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Preface to the revised edition 


When the McGRAW-HILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY was first pub- 
lished in October, I960, it was reviewed by the 
Subscription Books Bulletin as “The first modern, 
multivolume encyclopedia aimed at authoritative, 
comprehensive coverage of the physical, natural, 
and applied sciences. . . . [It] provides a com- 
prehensive source of information.” Scientific Amer- 
ican described the encyclopedia as “a first-class 
tool without substitute.” The American Scientist 
characterized the encyclopedia as “well conceived, 
written and illustrated with authority, indexed 
with care, edited and manufactured with skill. It 
shoiilj certainly serve as a veiy useful and recog- 
nized reference in science and technology.” Simi- 
lar reviews were carried in the Library Journal , 
Science , and the New York Public Library's New 
Technical Book List. 

Now, some five years later, we are proud to 
publish a new and thoroughly revised edition of 
this monumental w«»rk. Since I960, science and 
technology have moved further and faster than 
ever before, and truly basic changes have taken 
place in such areas as atomic, molecular, and 
nuclear physic*, electronic circuits, biophysics, 
low -temperature physics, microbiology, physical 
chemistry, and o< cartography. Developments in 
these and a host of other areas have filled four 
yearbooks, and the need for a new edition became 
not only evident, but compelling. 

Although many pages have been added to the 
set, the space limitations encountered by the first 
edition are still a problem. In deciding what to 
include and what to omit, the philosophy of the 
first edition was adhered to. The encyclopedia is 
a work of s not about , science. Biography and his- 
tory arc included only as required in the natural 
and factuul development of technical subjects. 
Philosophical considerations are presented only if 
needed for the basic understanding of a scientific 
concept or its technical application. 

The basic subject matter of all the natural sci- 
ences and their major applications in engineering, 
agriculture, forestry, industrial microbiology’, food, 
and other technologies has been retained. Also the 


new developments in the behavioral sciences have 
been noted and the vast fields of the applied sci- 
ences of medicine, pharmacy, and pharmacology 
have been represented by including the prepro- 
fession al sciences of these related fields. 

The depth and detail in which subjects are 
treated are determined by the substantive com- 
plexity and sophistication. Each article is designed 
and written so as to be understandable to the non- 
specialist in its field. This edition continues to pro- 
vide the widest possible range of articles that will 
be understandable and useful to any person of 
modest technical training who wants to obtain in- 
formation outside his own particular field of spe- 
cialization. Most of the articles, and at least the 
introductory parts of all of them, are within the 
comprehension of the interested high school stu- 
dent. The reorganization and upgrading of high 
school science curriculums should make this en- 
cyclopedia an even more valuable tool to the 
senior high school student in the years to come. 
Ecpially well, if not better, this work will also 
serve the college undergraduate and any person 
who is seriously trying to understand the science- 
oriented world in which he lives. 

The second edition of the encyclopedia involved 
u large amount of collaboration. Hundreds of sci- 
entists and engineers took time from their research 
to help us as writers or editorial advisers. The 
seven members of the Editorial Advisory Board, 
who have been with the encyclopedia since its in- 
ception in 1957, again rendered invaluable assist- 
ance. The 72 consulting editors guided us in selec- 
tion of articles and contributors and reviewed the 
manuscript before publication. Of the 72 consult- 
ing editors, more than 60 per cent were also con- 
sulting editors on the first edition. 

The real creators of the encyclopedia remain the 
more than 2200 contributors who wrote the arti- 
cles, and to them goes the chief credit for the 
encyclopedia. 

McGraw-Hill is eager and determined to have 
this reference work remain useful, distinctive, and 
preeminent. Accordingly, we solicit your com- 
ments and constructive criticisms. 


Edward E. Booher, President 
McGraw-Hill Book Company 
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Preface to the first edition 


Now that this Encyclopedia is ready for publi- 
cation, one might wonder why it was not produced 
many years ago. The need for it grew steadily 
from the turn of the century to the World War II 
yeais — * period of rapid technological develop- 
ment in which the English-speaking world was 
reaping the full benefits of the industrial revolu- 
tion, when education and public interest in all 
fields of science and technology were advancing 
with steady acceleration. But at the same time the 
editorial difficulties and the considerable financial 
risk involved in the production of such a work 
were advancing with equal acceleration. 

It was not until the postwar years, when all the 
Western world leaped forward into a new scientific 
revolution, that the obvious need clearly outran the 
apparent hazards of publication. This was a period, 
conditioned by wartime experience, when science 
began to be applied in greater earnest to industry 
— when a new industrial society based on elec- 
tronics, atomic energy, automatic control, and me- 
chanical data processing came into being and 
moved with a speed that made the prewar ad- 
vances look like a snail’s puce. There were also 
a great increase in college enrollments in science 
and engineering, and a general reawakening of 
interest in science, especially the physical sciences, 
in the secondary schools. It was then that the pub- 
lishers decided that this Encyclopedia must be 
produced at whatever expense of time, effort, and 
money. 

The first Russian Sputnik wus to come a little 
later, in 1957 — and after it the present universal 
excitement over space exploration and utilization, 
and in the United States an almost frenzied inter- 
est in our country’s position in science and tech- 
nology. All this, of course, has only added another 
layer to the cake. So, though somewhat overdue, 
this work is now published at a very propitious 


time when professional, educational, and public 
informational needs for it still are on the rise. 

At the start of the editorial planning it was 
firmly decided that this must be a work of, not 
about , science and technology. Not only was this 
the guiding principle in the planning stage; it also 
served later as the touchstone in testing the sub- 
stantive fitness of each article as it was written 
and edited. It explains why biographical and his- 
torical articles as such have been omitted, and why 
the philosophical basis of many subjects has been 
slighted. Biography and history are included only 
as required in the natural and factual development 
of technical subjects. Philosophical considerations 
are presented only if needed for the basic under- 
standing of a scientific concept or its technical 
application. Thus all possible space was saved for 
more and longer articles that are truly scientific 
and technical in nature. 

In the planning of any encyclopedia the limita- 
tions of space are a major problem. The wide 
scope and the many borderline applications of sci- 
ence and technology made this problem especially 
difficult in the present instance. The basic subject 
matter of all the natural sciences and all their 
major applications in engineering, agriculture, 
forestry, industrial biology, food and other tech- 
nologies had to be included. But what about the 
behavioral sciences and the vast field of applied 
science represented by medicine, pharmacy, and 
pharmacology? The problem was met by includ- 
ing only the pre-professional science of these re- 
lated fields. Thus physiological and experimental 
psychology are covered, but not psychiatry or psy- 
chotherapy. And biochemistry, embryology, and 
anatomy are represented by basic articles, but 
clinical medicine is excluded. 

Another problem, of course, was to set limits on 
the depth and detail in which subjects would be 



treated. How far should the reader he carried? 
How much should his understanding and capacity 
be stretched? Here limitations could not so easily 
be set by definition or fiat. Rather it was decided 
that the inherent substantive complexity and so- 
phistication would have to be the guide in each 
case. But it was also decided that each article 
would he so designed and written as to be under- 
standable to the non*peciali$t in its field. And this 
principle stamps the basic purpose of the work: 
To provide the widest possible range of articles 
that will be understandable and useful to any per- 
son of modest technical training who wants to ob- 
tain information outside his particular field of 
specialization . Most of the articles, and at least 
the introductory parts of all of them, arc within 
the comprehension of the college undergraduate in 
science or engineering, or of the especially inter- 
ested high school student. As for the general pub- 
lic, this work will well sene any person of general 
education, any intelligent Layman, who i> seriously 
trying to understand what goes on in the new. 
science-oriented world in which he lives — and his 
is perhaps the direst need of all. 

A> it must be with any publication of it* scope 
and nature, this Encyclopedia involved a va*t 
amount of collaboration. Hundred* of biisv scien- 
tists and engineers, including many vrrv promi- 
nent ones, willingly took time away from their 
professional work and leisure hours to join in thi* 
cooperative task a* writers or editorial advisers. 
Their willingne** and their generosity of lime and 
effort indicate their high estimate of the* ultimate 
professional and public values of the work. 

Among all of these collaborators, the seven mem- 


bers of the Editorial Advisory Board deserve high 
credit for their application of knowledge and wis- 
dom in the formulation of editorial plans and pol- 
icies. They guided the publisher in deciding the 
many difficult questions of scope, style, division of 
subject matter among disciplines, allocation of 
space, selection of Consulting Editors, etc. In do- 
ing so, they combined ut all time's the scientific 
objectivity of scholars with a sympathetic under- 
standing of the practical pioblenis involved. 

The sixty-three Consulting Editors al*o deserve 
special credit for their part in the enterprise. They 
guided the choice of contributor*, helped to plan 
the major articles, read and criticized, and in 
many case* revised, the manuscripts. Each per- 
formed an editorial mm vice of the highest order, 
and each made u large contribution to the final 
quality of tin' artic les in hi* partic ular di*cipline. 

The more than 2.100 contributois who wrote 
the 7.200 article* an*, of com*e, the' real creators 
of the* work, and to them gne* tin* chief credit for 
it* exigence. Tin* publisher* were gratified with 
the large number of leading *cienli*ts and engi- 
neers who *o readily accepted invitation* to write 
article* in all the discipline* represented. They 
have made profc***ional contribution* with piofes- 
sional intent and *piiit, and the publisher* are 
deeply obliged l»> each of them 

A* for tin* energy, pioficiencv. and dedication of 
the* puhli*her*’ own editorial -lafT. it r* enough to 
*av that their monumental ta-k wa- completed 
within the limits <>l time. -pace, and -.M originally 
*et for the protect a trulv remarkable editorial 
achievement, probably uurnati lied in modern pub- 
lishing history. 


CiJHiis C. Bknjvmin, Chairman 
of the Management Hoard 
McGraw-Hill Book Company 



Guide for Readers 


Basic plan of the encyclopedia 

Tin* subject matter of the various disciplines or 
branches of science and technology is organized 
systematically: a general article provides a broad 
survey of the field, and a number of separate articles, 
alphabetically arranged, cover its main subdivisions 
and more specific aspects. 

In general, each article begins with a definition of 
the title that states its scope and coverage. Usually, 
only the scientific or technological sense is discussed. 
Most of the articles, after this statement, go on to 
increasingly complex and detailed considerations. A 
reader ? 1 • s -■ needs to proceed only, as far as his 
inclinations and requirements dictate. 

Cross references guide the reader from general 
articles to the other articles into which the subject 
is subdivided, and from these to articles on more 
highly spet ialized phases of the subject. The cross 
references - there are about 50.000 of them — are 
printed in capital letters so that they can be easily 
recognized. By means of the cross references a 
reader may find his way from Electrical engineer- 
ing, through Electronics and V'u.i t m tire, to 
Electron m in ion in \ a< t i m or Electron emis- 
sion. Or, following another line of cross references, 
the reader would be led to Electric power sys- 
tems, Transmission lines. Electromagnetic 
wave, and so on. 

Every phylum, class, and order in the plant and 
animal kingdoms is allotted a separate article. 
Many of the more common families, genera, and 
species are covered either in one of the order 
articles or in a separate article under its own 
scientific or common name. 

There ure two indexes to information in the ency- 
clopedia, both of them in Volume 15. The compre- 
hensive index, with its 1(K),0(K) entrie.- offers an 
analytical breakdown; the topical index groups the 
more than 7200 article titles under nearly 100 gen- 
eral headings, to enable the reader to identify 
quickly the articles in a subject area. 

Most of the longer articles contain bibliographies 
citing useful sources of further information. For ad- 
ditional bibliographical citations, the reader should 
refer to related articles (as indicated by the cross 


references in the article). Bibliographies are placed 
at the ends of articles or sometimes at the ends of 
major sections in long articles. 

A list of initials and names of the contributors to 
the encyclopedia is to he found in Volume 15. This 
list will permit quick identification of a contribu- 
tor's initials after an article. Immediately following 
this list is a second list of encyclopedia contributors 
with their affiliations and the titles of articles each 
has written for the encyclopedia. 

How titles are alphabetized 

Words used as titles are. wherever possible, given 
in the singular to permit a consistent alphabetic 
arrangement. Titles are alphabetized by word and 
not b> letter; for example. 

Earth sciences 
Earth tides 
Earthmover 
Earthquake 

A word used as a noun precedes the same word used 
adjectivally; thus. 

Mercury (element) 

Mercury (planet) 

Mercury battery 

or 

Circuit, electronic 
Circuit breaker 

H>phencd terms are alphabetized as single words; 
for example. 

Animal virus 
Animal-feed composition 

'‘Electric'’ and " electrical " 

The adjectives electric and electrical are used in 
the following senses. Electric — containing, produc- 
ing. arising from, actuated by. or carrying electric- 
ity, or capable of doing so; as. for instance, electric 
generator, electric motor, electric wiring. Electrical 
— related to, pertaining to, or associated with elec- 
tricity, but not having its properties or character- 
istics; as, for example, electrical code, electrical 
engineering. 




Abaca to Azurite 


Abaca 

A fiber, also known as Manila hemp, obtained from 
the outer portion of the leafstalks of several spe- 
cies of wild banana. The princ ipal source, Musa 
textilis , resembles the true banana, but it has nar- 
rower leaves and inedible fruit. Abaca requires a 
warm climate, fertile soil, shade, abundant mois- 
ture. but good drainage. It is propagated by root- 
stalks or suckers (stools). Although the plant 
grows from India to the Philippines, it is of com- 
mercial importance only in the Philippines and to 
a lesser extent in Sumatra and Borneo. During 
World War II, production was successfully pro- 
moted in parts of Central America, especially Costa 
Mica. 

Properties and uses of fiber. The fiber is 
6-12 ft long, lustrous, and white to ocher in color. 
Bera'**-* 1 , h strong, durable, and resistant to both 
fresh and salt water, abaca is used chiefly in the 
manufacture of high-grade cordage, especially 


marine cables. It is also used for bagging, papier- 
mache, strong tissue paper, wrapping paper, and 
Manila paper for sacks. Large amounts are used 
in Japan for making the strong paper used for 
movable partitions in houses. 

Diseases of abaca. Mosaic and bunchy-top are 
destructive virus diseases of abaca. A wilt caused 
by Fusarium oxysporum f. cubenses is also recog- 
nized as a threat to abaca. Root-knot nematode in- 
jury is serious in certain areas. Helminthosporium 
and Fusarium stalk-rots and leaf spots are not con- 
sidered threats to fiber production. See Fungi; 
Plant virus. 

Abaca mosaic caused by a strain, or strains, of 
the cucumber mosaic virus is transmitted by two 
species of aphids, Rhopalosiphum nymphaeae and 
Aphis gossypii (see Hemiptera). This mosaic is 
the most destructive abaca disease in the Philip- 
pines. The early symptoms are small pale dots on 
the newly expanded leaf. These spots elongate into 
narrow dashes; later, yellow patches 3-5 mm X 



(o) Abaca affected by mosaic; note ragged leaves and Plant (1) on left is dead and lower leaves of plant 
chlorotic areas on leaves, (b) Bunchy-top of abaca. (2) have been killed. (USDA) 
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20-30 mm appear on the lamina and petiole of 
succeeding leaves, and mottled areas turn brown 
and dry out. Control measures include elimination 
of all diseased host plants of the vectors, chemical 
control of insect vectors, and the use of virus-free 
stock. All commercial varieties of M. textilis are 
susceptible; however, the wild species, M. paced , 
A/, canton . and Af. lolodensis, are resistant and are 
used in breeding for resistance. 

In the Philippines abaca bunchy-top is restricted 
to abaca ; however, the Ceylon and Australian strain 
of banana bunchy-top virus is transmitted to abaca. 
The aphid Pentalonia nigronervosa transmits the 
bunchy-top virus. Along with certain other symp- 
toms, the leaves of badly infected plants are 
bunched together at the apex of the plant, form- 
ing a rosette. The disease spreads rapidly and 
chlorotic areas of leaves die and decay. Decay may 
extend downward into the plant, and 44 heart-rot M 
and death of the plant may result. 

Control of bunchy-top is considered less difficult 
than control of mosaic because of its restriction to 
the genus Musa and its rapid destruction through 
killing of its own host plant. Virus- free stock 
should be used and infected stools should be com- 
pletely destroyed. See Agricultural science 
( plant ) ; Plant disease. [ t.e.su.] 

Abacus 

A digital computing device usually consisting of 
counters strung on wires, one wire for each digital 
position. In earlier forms the ahacus was simply a 
table with marked lines upon which counters could 
be moved. 
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Addition with a Kiroban. 


Abacuses may be either decimal or biquinary in 
character. A decimal abacus consists of a number 
of wires fastened to a frame, each wire carrying 
ten counters. More commonly, as shown in the fig- 
ure, the frame is divided into two parts by a bar 
which separates each wire into two-counter and five- 
counter ( hence biquinary) segments. The digit 0 is 
represented on a wire when all counters are slid 
away from the bar. One to four are represented by 
moving one, two, three, or four counters on the five- 
counter segment of a wire up to the bar. Five is rep- 
resented by moving the quinary segment counters 
away from the bar, while moving a counter from the 
binary segment to the bar. 

A frame having four counters in one segment and 
one on the other is sufficient for biquinary repre- 
sentation. The abacus in this form, called the saro- 
ban (see illustration), is used in Japan. 


A skilled abacus operator can keep pace with a 
desk calculator operator in addition, subtraction, 
and multiplication. See Digital computer, [r.j.n.] 

Abalone 

Any member of the genus Haliotis , family Haliot- 
idae, class Gastropoda, phylum Mollusca. The aba- 
lones, or ear shells, are found throughout the world 
in warm seas, with some species ranging north- 
ward to Japan. England, and California. 



The abalone. a gastropod mollusk. (Lynwood M. 
Chace, National Audubon Society) 


Although essentially large snails, abalone* have 
the spire so flattened as to give the appearance of 
half a bivalve. They can be readily recognized by 
their ear shape, large size, and the row of holes 
along one edge of the shell. The abalonc's foot is 
broad and flat, enabling it to adhere, with re 
markable power to its supporting rock. The ante- 
rior of the foot is equipped with two feelers, two 
stalked eyes, and a broad, central snout. The fleshy, 
fringed mantle extends out a lifelong the edge of 
the shell. Water from the gills and body wastes are 
discharged through these openings. New holes are 
formed in the shell and the old ones filled as the 
animal grows. Abalones feed upon algae which 
they scrape from rocks by means of the rad u la. 
which possesses recurved teeth. 

Some California abalones. the world’s largest, 
attain a length of 1 ft. There are no abalones on 
the Atlantic coast, but five species are found in 
California waters. Haliotis fulgens. variously called 
blue abalone, green abalone, or the splendid ear 
shell, is the most striking. It is the principal 
mother-of-pearl shell on the West Coast. //. rufes- 
cens , the red abalone, and //. cracherodii , the 
black abalone, are both valuable California forms. 

The ormer, Haliotis tuber culata , is common 
along the English and French coasts, where it is 
valued as a food animal and for its beautiful shell. 
In Japan, the awabi, H. gigantea, also known as the 
giant ear shell, is commercially important. 

Abalones are of considerable commercial impor- 
tance in various parts of the world, including Cali- 
fornia. While often used for food in California, 
most of the American catch is dried and shipped to 
China and Japan. The California harvest has been 
as high as 700 tons a year. In addition to their use 
for food, the shells are used to make ornaments 
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and buttons. Tim quality of the mother of pearl 
from these animals is exceptionally fine, and their 
large si/e helps make them of considerable value. 

Abalones are a favored food for the now rare 
southern sea otter. They are also preyed upon bv 
rats and large sea birds at low tide. They must b«* 
dislodged, even by a professional fisherman, by a 
surprise attack, because they cannot be pried loose 
when given warning. This no doubt prevents their 
being preyed upon by many other animals. 

(ireen pearls oi fine qualitv are sometimes found 
in abalones. and good cultured pearls have been 
grown in them. .See Moi.m s< \. |j.o.B. | 

Abdomen 

The large trunk cavitv of vertebrates which is also 
known as the peritoneal cavitv. A muscular dia- 
phragm separates the inferior abdominal cavitv 
from the superior thoracic « a\ it v in the mammals. 
Vmong the lower vertebrate groups, there is a more 
or less (ontinuous ia\itv, the pleuroperitoneal cav- 
itv. I imng this cavitv and surrounding the \ is* era 
is a set oils membrane, tbr peritoneum. The greater 
and Icssei omenta are folds of peritoneum which 
« onriect the contained visccia with the stornaeh. 
I lie liver, gallbladder, pancreas, spleen, kidnevs. 
and that portion of the digestive tract from tire 
stomach to t!.'‘ anal opening i ti« lu-ivclv. with their 
associated nerves and blood vessels, are located in 
this region in mammals. .See Xwioivn. kw.ion XL. 

| < . B . r . | 
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Deviation from perlert image formation I see im- 
\i. i . lie t n \i ). The deviation arising from tin* fact 
that light of different wavelengths follows different 
paths through an optical svstem is treated else- 
where | V'f e r.llHOMMli MUIIHMIONI. 'fhis article 
Heats the monochiomatii aberrations for which the 
index of retraction of the lens material is constant. 
The plotting and analv/ing id the image errors oi 
a given s\>tem an* discussed. For a s\s|ernatic dis- 
cussion of the aberrations themselves, and for defi- 
nition of manv of the terms used here, see Oi*ri(s 
(.HIM t nut At.. 

Plotting of image errors. After three (or more) 
ravs are trail'd from an axis point, the intersection 
heights h\ of the ravs with the image plane are 
plotted as functions of the height h' in the exit 
pupil. The curve thus obtained I Fig. \n ) can be 
approximated bv the equation 

h\ - hh'- f <h f ' ( 1 1 


and is svrnmetrical with respect to the zero point. 
A shift of the image plane corresponds to a rota- 
tion of the curve around its axis. The quantities 
b and r ate the coefficients of the aperture errors 
( spherical aberration ). 

Plotting in the same way the intersection heights 
of a bundle of at least five meridional ravs from one 
or more off-axis points with the image plane leads 
to a set of curves as shown in Fig. lb, which is for 
points 15° and 20° from the axis. The equation of 



- 0.2 0.2 - 0.2 0 0.2 - 0.2 0.2 


intersection height 

Fig. 1. Typical aperture-error (spherical-aberration) 
curves of a lens, (a) Field angle 0 ' (axis point); (b) 
field angles 15° and 20°. 


such curves can be approximated by an equation of 
the form 

h\ = a | -f ch' 4 dh’ + e/i'» (2) 

These curves can lie considered to he the super- 
position of two sets of curves I and II in Fig. 2 
having the equations 

h i = a 4- ch'- 4 - e/i' 4 
and h\\ — ih 4- dh'-)h' 

The fust M*t is symmetrical, with a giving the 
shift of focus and r and c the two aperture errors 
foi the off-axis point. The second set is antisym- 
metric. h and d giving the first- and second-order 
asymmetric errors for the meridional rays. 

The meridional rays do not give complete infor- 
mation about the image formation in an optical sys- 
tem. \ aow ledge of the skew rays is required, and 
this is obtained by analyzing the corresponding 
spot Jiagram as follows. 



- 0.1 0 0.1 - 0.1 0 0.1 - 0.1 0 0 . 1 - 0.1 0 0.1 


intersection height 

Fig. 2. Aperture-error curves of Fig. 1b divided into 
two parts according to Eq. (3). 
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A large number of rays uniformly distributed 
over the exit pupil are traced from an object point 
through the optical system, either by direct tracing 
or by using an interpolation formula. The ray- 
tracing gives the intersection points with the image 
plane, and the plot of these is the spot diagram. In 
Fig. 3 these are shown for three field angles in the 
last line, indicated hv T. These points also give two 
functions \f and A which can be approximated by 
the formulas 

AS = Mo 4* AS iy* 4" 4~ y * 2 ) 4 At ^y f ~ 

4- Ai\y J {x Ji + /*) + Mnix" + > '* ) - n 

A - An + A,y' 4- A 2 (V- 4- v'-) 4 A ,v'- ' 

4' Miy'ix'* 4- /-> -f A,u' : 4 y'*)- 

where the coefficients are computed from the ray- 
tracing results by least-square methods. 

The equations 

r', = x’l 1 -4 A A' I 

" -'*» 4- t'n + .r'm 4* x ,\ 4 r'v (r . 

= /(I 4- Aik' > t Mk' 1,11 

- 4- >'i -f y'u f- y'm f v'n 4- >'v 

where A' is the distance of the image plane from the 
exit pupil, can then be split up with respect t«» the 
power of the exit pupil. The zero-order terms 


■to - 0 

vV = ALk' 


(f>) 


and the deviation from the (»aiissian image point 
give the distortion of the principal rav fthe ray 
through the center of the exit pupil). The fir^t-or- 
ier terms 


t'i = t'll f VA:') 

v # i ~ v'fl + I .Vo + WitA'J 


are first-order deformation errors, often railed 
astigmatism. A* shown in Fig. 3 by line I. the ravs 


through a set of concentric circles in the pupil go 
through a set of concentric ellipses in the image 
plane. 

The aberrations of second order are given by 
x'u = Nk'x'y' 

/„ - y /J (Ai 4- AU + A#:.)** + Mtfx'i w 

A set of rays through a concentric set of circles 
goes through a set of eccentric ellipses (line II, 
F"ig. 3). This gives un asymmetric image point and 
the first-order asymmetry errors. 

The third-order errors can be split in two: 

'*iii - r'AjA'I 4- y' J ) 

/.,« - y'N-ik' ( x' J 4 /*) {J) 

and .'"in' * s'A.,AV- nft * 

y'm' = /A '| Alyx' 2 f- (A ;t 4 At , ) y' J | V ' 

The First is an aperture error, whereas the sec- 
ond inav be classified as deformation errors. The 
author lui* suggested calling them Oullstrand er- 
rors. Thev arc shown in lines Ilia and lllh, respec- 
tively. in F ig. 3. 

The fourth-order eriors 

v'.v = x'AA'i \'s -I v'*l 
v'iv - |>"< V, ♦ \f . ) A ' (11) 

4 Mr t k’x"\\x'' i- v'-’l 

are a'-vmmelrv errors of the second order I line IV, 
F ig. 3 1 . while* 

*> -* v r v 1 ' <i2, 

v v - y A -A i i i v - ) 

give the second-order aperture errors I line V > . 

This analysis of the image errois of a svstem 

gives an insight into what Ifllppeii* if one* of the 
system data i* « hanged. While the spot diagram re- 
acts to smh a change in a complex wav. the varia- 



Fig. 3. Analysis of spot diagrams for three field 
angles, 0°, 15°, 20°. A, spot diagrams found by ray 
tracing; B, theoretical patterns formed by rays pass* 
mg through center ond two zones of exit pupil. T, 


actual spot diogram; l-V, analytical diagrams corre- 
sponding to Eqs. (7) to (12). Diagrams in line T are 
the vector sums of the diagrams in lines t-V plus dis- 
tortion corresponding to Eq. (6). 
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tionft of the parameters of the partial diagrams are 
easily understandable. 

Spherical aberrations. Aperture, or spherical, 
aberrations have symmetry of rotation. They arise 
from the fact that the rays of different aperture 
generally do not come to the same focus (sec Mir- 
ror OPTrcs). An axis point of a system with sym- 
metry of rotation has only aperture errors. 

A plot of image height against the square of the 
aperture gives for most systems a parabola, and the 
inclination of this parabola at the origin gives the 
Seidel coefficient of the aperture error. The trace 
of two merid.ona! rays in addition to the calcula- 
tion of the Gaussian focus is usually sufficient to 
give the aperture errors. In systems of very high 
aperture, such as microscopes, more rays should he 
traced and more coefficients in the equation deter- 
mined. 

The aperture errors change with wavelength, and 
in a system designed for a wide range of wave- 
lengths, the spherical and the chromatic aberrations 
have to he balanced against each other. A system in 
which the aperture aherrations do not change with 
wavelength is said to be spherochromaticallv cor- 
rected. 

For an off-axis point, the asymmetry deformation 
errors must be separated from the aperture errors. 
The image analysis enables the aperture errors to 
he isolated and compared for different field angles. 
This, again, enables the designer to balance out 
aperture aherrations as functions of the field angle 
by eventually introducing small aherrations of op- 
posite order at the axis. 

Coma. Coma is the popular name for the asym- 
metry errors in the image of a point. Coma occurs 
for two reasons: (1) the rays from the object- 
point form a symmetrical image, but its appe *ance 
is unsymmetrical because the diaphragm vignettes 
the rays in an unsymmetrical manner; (2) the rays 
from the object-point form an unsymmetrical image 
in the absence of vignetting. For a discussion of 
vignetting, see Optics, geometrical. 

The first kind of asymmetry can be easily cor- 
rected by shifting the stop (diaphragm) in such a 
way that the central ray of the imaging bundle goes 
through its center. The stop in this position is some- 
times called the natural stop. The second kind of 


asymmetry, however, is intrinsic in the design of 
the system. 

Seidel theory. Within the first-order approxima- 
tion (Seidel theory), the asymmetry is always of 
the first kind. Unless the aperture error (spherical 
aberration ) is corrected, one can always find a posi- 
tion of the stop to cut off the bundle coming from a 
near off-axis point in a symmetrical way. Figure 4 
shows the shape of the image of a point in the 
presence of spherical aberration as the diaphragm 
is moved from the natural stop to a place where the 
bundle becomes extremely unsymmetrical. 

For an axis point corrected for aperture errors, 
the rays from a nearby point through a set of con- 
centric circles in the presence of Seidel coma go 
through a set of eccentric circles in the image 
plane, the common tangent of the circles forming 
an angle of 60°. This gives rise to the familiar 
comet-shaped figure from which the aberration de- 
rives its popular name. 

Point image in outer field , small aperture. Here 
the presence of first-order asymmetry errors is char- 
acterized by the fact that the rays going through a 
set of concentric circles in the entrance pupil inter- 
sect the image in a set of eccentric ellipses, which 
have either two common tangents (outer coma) or 
a common secant (inner coma). The angle between 
the common tangents in the first case is not always 
60°. Formulas have been derived for tracing data 
through an optical system to give these asymmetry 
errors, as astigmatism can be traced along a ray. 

Point image near axis , large aperture. If the ap- 
erture errors are corrected, the system is, for a near 
axis point, free from all errors if. and only if, 
Abbe's sine condition is fulfilled. This means that, 
for all rays. 

mu' sin u' * n sin u (13) 

where m is the Gaussian magnification and u and it' 
are the angles which the ray forms with the axis in 
the object and image spaces, of index n and n\ 
respectively. For an infinitely distant object, Eq. 
(13) is replaced by 

h ■■ n'f sin u ! ' ( 14 ) 

where h is the entrance height of the rays parallel 
to the axis and f is the (Gaussian) focal length. 
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In the presence of spherical aberration, the con- 
dition for symmetry, or freedom from coma, is 

A, /W — A m /m' - 0 (15) 

where A, is the spherical aberration, k' the dis- 
tance between exit pupil and Gaussian image, and 
A m the difference between the aperture magnifica- 
tion given by Eq. (13) and the Gaussian magnifi- 
cation. This is the Staeble-Lihotzky isoplanasie 
condition. When the object is infinitely distant and 
the exit pupil is at the nodal point, this equation 
becomes 

A(5-/)// = 0 (16) 

5 being the back focus and / the focal length. 

Point image in outer field, general case. The ful- 
fillment of the isoplanasie condition means that a 
point near the axis is symmetrically imaged. The 
condition covers only the coefficients of E which 
have the single index 2 (see Optics, geometrical ) . 
Higher-order asymmetry errors must frequently 
be balanced out over the whole field to be imaged, 
by introducing a deviation from the sine condition. 
Asymmetry is the most disturbing error in an opti- 
cal system because it makes the image extremely 
dissimilar to the object; therefore this balancing is 
of prime importance. 

Astigmatism. The error which occurs because 
a wave surface in general has double curvature is 
called astigmatism. Even for a small circular stop, 
the rays from an object-point do not come to a 
point focus but intersect a set of image planes in a 
set of ellipses, the diameters of which are propor- 
tional to the distances of the two foci from the 
image plane under consideration. Such an error 
exists even on the axis in systems which are not 
rotation symmetric, such as cylindrical and toric 
lenses and the astigmatic eye. In systems with rota- 
tion symmetry, it exists in general for the rays 
from an off-axis point going through a small pupil. 

Astigmatism on the axis is a common error in 
the human eye arising from the fact that the re- 
fracting surfaces, especially the cornea, can have 
different powers in different meridians. It can be 
corrected by a spectacle lens in which at least one 
surface has different curvatures in different planes 
through the lens axis. The lens may be a cylinder, 
a torus, or a surface of second order with double 
symmetry. Since such a surface has different pow- 
ers (a different number of diopters) in the two 
principal sections, it can be used to correct the 
different powers of the astigmatic eye. Sea Eye 
glasses. 

The rays from an off-axis point through a small 
pupil, even in a system with rotation symmetry, en- 
velop a surface (the caustic) to which they are 
tangent at two points that are usually separate. If 
the pupil is on the axis, the two points are the foci 
of the meridional rays and of the rays in the plane 
perpendicular to the axis, called the sagittal plane. 

The distances s t and s t of the meridional and 
sagittal foci from the chosen image plane measure 
the meridional and sagittal astigmatism on the ray. 


The two corresponding Seidel errors are, for a 
small field, proportional to the astigmatic distances 
from the image plane for the principal or central 
ray (the ray through the center of the exit pupil). 
In lens design, s t — s g is a measure of the astig- 
matism. 

For a small field, the meridional astigmatism 
changes three times as fast as the sagittal as one 
of the lens parameters is varied. This means that 
for small changes the quantity 

s p =» Mj(35* — s t ) 

remains unchanged. This quantity can be consid- 
ered as a generalization of the Petzval sum or as 
Petzval field. Of course, the ratio of the rates of 
change is different from three in the outer part of 
the field when the field is large, and it is again im- 
portant to introduce a certain amount of Petzval 
curvature into the system to hulance it over the 
field. 

In the general image-error theory, astigmatism 
is a deformation error of degree one. 

Curvature of field. The best image of a plane 
object sometimes lies on a curved surface. An image 
formed on a flat screen will then be subject to the 
error known as curvature of field. If R, designates 
the curvature of the Kth optical surface, the quan- 
tity 

R = 1RJI n\ - 1/n. » (17) 

where n k and n\ are the refractive indices before 
and after the Kth surface, is tailed the Petzval 
curvature or Petzval sum of the lens. For thin-lens 
systems with finite distances, this equation is 
equivalent to 

R - X(<fi'/rtr) (18) 

where <f> k is the power of the Kth lens. 

When all the image-forming errors are corrected 
and the field is small, the Petzval curvature gives 
the axial curvature of the image of a plane object. 
The vanishing of R indicates that the Petzval con- 
dition is fulfilled. When a sizable field is to be cov- 
ered, it is sometimes necessary to introduce a small 
amount of Petzval curvature to balance curvature 
errors of higher order. 

The discovery of the significance of the Petzval 
sum enabled photographic lenses with plane fields 
to be constructed. These lenses were called anastig- 
mats to distinguish them from aplanats, in which 
the meridional and sagittal fields were merely bal- 
anced against each other, one field having a posi- 
tive curvature and the other a negative of nearly 
equal size. An anastigmat must contain at least 
one negative lens, as shown by Eq. ( 18 ). See Lens, 
optical. 

Distortion. Distortion is the error arising from 
the variation in magnification over the field of a 
lens. It can occur in an optical system even if the 
system is perfectly corrected for image- forming 
errors. In an uncorrected system, it can be defined 
for any given angle as the difference between the 
Gaussian magnification and the magnification de- 
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(a) (b) (c) 


Fig. 5. Images of a rectangular object screen shown 
with (a) no distortion, (b) pincushion distortion, (c) bar- 
rel distortion. {From F. A. Jenkins and H. E. White , 
Fundamentals of Optics , 3d ed„ McGraw-Hill, 1957) 

fined by the intersection point of the principal ray 
with the image plane (more generally, it ran be 
defined as this quantity for an arbitrary ray). 

Distortion that is positive, the magnification in- 
creasing with field angle, is called pincushion dis- 
tortion because the image of a square has concave 
sides and thus looks like a pincushion (Fig. 5). 
The opposite type, negative distortion, is called 
barrel distortion because the image of a square 
has bulging sides. It is possible to balance distor- 
tion in an optical system by balancing higher-or- 
der distortion through introducing some third-order 
distortion of opposite sign. Distortion is sometimes 
intentionally introduced into wide-angle objectives 
to improve the uniformity of illumination. 

The principal rays go through the centers of the 
exit and Jit* nUance pupils; so, if the entrance 
pupil has no aperture error, freedom from distor- 
tion is achieved when m - tan u 7 tan u\ where m 
is the (Gaussian lateral magnification and u and u' 
are corresponding field angles in object and image 
space, respectively. In the presence of aperture er- 
rors of the stop, this formula must be modified 
slightly. [m.h.] 

Bibliography : M. Berek. Grundlagen der prakti - 
schen Optik , 1930; H. Chretien, Cours de calcid 
des combinaisons optiques , 1938; M. Herzberger, 
Modern Geometrical Optics, 1958. 

Aberration of light 

The apparent displacement of the direction of ar- 
rival of light rays from celestial bodies caused by 
the combination of the velocity of the observer V 
and of the velocity of light c. A common analogy to 
the effect is given by the oblique traces left by rain- 
drops on the side windows of a car in motion. The 
angle of aberration or is given by tan a * V/c. The 
phenomenon of aberration is one of the most con- 
vincing proofs that the earth moves around the sun. 
Knowledge of the numerical values of o and c offers 
a means of determining the earth’s orbital vc*;»city 
and, from this, the earth’s mean distance to the sun. 
It can also be shown that the old ether hypothesis 
is inconsistent with the phenomenon of aberration. 

The main aberration effect is the annual aberra- 
tion of the “fixed” stars due to the orbital motion of 
the earth; this effect was discovered by J. Bradley 
in 1725. The annual aberration causes the apparent 
positions of stars on the celestial sphere to move in 
small ellipses whose minor axis depends on the 
ecliptic latitude /? of the star, but whose major 


axis is independent of the star's position ; the com- 
mon value of the semimajor axis of the ellipses is 
the constant of aberration a 20.5". For stars at 
the poles of the ecliptic ( fi * =fc90°) the aberra- 
tion ellipse is a circle of diameter 2a = 41"; in 
the plane of the ecliptic (/? * 0°) the aberration 
ellipse reduces to a straight line of length 2a * 
41"; at any intermediate latitude the minor axis 
of the ellipse is 2« sin f3. 

The constant of aberration is determined by the 
analysis of the annual variations in the apparent 
positions of stars crossing the meridian near the 
local zenith. The value adopted for use in ephem- 

star light 

U 186,000 mi/sec) 



Light from a distant star enters a telescope. The earth, 
in its orbital motion, moves the telescope before the 
light reaches the end of the telescope tube. 

erides by the Paris Internationa] Conference in 
1896 b ft « 20.47". This value is inconsistent with 
modern determinations of the solar parallax and the 
corresponding mean orbital velocity of the earth 
which give a * 20.51" or 20.52". It is generally 
believed that the direct determination of the aber- 
ration constant is subject to small systematic er- 
rors caused by seasonal effects which are not elim- 
inated in the observations. 

There is also a very slight diurnal aberration due 
to the earth’s rotation about its axis. The diurnal 
aberration depends on the geographic latitude p 
of the observer and is maximum at the equator 
where its amplitude reaches 0.31"; at other lati- 
tudes its amplitude is 0.31" cos See Earth 
(orbital motion); Light. [g.d.v.] 

Ablastin 

An antibodylike substance, present in serum as a 
result of immunization, that inhibits the multiplica- 
tion of an invading parasite. The best example is 
that of the serum reactions resulting from Tryp- 
anosoma lewisi infections in the rat, as studied 
extensively by W. H. Taliaferro. The ablastin ap- 
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pears a few days after infection, and the repro- 
duction of adult forms of the trypanosome is pro- 
gressively reduced. Without multiplication of the 
parasites, the infection must ultimately terminate. 
The ablastic activity is found in the globulin por- 
tion of the serum, and can be transferred to normal 
animals. Unlike most antibody activities, that of 
ablaslin is not reduced by attempted absorptions 
with T. lewisi cells. See Antibody; Globulin; 
Serum. Th.p.t.] 

Bibliography : J. T. Culbertson, Immunity 
Against Animal Parasites , 1941. 

Abnormal behavior 

Conceptions of what constitutes abnormal behavior, 
and of the etiology and meaning of such behavior, 
have varied drastically with social and inoral sanc- 
tions throughout history. The more striking forms 
of abnormal behavior, as in psychosis, have long 
been recognized as deviant but have tended histori- 
cally to be interpreted nonscientificallv, for exam- 
ple, in terms of demonic possession. Scientific, and 
initially primarily medical, attention has been 
turned to abnormal behavior with consistency since 
the nineteenth century, although fragmentary clini- 
cal studies were often made previously. The less 
striking varieties of abnormal behavior, in such 
forms as excessive drinking, delinquent behavior, 
and neurotic problems, have come under the scru- 
tiny of science only in very recent years and were 
previously interpreted as reflecting on the moral 
and personal weakness of the individual. 

Definition. The definition of abnormal behavior 
varies with the standard and customs of time, place, 
and circumstance. In modern times the definition 
usually includes reference to the individual’s ca- 
pacity to maintain a responsible relationship to 
the people and institutions with which he must 
deal. Inability to maintain such a minimal level of 
responsibility with attendant threat and danger to 
life and property constitutes the basis for a legal 
definition of insanity, and for the legal proceedings 
through which an individual is committed to a men- 
tal hospital by an appropriate legal body when 
there is refusal of voluntary commitment. Cer- 
tain specific acts may be regarded as abnormal if 
they fail to conform in terms of adequacy of behav- 
ior to the popular consensus and if at the same 
time they represent a threat. The abnormality of 
specific acts is not subject to insanity proceedings 
but to legal proceedings of the conventional kind 
and then only if the act violated a legal code and 
the person is recognized as responsible (that is, not 
insane). Other so-called abnormal acts are matters 
merely for popular approval or disapproval. 

In the case of amentia or mental deficiency the 
proceedings used to establish legal responsibility 
vary widely from state to state. When the mentally 
deficient person commits a criminal act, the pro- 
ceedings with respect to a finding of insanity are 
the same as for another criminal adjudged to be in- 
sane by proper legal authorities, although the per- 
son may be adjudged simply mentally deficient and 


committed to an institution for the mentally defi- 
cient rather than to an institution for the insane. 
A finding oi mental incapacity can also be used to 
set aside contract obligations in a civil suit or the 
validity of a will or deed before a court of probate. 

Types. The forms of abnormal behavior are con- 
ventionally divided into the following classes: 
( 1 ) transient personality disorders such as ex- 
treme grief reactions or reactions to traumatic 
stress in civilian catastrophe or reactions to war- 
time combat; (2) psychoneurosis, such as obses- 
sional-compulsive, hysterical, and psychosomatic 
disorders (see Neurosis) ; (3) psychotic disorders, 
including psychopathy and criminality (see Psy- 
chosis) ; and (4) alcohol and drug addiction. In 
addition to these, one may distinguish a fifth cate- 
gory. disorders associated with organic brain im- 
pairment, ranging from the acute disorders such as 
carbon monoxide poisoning and meningitis, to cer- 
tain chronic organic conditions such as general 
paresis. Pick’s disease, and Alzheimer’s disease, to 
forms of mental deficiency with organic involve- 
ment such as cretinism. See Cretinism; Paresis, 

GENERAL. 

Abnormal behavior, in its broadest sense, may be 
taken to include all forms of aberration, including 
criminal acts of all kinds, the ac tivities of genius, 
adherence to dissident social or religious move- 
ments, and so on -in other words, deviation from 
any societal norm. Because such a broad definition 
proves in reality to be of little practical use, em- 
phasis in the definition of abnormal behavior tend* 
to be upon the nature of the* personality dynamics 
of the individual committing the abnormal act 
and the maladaptive long-term behavioral conse- 
quences of such dynamics, rather than upon spe- 
cific acts themselves. It is, therefore, more usual to 
speak of the abnormal personality rather than of 
abnormal behavior, save in instances where, for 
purposes of legal or social control, one must pre- 
vent the occurrence of certain specific forms of ab- 
normal behavior. Yet this constitutes an anomaly. 
For it is sometimes the case that certain underlying 
patterns of abnormality in a person can be held in 
check and do not manifest themselves in overtly 
observable abnormal behavior, save under condi- 
tions where the stresses and strains of life pass a 
certain critical point. It is one of the principal find- 
ings of modern psychiatry that even the highly 
normal person (as judged from external adjust- 
ment) harbors deeply irrational patterns of inter- 
nal functioning that, given the appropriate condi- 
tions, can lead to abnormal behavior. It is in this 
sense that modern psychiatry recognizes no sharp 
discontinuity between normal behavior and abnor- 
mal behavior. However, a qualification is needed, 
for what has been said holds for the continuity be- 
tween normal and neurotic reactions and may not 
hold in the case of psychotic reactions. Yet in this 
there is a considerable uncertainty among authori- 
ties. See Personality theory. 

Neurosis and psychosis . A distinction must be 
made between the two broad classes of mental ill- 
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ness, neurosis and psychosis. The principal distinc- 
tion is that the psychotic, in contrast to the neu- 
rotic, fails to take account of the reality situation 
to which he must adapt, showing either a delu- 
sional system, a degree of turmoil, or a remoteness 
that precludes insight into the fact of his illness 
and his life situation. In consequence, hospitaliza- 
tion is indicated where a diagnosis of psychosis is 
made, a decision which is, of course, tempered by 
the extent to which the patient is likely either to 
harm himself or to burden society. Even in mild 
cases, specialized care is required. 

Organic and psychogenic origins. In reference to 
abnormalities of personality, a distinction is often 
made between disorders that are organic in origin 
and those that are functional or psychogenic in 
origin. The distinction takes on special significance 
in view of studies of the biochemistry of psychosis, 
and of the use of forms of chemotherapy, again 
principally in treating psychosis. Electroconvulsive 
shock treatment and insulin shock therapy have 
been in use for nearly two decades, and the use of 
such drugs as chlorpromazine and rescrpine has 
increased over the past decade with dramatic suc- 
cesses in some cases and with noticeable alleviation 
of symptoms in others. See Psychopharmacoi.ocic 
drugs. 

In many instances, the results obtained from the 
so-called trcnouilizing drugs have been equivocal 
in nature, and the further exploration of their pos- 
sible uses remains a challenge. Yet the distinction 
between forms of physical therapy and psychother- 
apy turns out, on closer inspection, not to be so 
drastic as it first seems. Physiological interven- 
tion often has the effect of making the patient ei- 
ther more accessible to the therapeutic regimen of 
the mental hospital or better able to benefit from 
psychotherapy. There is considerable question 
whether the beneficial effects of physiological 
treatment can be maintained without psychothera- 
peutic assistance. Physiologically induced reduc- 
tion of turmoil and anxiety, although they reduce 
the severity of n disorder sufficiently, do not re- 
structure the personality dynamics that have cre- 
ated the patient’s difficulties in the first place, such 
as relations with the family and with society in 
general. 

Finally, there are disorders that are rather unam- 
biguously psychogenic on the one hand or clearly 
traceable to an organic root on the other. Illustra- 
tive of the former are the psychoneuroses, a great 
variety of behavior problems such as juvenile de- 
linquency, most forms of sexual deviation, alcohol- 
ism, and drug addiction, and some forms of psy- 
chosis. On the organic side, as previously noted, 
one finds abnormalities that derive from develop- 
mental deficits such as cretinism and other forms 
of severe mental deficiency, general paresis deriv- 
ing from syphilis, and so on. Other disorders ap- 
pear to have a double origin, involving the precipi- 
tating effects of fatigue (as in battle neurosis), or 
of endorrinal changes (as in the menopausal depres- 
sive disorders), the precipitant having the effect of 


triggering long-established psychogenic problems. 
The unraveling of these origins remains one of the 
major tasks of research in the field of psychiatry. 

Incidence. The incidence of mental disorder in 
the United States is hard to assess with any exacti- 
tude. Approximately one in every ten hospital beds 
is filled by a patient with a mental disorder. Yet 
if this figure were corrected to include somatic 
disorders aggravated by psychological stress it 
would doubtless be considerably higher, one esti- 
mate being as high as 20,000,000 patients hospital- 
ized with somatic disorders that are wholly or 
partly psychological in origin. The estimated 
number of patients in mental hospitals, or being 
treated for mental disorders outside hospitals, 
ranges from 10,000,000 to 15,000,000, not including 
mental difficulties produced by organic defect. The 
trend toward hospitalization has of course been 
very marked in the last 75 years, keeping pace with 
the increased recognition of the medical status of 
such illness and the increasing development of fa- 
cilities and professions for their care. In 1880 there 
were 40.042 patients hospitalized in special institu- 
tions for mental disorder for an over-all population 
of some 50,000.000. By 1948 that figure had risen 
to an estimated 700,000 for a population of 140,- 
000.000. It is highly doubtful, however, that there 
has been any correspondingly dramatic increase in 
the incidence of hospitalizable abnormal behavior. 

Tj.s.b.; w.ms.] 

Bibliography: D. Henderson and R. D. Gillespie, 
Textbook of Psychiatry for Students and Practition- 
ers , 1927; J. McV. Hunt (ed.). Personality and the 
Behavior Disorders , 2 vols., 1944; R. W. White, The 
Abnormal Personality , 2d ed., 1956. 

Abrasive 

A material of extreme hardness that is used to 
shape other materials by a grinding or abrading 
action. Abrasive materials may be used either as 
loose grains, as grinding wheels, or as coatings on 
cloth or paper. They may be formed into ceramic 
cutting tools that are used for machining metal in 
the same way that ordinary machine tools are used. 
Because of their superior hardness and refractory 
properties, they have advantages in speed of opera- 
tion, depth of cut, and smoothness of finish. 

Abrasive products are used for cleaning and ma- 
chining all types of metal, for grinding and polish- 
ing glass, for grinding logs to paper pulp, for cut- 
ting metals, glass, and cement, and for the manu- 
facture of many miscellaneous products such as 
brake linings and nonslip floor tile. 

Abrasive materials. These may be classified in 
two groups, the natural and the synthetic (manu- 
factured). The latter are by far the more exten- 
sively used, but in some specific applications nat- 
ural materials still dominate. 

The important natural abrasives are diamond 
(the hardest known material), corundum (a rela- 
tively pure, natural aluminum oxide, AI2O3), and 
emery (a less pure AI2O3 with considerable 
amounts of iron). The last of these has been re- 
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placed to a great extent by synthetic materials. 
Other natural abrasives are garnet, an alumino- 
silicate mineral; feldspar, used in household 
cleansers; calcined clay; lime; chalk; and silica 
(SiO-j) in its many forms — sandstone, sand (for 
grinding plate glass), flint, and diatomite. 

The synthetic abrasive materials are silicon car- 
bide (SiC), aluminum oxide (AI2O3), and, much 
less important in terms of volume of production, 
boron carbide (B4C). The recent synthesis of 
diamond puts this material also in the category of 
manufactured abrasives. There are many other car- 
bide, nitride, and cermet materials which might he 
considered abrasives, but their use is not wide- 
spread and they are used mainly for their refrac- 
tory properties. The properties of hardness and 
high melting point are related and many abrasive 
materials are also good refractories. See Refrac- 
tory. 

Silicon carbide is still made in much the same 
way that E. G. Acheson first made it in 1891. The 
principal ingredients are sand (SiO-,*). about 60%, 
and coke (carbon), about 40%. Sawdust (to burn 
and provide vent holes for the escape of the gaseous 
products) and salt (to react with the impurities 
and form volatile compounds) are mixed with the 
batch, which is placed in a troughlike furnace, up 
to 40 ft long, with a graphite electrode at each end. 
The charge is heated by a high electric current, a 
core of carbon or graphite being used to start the 
current, to a maximum temperature of 2400° C. The 
net reaction taking place is Si0 2 4- 3C = SiC f 
2CO, but the details of the reaction are more com- 
plicated and not thoroughly understood. After the 
furnace ha9 cooled, the sides are removed and the 
usable silicon carbide picked out, crushed, and 
sized. 

Abrasive aluminum oxide is made from calcined 
bauxite (a mixture of aluminum hydrates) or puri- 
fied alumina by fusion in an electric arc furnace 
with a water-cooled metal shell; the solid alumina 
around the edge of the furnace acts as the refrac- 
tory. 

Various grades of each type of synthetic abrasive 
are distinguished depending on differences in prop- 
erties such as color, toughness, and friability. These 
differences are related to details of processing and 
to the purity of the materials. 

The sized abrasive may be used as loose grain, it 
may be coated into paper or cloth and used as sand- 
paper and emery cloth, or it may be bonded into 
wheels. 

Abrasive wheels. A variety of bonds are used in 
making abrasi\e wheels: vitrified or ceramic, es- 
sentially a glass or glass plus crystals; sodium 
silicate; rubber; resinoid; shellac; and oxychlo- 
ride. Each type of bond has its advantages. The 
more rigid ceramic bond is better for precision- 
grinding operations, and the tougher, resilient 
bonds, such as resinoid or rubber, are better for 
snagging and cutting operations. 

Ceramic-bonded wheels are made by mixing the 
graded abrasive and binder, pressing the wheel to 


general size and shape, firing, and truing or finish- 
ing by grinding to exact dimensions. A high-speed 
rotation test is given to check the soundness of the 
wheel. 

Grinding wheels are specified by abrasive type, 
grain size (grit), grade or hardness, and bond 
type; in addition, the structure or porosity may be 
indicated. The term hardness as applied to a wheel 
refers to its behavior in use and not to the hardness 
of the abrasive material itself. The wheel is a three- 
component system of abrasive, bond, and air; the 
hardness is a complex function of the type and 
amount of bond, and of the density of the wheel. 

Literally thousands of types of wheels are made 
with different combinations of the above character- 
istics, not to mention the multitude of sizes and 
shapes available; therefore, selecting the best 
grinding wheel for a given job is not simple. When 
the abrasive grains of a wheel become slightly 
dulled by use, the stresses in the grinding operation 
should increase enough to tear the grain from the 
wheel to expose a new cutting grain. Thus, too soft 
a wheel wears too fast, losing grains before they are 
dulled, whereas too hard a wheel develops a smooth, 
glazed surface that will not cut. In either case, 
efficiency drops. 

Hardness tests. The hardness of materials is 
rough]) indicated by the Mohs scale in which 10 
minerals are arbitrarily selected, arranged in order 
of hardness, and numbered from 1 to 10 ( softest to 
hardest}, diamond, for example, having a hardness 
of 10. However, since this scale is not quantitative 
(for example, aluminum oxide. 9 on the Mohs 
scale, is not 10% softer than diamond), and since 
most abrasive materials fall in the region at the 
top of the sc ale, other hardness scales have been 
developed. One is the Knonp indentation test, in 
which a diamond pyramid of spec ified shape is 
pressed under a definite load into the material to 
he tested; the size of the indentation i* taken as a 
measure of the material's hardness. Srr Hardness 
SCALES. 

Ceramic cutting tools are generally made of alu- 
minum oxide by hot-pressing and grinding to final 
size. .See Ceramic technology; Grinding; Hon- 
ing; Lapping; Machining operations; Polish- 
ing. [M.f.M.I 

Abscission 

The process whereby a plant cuts off and sheds one 
of its parts. Leaves, flowers, reeds, and fruits are 
parts commonly abscised, llut almost an\ plant 
pari, from very small buds and bracts to branches 
several inches in diameter, may he abscised by one 
or another species. Some species show little or no 
ahscission. 

Where it occurs, abscission appears to he of 
value to the plant in several ways. It can he a proc- 
ess of self-pruning, removing injured, diseased, or 
senescent parts from the plant. It permits the dis- 
pel sal of seeds and other reproductive structures. 
It may serve an excretory function by the removal 
of parts in which wastes have accumulated. 
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Diagram of the leaf base of cotton showing the ab- 
scission zone and some of the anatomical changes as- 
sociated with abscission. Cell divisions (A) precede 
the actual separation (B), which takes place by the 
splitting of pairs of recently divided cells. Cell division^ 


continue on the proximal side of the abscission zone 
(C) to form a protective layer. (After F. T. Addicotf 
and R. 5. Lynch , Defoliation and desiccation: harvest - 
aid practices, Advances in Agron., 9:67—93, 1957) 


In most plants, the process of abscission is 
restricted to an abcission zone at the base of an 
organ; here separation is brought about by the 
disintegration of the walls of a special layer of 
cells. This may require only a matter of minutes in 
some flowers, but most plants require several days 
for completion of the process. The layers of the 
abscission zone which remain on the plant com- 
monly develop into a corky tissue protecting under- 
lying tissues. 

In many instances abscission can be considered a 
correlation phenomenon. For example, the abscis- 


sion of flower petals often follows closely after 
pollination and fertilization but may be retarded 
more or less indefinitely if pollination or fertiliza- 
tion is prevented. Another type of correlation is 
common in the evergreen trees, such as the avocado, 
cork oak, and camphor tree. With these, the major 
flush of leaf abscission follows closely after the 
appearance of new buds and leaves in the spring. 

Agricultural regulation. Agricultural regula- 
tion of abscission by means of chemicals has be- 
come an important practice. Chemical growth regu- 
lators such as napthaleneacetic acid are used to de- 





10b Absolute zsro 


lay abscission of leaves, fruits, and other plant 
parts. Most notable among these applications is 
the spraying of apple orchards to prevent the pre- 
harvest drop of fruit, which causes serious losses 
in certain varieties. Other chemicals are used to 
accelerate abscission, including calcium cyanain- 
ide, magnesium chlorate, and tributyl phosphoro- 
trithioite. Defoliation of cotton plants is widely 
practiced in the United States, as it facilitates 
mechanical harvest. In some regions defoliation of 
young nursery plants is used to permit early dig- 
ging and shipping. Similar chemicals are used to 
thin fruit from certain varieties of apples and 
peaches and to remove young fruits from orna- 
mentals such as horse chestnut, ratal pa, and honey 
locust. 

Factors affecting abscission. Abscission is af- 
fected by a number of environmental and internal 
factors. It can be initiated, accelerated, or both by 
extremes of temperature, such as frost; extremes 
of moisture, such as drought or flooding; deficiency 
of mineral elements in the soil, particular!) nitro- 
gen, calcium, magnesium, potassium, and zinc; 
shortening photoperiod in the fall; oxygen con- 
centrations above 20 % ; unsat urated hydrocarbon 
chemicals, such as ethylene and acetylene; and 
other toxic chemicals, such as the defoliants men- 
tioned above. Abscission can be inhibited or re- 
tarded by excessive nitrogen from the soil, high 
carbohydrate levels in the plant, oxygen concen- 
trations below 20%. and application of auxinlike 
chemicals. 

Hormones. Although a number of internal chemi- 
cal changes regularly precede the abscission of an 
organ, only a few of the changes, at most, appear 
to be directly related to the process of abscission. 
Of the changes, a decrease in the level of the 
hormone auxin appears to be the most important. 
Other experiments have shown that while auxin ap- 
plied to the distal (organ) side pf an abscission 
zone retards abscission, auxin applied to the proxi- 
mal (stem) side accelerates abscission. From this 
and related evidence it is considered that the 
gradient of auxin across the abscission zone is the 
principal internal factor controlling abscission. 
Further, most of the factors affecting abscission 
appear to act through effects on the auxin gradient. 

An abscission-accelerating hormone has been 
found in senescent leaves and in young cotton fruits 
about to be abscised. The hormone has been chemi- 
cally isolated and named abscisin, but its chemical 
structure has not yet been determined. It appears 
to function by inhibiting the action of auxin. 

Gibberellic acid is a growth hormone which in- 
fluences a number of plant processes, including 
abscission. When applied to young fruits or to ma- 
ture leaves, it tends to promote growth and delay 
senescence and thereby indirectly prevent or at 
least delay abscission. However, when applied di- 
rectly to excised abscission zones it accelerates 
abscission. It is probable that the function of 
auxin in controlling abscission is modified and 
regulated bv interactions with abscisin and with 
gibberellic acid. Another endogeneous sub tames 


ethylene, may also be involved. This substance, a 
potent accelerator of abscission, appears to act by 
increasing the inactivation of auxin within the 
plant. See Gibberellin. 

In agricultural practice, retardation of abscis- 
sion is obtained by applying growth regulators or 
employing cultural methods which maintain a high 
auxin gradient at the abscission zones, thus tend- 
ing to inhibit or retard abscission. Acceleration of 
abscission is ohtained by applying toxic chemi- 
cals or employing cultural methods which lower the 
auxin gradient at the ubscission zones, thus initiat- 
ing abscission. See Plant hormones. | f.t.a.] 

Bibliography : F. T. Addicott, The Physiology of 
Abscission, in W. Ruhland (ed.). Encyclopedia of 
Plant Physiology , vol. 15, 1%1; F. T. Addicott and 
R. S. Lynch. Defoliation and desiccation: harvest- 
aid practices. Advances in Agron 9:67-93, 1957; 
H. B. Tukey (ed.). Plant Regulators in Agricul- 
ture, 1954. 

Absolute zero 

The lowest temperature on the scientific tempera- 
ture scale. Like all other similar scalar quantities, 
the absolute temperature scale starts at zero and 
has arbitrary but convenient units going on up to 
high temperatures. Gross matter, which is in com- 
plete thermal equilibrium with all of its subdivided 
parts, has a property called its temperature, and 
this is measured in degrees Kelvin (°KL A con- 
venient and readily reproducible fixed point on this 
temperature scale is the triple point of pure water 
(an equilibrium mixture of ire , water, and water 
vapor) defined as 273.16°K. Some other values of 
interest (as constant temperature baths) spread 
along the temperature scale are given below: 


Gas 

Boiling point , °K 

He* 

4.2 


20.4 

N s 

77.3 

o 2 

90.1 

G.H, 

169.3 


226.1 

There are several convenient thermometers to 
measure this low temperature range, but none can 

do the impossible 

of indicating the absolute zero of 

temperature. 0°K. 

because that temperature cannot 


be reached. It is possible to measure the tempera- 
ture dependence of the magnetization of a system 
of electrons (or of nuclei) in gross matter; tem- 
peratures as low as 2 X 10 *°K have been reported. 

The accepted standard thermometer for measur- 
ing the temperature scale is the gas thermometer, 
which uses the equation 

PV « NkT 4* correction terms 

In the above equation P is the pressure in dynes 
per square centimeter, V is the volume in cubic 
centimeters, N is the number of molecules, k is 
Boltzmann's constant (1.38 X 10~ l< * erg/°K), and 
T is the absolute temperature in degrees Kelvin. 
The correction terms, which are temperature de- 
pendent, are caused by weak electric fields between 



the molecule**. These inlermolecular forces lead to 
gas liquefaction at low temperature; the pressure 
of the vapor then decreases exponentially with de- 
crease in temperature. Even if the volume con- 
tained so little gas that the liquid or solid phase 
did not appear in macroscopic quantities, the vapor 
pressure would fall to zero as the temperature ap- 
proaches 0°K because of adsorption of the mole- 
cules on the walls of the vessel. 

The properties of matter at the absolute zero of 
temperature are always extrapolated from physical 
measurements made on them at available tempera- 
tures such as 1°K or even 0.01 °K. Such studies 
have led to a statement of the third law of thermo- 
dynamics. The entropy of a system tends to a con- 
stant So as the temperature of the system is made 
to approach 0°K. The value of So may be set equal 
to zero for many systems. One popular error is to 
regard the absolute zero of temperature as charac- 
terized bv the complete absence of motion or of en- 
ergy of the system. The atoms in a solid, perhaps 
10 cm' 1 in volume, have considerable energy locked 
into the lowest allowed energy states of vibration, 
even at 0°K. .See Cryogenics; Entropy; Kinktm. 

riVF.ORY OF MATTER; I.OW-TFM PHHAITRE PHYSICS; 

Temperature; Thermodynamics ( chemicai.). 

k.K.S.l 

Bibliography: H. C. Wolfe fed.). Temperature: 
Its Measurement and Control in Science and Indus- 
try. vol. 2. lq.Ti. 

Absorption 

This term can be defined in two wavs: (1 ) the tak- 
ing up of matter in bulk bv other matter, as in the 
dissolving of a gas bv a liquid: (2) the taking up 
of energy from radiation bv the medium through 
which the radiation is passing. In the first case, an 
absorption coefficient is defined as the amount of 
ga* dissolved at standard conditions bv 1 cm** 1 of the 
solvent. Absorption in this sense is a volume effect: 
the absorbed substance permeates the whole of 
the absorber. In absorption of the second type, at- 
tenuation is produced which in rnanv cases follows 
Lambert's law and adds to the effects of scattering 
if the latter is present. See Attenuation; Scat- 
tering ( ELECTROMAGNETIC RADIATION ). 

Absorption of electromagnetic radiation can oc- 
cur in several wavs. For example, microwaves in a 
wave guide lose energy to the walls of the guide: 
for non perfect conductors, the wave penetrates the 
guide surface and energy in the wave is transferred 
to the atoms of the guide. Light is absorbed by 
atoms of the medium through which it passes, and 
in some cases, this absorption is quite distinct..-: 
selected frequencies front a heterochromatic 
source are strongly absorbed, as in the absorption 
spectrum of the sun. Electromagnetic radiation can 
he absorbed by the photoelectric effect, where the 
light quantum is absorbed and an electron of the 
absorbing atom is ejected, and also by Compton 
scattering (see Compton effect; Piiotoemis- 
sion). Electron-positron pairs may be created by 
the absorption of a photon of sufficiently high 
energy. See Pair production (f.i.ectron-posi- 
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tron). Photons can be absorbed by photoproduc- 
tion of nuclear and subnuclear particles, analogous 
to the photoelectric effect. See Absorption (elec- 
tromagnetic radiation). 

Sound waves are absorbed at suitable frequen- 
cies by particles suspended in the air (wavelength 
of the order of the particle size), where the sound 
energy is transformed into vibrational energy of 
the absorbing particles. See Absorption (sound). 

Absorption of energy from a beam of particles 
can occur by the ionization process, where an elec- 
tron in the medium through which the beam passes 
is removed by the beam particles. The finite range 
of protons and a-particles in matter is a result of 
this process. In the case of low-energy electrons, 
scattering is as important as ionization, so that 
range is a less well-defined concept. Particles 
themselves may he absorbed from a beam. For ex- 
ample. in a nuclear reaction an incident particle X 
is absorbed into nucleus K, and the result may be 
that another particle Z, or a photon, or particle X 
with changed energy comes out (see Nuclear re- 
action). Low-energy positrons are quickly ab- 
sorbed by annihilating with electrons in matter to 
yield two y-rays. [m.h.h.] 

Absorption (electromagnetic radiation) 

The process whereby the intensity of a beam of 
electromagnetic radiation is attenuated in passing 
through a material medium by conversion of the 
energy of the radiation to an equivalent amount of 
energy which appears within the medium: the radi- 
ant energy is converted into heat or some other 
form of molecular energy. A perfectly transparent 
medium permits the passage of a beam of radiation 
without any change in intensity other than that 
caused bv the spread or convergence of the beam, 
and the total radiant energy emergent from such a 
medium equals that which entered it. whereas the 
emergent energy from an absorbing medium is less 
than that which enters, and, in the case of highly 
opaque media, is reduced practically to zero. 

No known medium is opaque to all wravelengths 
of the electromagnetic spectrum, which extends 
from radio waves, whose wavelengths are measured 
in kilometers, through the infrared, visible, and ul- 
traviolet spectral regions, to x- and y-rays. of wave- 
lengths down to 10 11 cm ($ee Electromagnetic 
radiation). Similarly, no medium is transparent 
to the whole electromagnetic spectrum. A medium 
which absorbs a relatively wide range of wave- 
lengths is said to exhibit general absorption, while 
a medium which absorbs only restricted wave- 
length regions of no great range exhibits selective 
absorption for those particular spectral regions. 
For example, the substance pitch shows general 
absorption for the visible region of the spectrum, 
hut is relatively transparent to infrared radiation 
of long wavelength. Ordinary window glass is 
transparent to visible light, but shows general ab- 
sorption for ultraviolet radiation of wavelengths 
below about 3100 A. while colored glasses show 
selective absorption for specific regions of the visi- 
ble spectrum. The color of objects which are not 
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self-luminous and which art* seen by light reflected 
or transmitted by the object is usually the result of 
selective absorption of portions of the visible spec- 
trum (see Coi.ok). Many colorless substances, 
such as benzene and similar hydrocarbons, selec- 
tively absorb within the ultraviolet region of the 
spectrum, as well as in the infrared. 

Laws of absorption. The capacity of a medium 
to absorb radiation depends on a number of fac- 
tors, mainly the electronic and nuclear constitu- 
tion of the atoms and molecules of the medium, 
the wavelength of the radiation, the thickness of 
the absorbing layer, and the variables which deter- 
mine the state of the medium, of which the most 
important are the temperature and the concentra- 
tion of the absorbing agent. In special cases, ab- 
sorption may be influenced by electric or magnetic 
fields (.see Stark f.ffrc.t: Zkkman kffkci \. The 
state of polarization of the radiation influences the 
absorption of media containing certain oriented 
structures, such as crystals of other than cubic 
symmetry. 

Lambert’s law. Lambert's law. also called Bmi- 
guer’s law or the I.ambert-Bouguer law. expresses 
the effect of the thickness of the absorbing medium 
on the absorption. If a homogeneous medium is 
thought of as being constituted of Livers of uni- 
form thickness set norrnallv to the beam, each 
layer absorbs the same fraction of the radiation in- 
cident on it. If / is the intensity to which a mono- 
chromatic parallel beam is attenuated after trav- 
ersing a thickness d of the medium, and /,* is the 
intensifv of the beam at the surface of incidence 
< corrected for l«*s> bv reflection from this surface), 
the variation of intensity throughout the medium i" 
expressed by the exponential equation. 

/ = /of — 1 <D 

in which a is a constant for the medium called the 
absorption coefficient. The exponential relation can 
he expressed in an equivalent logarithmic form: 

log,,. (/„ I) - l«1.303W/ = kd (2) 

where k = or 2.303 is t ailed the extinction coeffi- 
cient for radiation of the wavelength considered. 

Equation (2) shows that as monochromatic radi- 
ation penetrates the medium, the logarithm of the 
intensity decreases j n direct proportion to the 
thickness of the layer traversed. If experimental 
values for the intensity of thp light emerging from 
layers of the medium of different thicknesses are 
available ( corrected for reflection losses at all re- 
flecting surfaces), the value of the extinction co- 
efficient can he readily computed from the slope of 
the curve representing the logarithms of the emer- 
gent intensities as functions of the thickness of the 
layer. 

Equations (I) and (2) show that the absorption 
and extinction coefficients have the dimensions of 
reciprocal length. The extinction coefficient is 
equal to the reciprocal of the thickness of the ab- 
sorbing layer required to reduce the intensity to 
one-tenth of its incident value. Similarly, the ab- 


sorption coefficient is the reciprocal of the thick- 
ness required to reduce the intensity to 1/e of the 
incident value, where e is the base of the natural 
logarithms. 2.718. 

Beer's law . This law refers to the effect of the 
concentration of the absorbing medium, that is. the 
mass of absorbing material per unit of volume, 
on the absorption. This relation is of prime im- 
portance in describing the absorption of solutions 
of an absorbing solute, since the solute’s concen- 
tration may he varied over wide limits, or of gases, 
the concentration of which depend" on the pres- 
sure. According to Beer's law. each individual 
molecule of the absorbing material absorbs the 
same fraction of the radiation incident upon it, 
no vnattei whether the moieeules are closely 
packed in a concentrated solution or highly dis- 
persed in a dilute solution. The relation between 
the intensity of a parallel monochromatic beam 
which emerges from a plane parallel layer of ab- 
sorbing solution of constant thickness and the eon- 
centration of the solution i" an exponential one. of 
the same form as the relation between intensity 
and tliii knes-s expressed l»v I amhert's law. The ef- 
fects of thickness d and c oncentration > on absorp- 
tion of monochromatic radiation can therefore he 
combined in a single mathematical expression 

/ ~ /, ( e * Id! 

in which k* is a constant foi a given absorbing -u 1 »- 
stance (at constant wavelength and temperature), 
independent of the a< tual concent i at ion o| solute* 
in the dilution. In logarithms, the relation Im oinev 

logo, l /o l) ■ \ k' 2.dl)dic// - ad (1) 

The values of the constant? k' and » in Eqs. (di 
and i Vi depend on the units of corn entration. If 
the concentration of the solute* i» expressed in 
nudes per liter, the constant < i* < ailed the molar 
extinction coefficient. Some authors employ the 
symbol r/|/, called the tnolai ah*oi bailee index, in- 
stead of t . 

It Beer's law is adhered to. the molai extinction 
coefficient does not depend on the concentration of 
the absorbing solute, hut usually changes with the 
wavelength of the ladiation. with the temperature 
of the solution, and with the solvent. 

The dimensions of the molar extinction coeffi- 
cient are reciprocal concentration multiplied hv 
reciprocal length, the usual units being liters 
(mole) (uni, If Beer’s law is true for a particular 
solution, the. {dot of log (/ o // ) against the con- 
centrations for solutions of different concentra- 
tions. measured in cells of constant thickness, will 
yield a straight line, the slope of which is equal to 
the molar extinction coefficient. 

While no true exceptions to Lambert's law are 
known, exceptions to Beer’s law are not uncom- 
mon. Such exceptions arise whenever the moleculur 
state of the absorbing solute depends on tbe con- 
centration. For example, in solutions of weak elec- 
trolytes, the ions and undissociated molecules of 



which absorb radial iqn differently, the changing 
ratio between ions and undissociated molecules 
brought about by changes in the total concentra- 
tion prevents solutions of the electrolyte from 
obeying Beer’s law. Aqueous solutions of dyes 
frequently deviate from the law because of dimeri- 
zation and more complicated aggregate formation 
as tbe concentration of dye is increased. For a defi- 
nition of dimerization, .see Mole<tiar associa- 
tion. 

Absorption measurement. The measurement of 
the absorption of homogeneous media is usually 
accomplished bv absolute or comparative measure- 
ment*' of the intensities of the incident and trans- 
mitted beams, with corrections for anv loss of radi- 
ant energy caused by processes other than 
absorption. The most important of these losses is 
b\ reflection at the \arious surfaces of the absorb- 
ing lavrr and of vessels which mav contain the me- 
dium. if the medium is liquid or gaseous. Such 
hisses are usuallv automat icall\ compensated for 
h\ the method of measurement employed face 
Si’hi TROPMOTOMF.rnn analysis!. Losses bv re- 
flection not compensated for in this manner mas 
hr computed from Fresnel's laws of reflection. See 
Hm.KfTinN I El Ff TROM ALNLTIC RADIATION). 

Scattering. Absorption of electromagnetic ra- 
diation should be distinguished from the phenome- 
non of si a!te*-ing which occurs during the passage 
of radiation through inhomogeneous media. Kadi 
aril energv which traverses media constituted of 
small regions of refract i\c index different from 
that of flu* r e*-f of flu* medium is diserled lateralis 
from the direction of the ineident beam. The di- 
verted radiation gives rise to the lia/v or npaies. 
icnt appearance characteristic of such media, ex- 
emplified hs smoke, mist. opal, and sn on. If the 
• enters of inhomogeneits are sufficirntlv dilute, the 
intensits of a parallel beam diminished in its 
pass.jirc through the medium because of the side- 
wise scattering, according to a law of the -arm* 
form as the Larnhei t-Bougucr law for absorption. 

/ - hr (M 

where / is the intensits of the priinarv beam of ini- 
tial intensity /,,. after it has unversed a distance <1 
through the scattering medium. The coeftic ient t. 
called the turhidits of the medium, plavs the same 
part in weakening the primary beam bv scattering 
as does the absorption coefficient in true absorp- 
tion. However, in true scattering, no loss of total 
radiant energv takes place, energv lost in the di- 
rect inn of the primary beam appearing in the radi- 
ation seatiered in other directions. In some inho- 
mogeneous media, both absorption and scattering 
occur together. .See Scattering ( i i.m trom ai;- 
netk: radiation ). 

Physical nature of absorption. Absorption of 

radiation bv matter always involves the hiss of en- 
ergy by the radiation and a corresponding gain in 
energy by the atoms or molecules of the medium. 

The energv of an assembly of gaseous atoms 
consists partly of kinetic energy of tbe transla- 
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tional motion which determines the temperature of 
tbe gas (thermal energy), and partly of internal 
energy, associated with the binding of the extranu- 
cleur electrons to the nucleus, and with tbe binding 
of the particles within tbe nucleus itself. Molecules, 
composed of more than one atom, have, in addition, 
energy associated with periodic rotations of the 
molec ule a whole and with oscillations of the 
atoms within the molecule with respect to one an- 
other. 

The energv absorbed from radiation appears as 
inc reased internal energy, or in increased vibra- 
tional and rotational energy of the atoms and mole- 
cule's of the absorbing medium. As a general rule, 
translational energy is not directly increased by 
absorption of radiation, although it may be indi- 
rectly increased by degradation of electronic en- 
ergv or bv conversion of rotational or vibrational 
energy to that of translation bv intermoleeular 
collisions. 

Quant uni theory. In order to construct an ade- 
quate theoretical description of the energy rela- 
tions between matter and radiation, it has been 
necessary to amplifv the wave theory of radiation 
by the quantum theorv. according to which the en- 
ergy in radiation occurs in natural units called 
quanta. The value of the energy in these units, ex- 
preyed in ergs or calories, for example, is the 
same for all radiation of the s a me wavelength, but 
differs for radiation of different wavelengths. The 
energv E in a quantum of radiation of frequency 
r i where ihe frequency is equal to the velocity of 
the radiation in a given medium divided by its 
wavelength in the same medium) is directly pro- 
portional to ihe frequency, or inversely propor- 
tional to the wavelength, according to the relation 

K — h v f 6 ) 

where h is a universal constant known as Planck’s 
constant. The value of h is 6.62 X 10 - 7 erg-sec. 
and it i is expressed in sec \ E is given in ergs 
per cpii.i Mini. See Qi antlm mechanics. 

The most energetic* tvpe of change that can oc- 
cur *'i an atom involves the nucleus, and increase 
of nuc lear energy bv absorption therefore requires 
quanta of ver\ high energv. that is, of high fre- 
quency or low wavelength. Such ravs are the 
y-ravs. whose wavelength varies downward from 
10 " ri.j. Next in energy are the electrons nearest 
to the nucleus and therefore the most tightly 
hound. These electrons can he excited to states of 
higher energv bv absorption of x-rays, whose range 
in wavelength is from about 10 7 to 10 '* cm. Less 
energv is required to excite the more loosely hound 
valence electrons. Such excitation can he accom- 
plished by the absorption of quanta of visible radi- 
ation ( wavelength 7 X 10 r ’ cm for red light to 
4 X 10 *'■ cm for blue) or of ultraviolet radiation, 
of wavelength down to about 10 7 cm. Absorption 
of ultraviolet radiation of shorter wavelengths, 
down to those on the border of the x-ray region, ex- 
cites electrons hound to the nucleus with interme- 
diate strength. 
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The absorption of relatively low-energy quanta 
of wavelength from about 10 4 to 10 "* cm suffices 
to excite vibrating atoms in molecules to higher 
vibrational states, while changes in rotational en- 
ergy, which are of still smaller magnitude, may he 
excited by absorption of radiation of still longer 
wavelength, from the short-wavelength radio re- 
gion of about 1 cm to long-wavelength infrared ra- 
diation. some hundredths of a centimeter in wave- 
length. 

Cases. The absorption of gases composed of 
atoms is usually verv selective. For example, mon- 
atomic sodium vapor absorbs very strongly o\er 
two narrow wavelength regions in the yellow part 
of the visible spectrum (the so-called D lines), and 
no further absorption by monatomic sodium vapor 
occurs until similar narrow' lines appear in the 
near ultraviolet. The valence electron of the sodium 
atom can exist only in one of a series of energy 
states separated bv relatively large energy inter- 
vals between the permitted values, and the sharp- 
line absorption spectrum results from transitions 
of the valence electron from the lowest energ\ 
which it may possess in the atom to various ex- 
cited levels. Line absorption spectra are charac- 
teristic of monatomic gases in general. See Atomic 
STRUCTURE AND SPECTRA. 

The visible and ultraviolet absorption of vapor* 
composed of diatomic or polyatomic molecules is 
much more complicated than that of atom*. A* for 
atoms, the absorbed energy is utilized mainly in 
raising one of the more loosely bound electrons to 
a state of higher energy, but the electronic excita- 
tion of a molecule is almost always accompanied 
by simultaneous excitation of many modes of vi- 
bration of the atoms within the molecule and of 
rotation of the molecule as a whole. As a result, 
the absorption, which for an atom i* concentrated 
in a very sharp absorption line, become- spread 
over a considerable spectral region, often in the 
form of bands. Each band corresponds to excita- 
tion of a specific mode of vibration accompanying 
the electronic change, and each hand may be com- 
posed of a number of very fine lines close together 
in wavelength, each of which corresponds to a spe- 
cific rotational change of the molecule accompany- 
ing the electronic and vibrational changes. Band 
spectra are as characteristic of the absorption of 
molecules in the gaseous state, and frequently in 
the liquid state, as line spectra are of gaseous 
atoms. See Molecular structure and spectra. 

Liquids. Liquids usually absorb radiationjn the 
same general spectral region as the correspond- 
ing vapors. For example, liquid water, like water 
vapor, absorbs infrared radiation strongly i vibra- 
tional transitions), is largely transparent to visi- 
ble and near ultraviolet radiation, and begins to 
absorb strongly in the far ultraviolet. A universal 
difference between liquids and gases is the dis- 
turbance in the energy states of the molecules in a 
liquid caused by the great number of intermolecu- 
lar collisions; this has the effect of broadening the 
very fine lines observed in the ahsorption spectra 


of vapors, so that sharp line structure disappears 
in the absorption bands of liquids. 

Solids . Substances which can exist in solid, liq- 
uid, and vapor states without undergoing a tem- 
perature rise to very high values usually absorb in 
the same general spectral regions for all three 
states of aggregation, with differences in detail be- 
cause of the intermolecular forces present in the 
liquid and solid (see Intermolecular forces). 
Crystalline solids, such as rock salt or silver chlo- 
ride. absorb infrared radiation of long wavelength, 
which excite* vibrations of the electrically charged 
ion* of which the*e salts are composed, and they 
are transparent to infrared radiutions of shorter 
wavelength*. In colorle** solids, the valence elec- 
tron* are too tightlv bound to the nuclei to be ex- 
cited by visible radiation, but all solids absorb in 
the near or far ultraviolet region. 

The use of solids a* components of optical in- 
strument* is re*tricted bv the spectral region* to 
which thev are transparent. Crown glass, while 
showing excellent transparency for visible light 
and for ultraviolet radiation immediately ml join- 
ing the visible region, becomes opaque to radiation 
of wavelength about 3000 A and shorter, and is 
also opaque to infrared radiation longer than 
about 20.000 A in wavelength, (.hiarl/ is transpar- 
ent down to wavelengths about 1800 A in the ultra- 
violet. and to about 40.000 A in the infrared. The 
most generally useful material foi pri*rn* and win- 
dows for the near infrared region rock salt, 
which i* highly transparent out to about 150.000 A 
(IS n ). For a detailed discussion of the properties 
of optical glass, see OiTM \i maihuw.s. 

Fluorescence. The energy acquired bv mattei 
bv absorption of visible or ultraviolet radiation, al 
though primarily used to excite electrons to higher 
energv states, ijsiiallv ultimutclv appear* a* in- 
creased kinetic energv of the molecules, that is. a* 
heat. It mav, however, under special < in iimstam cs. 
he reemitted as electromagnetic radiation. Fluo- 
rescence i* the reernissjon. a* radiant energv. of 
absorbed radiant energv. normullv at wavelengths 
the same as or longer than those absorbed. The re- 
emission, as ordinarily observed, ceases immedi- 
ately when the exciting radiation is shut off. Re- 
fined measurement* show that the fluorescent re- 
emission persist*, in different case*, for period* of 
the order of 10 ’* to 10 '■ *ec. The simplest case of 
fluorescence is the resonance fluorescence of mon- 
atomic gases at low pressure, Mich as sodium or 
mercury vapors, in which the reeinitted radiation is 
of the same wavelength as that absorbed. In this 
case, fluorescence is the converse of absorption: 
absorption involves the excitation of an electron 
from its lowest energy state to a higher energy 
state by radiation, while fluorescence i* produced 
by the return of the excited electron to the lower 
state, with the emission of the energy difference 
between the two states as radiation. The fluores- 
cent radiation of molecular gases and of nearly 
all liquids, solids, and solutions contains a large 
component of wavelengths longer than those of the 



absorbed radiation, a relationship known as Stokes’ 
law of fluorescence. In these eases, not all of 
the absorbed energy is reradiated, a portion re- 
maining as heat in the absorbing material. The 
fluorescence of iodine vapor is easily seen on pro- 
jecting an intense beam of visible light through an 
evacuated bulb containing a few crystals of iodine, 
but the most familiar examples are provided by 
certain organic compounds in solution, such as 
cpiinine sulfate, which absorbs ultraviolet radia- 
tion and reemits blue, or fluorescein, which ab- 
sorbs blue-green light and fluoresces with an in- 
tense. bright green color. .See Fluorescence. 

Phosphorescence. The radiant reemission of ab- 
sorbed radiant energy at wavelengths longer than 
those absorbed, for a readily observable interval 
after withdrawal of the exciting radiation, i* called 
phosphorescence. The interval of persistence, de- 
termined by means of a phosphoroscope. usually 
varies from about 0.001 sec to several seconds, but 
some phosphors mav be induced to phosphores- 
cence bv beat davs or months after the exciting 
absorption. An important and useful class of phos- 
phors is the impurity phosphor^, solids such as 
the sulfides of /.ine or calcium which are activated 
to the phosphorescent state by incorporating mi- 
nute amounts of foreign material f called activa- 
t oi s | . such as salts of manganese or silver. So- 
called fluoi ■< i ,i lamps contain a coating of im- 
puritv phosphor on their inner wall, which, after 
absorbing ultraviolet radiation produced by pas- 
sage of an electrical discharge through mercury 
vapor in the lamp, reemits visible light. The re- 
ceiving screen c»f a television tube contain* a simi- 
lar coating, excited not bv radiant energy but bv 
the impact of a stream of electrons on the surface. 
>ee I'HOsrltniU.sf 1 \CK. 

Luminescence. Phosphorescence and fluores- 
cence are special cases of luminescence, which is 
defined as light emission that cannot he attributed 
inerelv to the temperature of the emitting hodv. 

I uminescence mav be excited by beat l thermo- 
lumineseence) . bv electricity I electrolumines- 
cence). bv chemical reaction (chemilumines- 
cence |. or bv fric tion ( tribolumine*ccnce I , as well 
as bv radiation. .See I.i mim.sckm k. 

Dispersion. A transparent material does not ab- 
stract energy from radiation which it transmits, 
but it alwa>s decreases the velocity of propagation 
of simh radiation. In a vacuum, the velocity of ra- 
diation is the same for all wavelengths, but in a 
material medium, the velocity of propagation 
varies considerably with wavelength. The n ■•ac- 
tive index u of a medium i« the ratio of the veloc- 
ity of light in vacuum to that in the medium, and 
the effect of the medium on the velocity of radia- 
tion which it transmits is expressed by the varia- 
tion of refractive index with the wavelength A. of 
the radiation, dp 'd\. This variation is called the 
dispersion of the medium. For radiation of wave- 
lengths far removed from those of absorption bands 
of the medium, the refractive index increases regu- 
larly with decreasing wavelength or increasing fre- 
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fluency ; the dispersion is then said to be normal. 

In regions of normal dispersion, the variation of 
refractive index with wavelength can be expressed 
with considerable accuracy by the relation 

f,m ' /+ £ + § (7) 

known as Cauchy’s equation, in which A, ft, and C 
are constants with positive values. As an approxi- 
mation. C may be neglected in comparison with A 
and ft, and the dispersion. d//./dA, is then given by 


dp _ -2ft 
dX " A * 


( 8 ) 


Thus, in region* of normal dispersion, the disper- 
sion is approximately inversely proportional to the 
cube of the wavelength. 

Dispersion by a prism. The refraction, or bend- 
ing. of a ru> of light which enters a material me- 
dium obliquely from vacuum or air (the refractive 
index of which for visible light is nearly unity) is 
the result of the diminished rate of advance of the 
wavefronts in the medium. Since, if the dispersion 
is normal, the refractive index of the medium is 
greater for violet than for red light, the wavefront 
of the \ inlet light is retarded more than that of the 
red light. Hence, white light entering obliquely 
into the medium is converted within the medium to 
a continuously colored band, of which the red is 
least deyiuted from the direction of the incident 
beam, flic violet most, with orange, yellow, green, 
and blue occupying intermediate positions. On 
emergence of the beam into air again, the colors 
remain separated. The action of the prism in re- 
solving white light into its constituent colors is 
called color dispersion. See Prism, optical; Rl- 

h RUTHIN oi- WAVES. 

The angular dispersion of a prism is the ratio. 
dff d A. of the difference in angular deviation dO 
of two rays of «lightl\ different wavelength which 
pa** through the prism to the difference in wave- 
length i/A when the prism is set for minimum devi- 
ation. 

The angular dispersion of the prism is the prod- 
uct of two factor*, the variation. dO dp, of the devi- 
ation 0 with refractive index /i. and the variation 
uf refract he index with wavelength. 


dB _ dd dp 
r/A dp d\ 


(9) 


The latter quantity is the dispersion of the mate- 
rial of which the prism is made, and depends solely 
on this material, while dO/dp. depends on the an- 
gle of incidence and the refracting angle of the 
prism. The greater the dispersion of the material 
of the prism, the greater the angular separation 
between rays of two given wavelengths as they 
leave the prism. For example, the dispersion of 
quartz for visible light is lower than that of glass; 
hence the length of the spectrum from red to violet 
formed by a quartz prism is less than that formed 
by a glass prism of equal size and shape. Also. 
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since the dispersion of colorless materials such as 
glass or quartz is greater for blue and violet light 
than for red, the red end of the spectrum formed 
by prisms is much more contracted than the blue. 

The colors of the rainbow result from dispersion 
of sunlight which enters raindrops and is refracted 
and dispersed in passing through them to the rear 
surface, at which the dispersed rays are reflected 
and reenter the air on the side of the drop on 
which the light was incident. See Rainbow. 

Anomalous dispersion. The regular increase of 
refractive index with decreasing wavelength ex- 
pressed by Cauchy’s equation breaks down as the 
wavelengths approach those of strong absorption 
bands. As the absorption band is approached from 
the long-wavelength side, the refractive index be- 
comes very large, then decreases within the band 
to assume abnormally small values on the short- 
wavelength side, values below those for radiation 
on the long- wavelength side. A hollow prism con- 
taining an alcoholic solution of the dye fuchsin, 
which absorbs green light strongly, forms a spec- 
trum in which the violet rays are less deviated 
than the red. on account of the abnormally low re- 
fractive index of the medium for violet light. The 
dispersion of media for radiation of wavelengths 
near those of strong absorption bands is said to be 
anomalous, in the sense that the refractive index 


decreases with decreasing wavelength instead of 
showing the normal increase. The theory of disper- 
sion, for which reference must be made to treatises 
such as those cited in the bibliography, shows, 
however, that both the normal and anomalous vari- 
ation of refractive index with wavelength can be 
satisfactorily described as aspects of a unified 
phenomenon, so that there is nothing fundamen- 
tally anomalous about dispersion in the vicinity of 
an absorption band. 

Normal and anomalous dispersion of quartz are 
illustrated in Fig. 1. Throughout the near-infrared, 
visible, and neur-ultraviolet spectral regions (be- 
tween P and R in curve), the dispersion is nor- 
mal and adheres closely to Cauchy’s equation, but 
it becomes anomalous to the right of R. From S 
to T, Cauchy’s equation is again valid. 

Relation to absorption . Figure 1 shows there is 
an intimate connection between dispersion and 
absorption; the refractive index rises to high values 
as the absorption band is approached from the 
long-wavelength side and falls to low values on the 
short-wavelength side of the band. In fact, the the- 
ory of dispersion shows that the complete disper- 
sion curve as a function of wuvelength is governed 
by the absorption bands of the medium. In classical 
electromagnetic theory, electric charges are re- 
garded to oscillate, each with its appropriate natu- 



Fig. 1. Anomalous dispersion of quarfz. A is limiting kins and H. E. White , Fundamentals of Optics , 3d ed . 
value of /x as A approaches infinity. (From F. A. Jen- McGraw-Hill, 1957) 





ral frequency v 0 , ahofit positions of equilibrium 
within atoms or molecules. Placed in a radiation 
field of frequency i\ the oscillator in the atom is 
set into forced vibration, with the same frequency 
as that of the radiation. When v is much lower or 
higher than i'o, the amplitude of the forced vibra- 
tion is small, but the amplitude becomes large 
when the frequency of the radiation equals the 
natural frequency of the oscillator. Fn much the 
same way, a tuning fork is set into vibration by 
sound waves corresponding to the same note 
emitted by another fork vibrating at the same fre- 
quency (see Sympathetic vibration). To account 
for the absorption of energy bv the medium from 
the radiation, it is necessary to postulate that in 
the motion of the atomic oscillator some frictional 
force, proportional to the velocity of the oscillator, 
must be overcome. For small amplitudes of forced 
oscillation, when the fiequency of the radiation is 
very different from the natural period of the oscil- 
lator. the frictional force and the absorption of en- 
ergy are negligible. Near resonance between the 
radiation and the oscillator, the amplitude be- 
comes huge, with a correspondingly large absorp- 
tion of energy to overcome the frictional resist- 
ance. Radiation of frequencies near the natural 
frequency therefore correspond* to an absorption 
band. 

To show *b,< velocity of the radiation within 
the medium is changed, it is necessary to consider 
the phase of the forced vibration, which the theory 
shows to depend on the frequency of the radiation. 
The oscillator itself becomes a source of secondary 
radiation waves within the medium which combine 
to form sets of waves moving parallel to the origi- 
nal waves. Interference between the secondary and 
primary waves takes place, and because the phase 
of the secondary waves, which is the same as that 
of the atomic* oscillators, is not the same as that of 
the* primary waves, flu* wave motion resulting from 
the intcrfei cncc between the two sets of waves is 
different in phase from that of the primary waves 
incident on the medium. Hut the velocity of propa- 
gation of the wave, i** the rate of advance of equal 
phase; hence the phase change effected by the me- 
dium. whic h is different for eac h frequency of ra- 
diation. is equivalent to a chance in the velocity of 
the radiation within the medium. When the fre- 
quency of the radiation slightly exceeds the natu- 
ral frequency of tin* oscillator, the radiation and 
the oscillator become 180° out of phase, which 
corresponds to an increase in the velocity of the 
radiation and accounts for the observed fall i. re- 
fractive index on the short-wavelength side of the 
absorption hand. 

F igure 2 shows schematically how the dispersion 
curve is determined by the absorption hands 
throughout the whole electromagnetic spectrum. 
The dotted portions of the curve correspond to ab- 
sorption hands, each associated w f ith a distinct 
type of electrical oscillator. The oscillator* excited 
by x-rays are tightlv hound inner electrons; those 
excited by ultraviolet radiation are more loosely 
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Fig. 2. Complete dispersion curve for a substance. 
{From F. A. Jenkins and H. E. White , Fundamentals of 
Optics , 3d ed., McGraw-Hill , 1957 ) 


hound outer electrons which control the dispersion 
in the near- ultraviolet and visible regions, whereas 
those excited hv the longer wavelengths are atoms 
or groups of atoms. 

In quantum theory, absorption is associated not 
with the stead v oscillation of a charge in an orbit 
hut with transitions from one quantized Mate to 
another. The treatment of dispersion according to 
quantum theory is essentially similar to that out- 
lined. with the difference that the natural frequen- 
cies i'o aie now identified with the frequencies of 
radiation which the atom can absorb in undergoing 
quantum transitions. These transition frequencies 
arc regarded as virtual classical oscillators, which 
react to radiation precisely like the oscillators of 
classical electromagnetic theory. 

Selective reflection. Nonmetallic substances 
which show very strong selective absorption also 
strongly reflect radiation of wavelengths near the 
absorption band". although the maximum of reflec- 
tion i« not. in general, at the same wavelength as 
the maximum absorption. The infrared rays selec- 
tively reflected hv ionic crystals are frequently re- 
ferred to as re*tstrahlen. or residual rays. For ad- 
ditional information on selective reflec tion, see Re- 
h.ei rioN (electromagnetic radiation). [w.w.| 

Bibliography: M. Born and E. Wolf. Principles 
of Op'o-s. 1959: F. A. Jenkins and H. E. White, 
Fundanu ntals of Physical Optics , 3d ed.. 1957; 
B. Rossi. Optics . 1957: A. Sommerfeld. Lectures 
on Theoretical Physics . vol. 4. 1954: J. A. Stratton. 
Electromagnetic Theory , 1941: R. W. Wood, Phys- 
ical Optics , 3d ed.. 1934. 

Absorption (sound) 

The process hv which sound energy is diminished 
in passing through a material medium or in strik- 
ing a surface. 

Sound is absorbed by anv mechanism which con- 
verts incident sound waves into other forms of en- 
ergy and ultimately to heat. All materials used in 
building construction absorb some sound, hut those 
especially designed to have relatively high absorp- 
tion are popularly known as acoustical materials. 
Most manufactured acoustical materials depend 
largely on their porosity for their acoustic absorp- 
tion. The sound waves are converted into heat by 
propagation through the interstices of the material, 
and also by vibration of the small fibers of the ma- 
terial. Another important mechanism of absorption 
occurs when sound waves force a panel into mo- 
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tion; the resulting flexual vibration converts a 
fraction of the incident sound energy into heat. 

Absorption coefficient. When sound wuves strike 
a surface, a fraction of the incident energy is ab- 
sorbed and a fraction is reflected. The sound ab- 
sorption coefficient of a surface is the ratio of the 
energy absorbed by the surface to the energy inci- 
dent on the surface. At a given frequency, the ab- 
sorption coefficient is a function of angle of inci- 
dence. For acoustical designing in architecture it 
is convenient to use an average absorption coeffi- 
cient or which represents an average over all angles 
of incidence, and which is assumed to depend only 
on the physical characteristics of the material and 
not on the sound field. These are the values of the 
coefficient that are given in this article. 

The average value of the sound-absorption coeffi- 
cient of a material varies with frequency. Tables 
usually list values of rr at 125. 250. 5(H), 10(H). 2000, 
and 4000 cps, or at 128, 256, 512. 1024. 2048. and 
40% cps; for practical purposes these sequences 



frequency, cps 

Fig. 1 . A groph of the obsorption plotted against fre- 
quency for regularly perforated cellulose fiber acous- 
tical tile which has been spot-cemented to a rigrd sur- 
face. These data represent the average value for tiles 
of different manufacture, mounted in the same way, 
plotted for three different thicknesses. (After H . J. Sa- 
bine) 



125 250 500 1000 2000 4000 NRC 
frequency, cps 

Fig. 2. A graph of the obsorption plotted against 
frequency for fissured mineral tile. These data repre- 
sent overage values for l %n4n. tile having the same 
thickness and mounted in the same way but of differ- 
ent manufacture. (After H. S. Sabine) 


arc identical. In comparing materials that are used 
for noise- reduction purposes in offices, banks, cor- 
ridors, and so forth, a single figure called the noise- 
reduction coefficient (NRC) is sometimes used. It 
is the average of the absorption coefficients at 250, 
500, 1000, and 2000 cps, to the nearest multiple of 
0.05. 

Figures 1 and 2 give the absorption coefficient 
plotted against frequency for two types of acousti- 
cal material which are widely used. The values of 
the noise-reduction coefficients are shown to the 
right of the graphs. Values of absorption coeffi- 
cients for various types of building materials are 
given in Table 1. The approximate values of equiv- 
alent absorption of individuals and seats are given 
in Table 2. The values depend on the closeness with 
winch the individual seats are packed: that is, the\ 
are a function of the number of seats per unit area. 

Sabin. A totally absorbing surface having an area 
of >' square feet is said to have an absorption of > 
"uhins. Thus the salon, sometimes called a square- 
foot unit of absorption, is the absorption equivalent 
of ] ft ' of material having an absorption coefficient 
of unitv. 

Acoustic impedance. A quantity which describe* 
the acoustical properties of a material and which i* 
more fundamental than the absorption coefficient i- 
its acoustic impedance, defined as the complex 
ratio of sound pressure to the corresponding pat- 

Table 1. Absorption coefficients 
of general building materials* 


1 

2r> i ps 

300 rp* 

2000 . 

Nrirk vs it II, painted 

01 

02 

02 

Stone, unp.iinted 

02 

03 

0", 

Oirpet, het#v>, on concrete 

tr» 

23 

00 

Same, tO oz liairfelt under 




lav 

10 

00 

Hu 

Fabric* 




Lurid, to o / vil 7 , hung 
straight 

Medium. 1 1 oz xd*. draped 

01 

11 

30 

to half area 

Heavy, ttt oz >d*. draped 

07 

to 

W) 

to half area 

1 1 

.3.3 

70 

Floors 




F.oncrete or terraz/u 

01 

02 

02 

\\ nod 

Linoleum, asphalt. hjIiImt. 

03 

.03 

03 

or cork tile on eoncrete 

.03 

0.3 

0.3 

( till AM 

03 

03 

02 

Mnrhle or glazed file 

Openings 

.01 

01 

01 

Stage, depending on fur 
rushing* 

Deep ha Icon), upholstered 


2.3 73 


seat* 


.30 1 00 


Grills, ventilating 

Plaster, gypsum, or lime. 


13 .30 


smooth finish on tile or 
brick 

,01 

02 

01 

Same, on lath 

Plaster, gyimum or lime. 

*02 

03 

01 

rough finish on lath 

*04 

.06 

03 

WchhI paneling 

.08 

.06 

.00 


* Data from Amuiliral Material* Association 


Table 2. Absorption of seats and audience* 



Absorption, sahi 

ns per 

Almorhing ugent 

I arson or unit of seuting 


J25 cps 

500 cps 

2000 cps 

Audience, Healed, dc|>cnding 




on cliu meter of Heats 
and spacing 

1.0 2 0 

3 0 -4.3 

3.5 <*.0 

( 'hairs, met id or wood 

.15 

.17 

.20 

Wood pews 

.50 

.40 

40 

Same with cushions 
Theater and auditorium 

1.2 

1.7 

2.0 

chairs 




Wood veneer seal and hack 

.15 

.25 

.50 

lipholstered in leatherette 
Heavily upholstered in 

I r> 

1 6 

2.1 

plush or mohair 


2 5-3.0 

3 0 3 5 


* Data from Acoustical Material Association. 


tide velocity at the surface. In solving problems 
in room acoustics according to wave theory, the 
characteristics of the boundaries are usually ex- 
pressed in terms of impedances (.see Imi’KIjanck, 
AtoiN’iir). For a discussion of sound absorption 
in >ea water, .see Unpikwaiir soi nfi. .See also 
Ant IIITKCTt lt At. AtorsTMs; NoiSK CONTROL IN 

nriiniN't.s; Soinil [c.m.h.I 

Hihliograph's : C. M. Harris fed.). Handbook of 
S’oi.sv Control , 1957: P. M. Morse. Vibration and 
Sound , 191". 

Acanthocephala 

A distinct phylum of helminths, the adults of which 
arc parasitic in the alimentary canal of vertebrates. 
The\ are commonly known as the spinv-head^d 
worms. The phylum comprises the orders Archi- 
acanthocephala. Palaeacunthocephala. und Koran- 
thoeephala. Over 500 species have been described 
from all clashes of vertebrates, although more spe- 
cies occur in fish than in birds and mammals and 
only a relatively few species are found in amphib- 
ians and reptiles. Their geographical distribution 
is world- wide, hut genera and species do not have a 
uniform distribution because some species are con- 
fined to limited geographic areas. Host specificity 
is well established in some species, whereas others 
exhibit a wide runge of host tolerance. The same 
species never occurs normally, as an adult, in cold- 
blooded and warm-blooded definitive hosts. Be- 
cause more species occur in fish than any other 
vertebrate und because piscine acanthorephalans 
are more or less generalized in structure, it has been 
assumed that the phylum arose as parasites of fish 
and more recently became parasites of sc*' 'ter- 
restrial and terrestrial vertebrates. Acanthocephala 
have not been reported from elusmohranch fish, in- 
dicating that they arose after the appearance of the 
elasmobranchs. See Archiacanthockphala; Eo- 

CANTHOCKPHALA ; PaLAEACANTHOCF.PHALA. 

MORPHOLOGY 

Adults of various species show great diversity in 
size, ranging from 1 mm in some species found in 
fish to over 400 mm in length found in some mam- 
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malian species (Fig. 1). Most of the larger species 
are from mammals; however, some mammalian 
forms are relatively small (Corynosoma) even 
though they parasitize seals and whales. When ob- 
served undisturbed in the intestine, the elongate 
body is distinctly flattened but on removal to water 
or saline and after preservation the body becomes 
cylindrical. Living worms are translucent or milky 
while, although they occasionally take on a distinc- 
tive color from the intestinal contents. The body 
of both males and females is divided into three 
subdivisions: the proboscis armed with hooks, 
spines, or both, an unspined neck, and the posterior 
trunk. 

Proboscis. The proboscis is the primary organ 
for attachment of Acanthocephala to the intestinal 
wall of the host. In some species the proboscis is 
parallel with the main axis of the body but fre- 
quently it is inclined ventrally. The proboscis may 
he globular, or elongate and cylindrical in shape, 
and is invariably armed with sharp pointed hooks, 
spines, or both. These structures vary in shape and 
number and are usually arranged radially or in 
spiral rows. In species with an elongate proboscis 
the hooks seem to he in longitudinal rows with a 
quim uncial arrangement. 

In most species the proboscis is capable of in- 
troversion into a saclike structure, the proboscis 
receptacle. When in this position, the tips of the 
hooks are all directed anteriorly and are on the 
inside of the introverted proboscis. As the proboscis 
is everted and extended these hooks engage the 
mucosa of the host’s intestine, with the tips turning 
posteriorly as they reach their functional posi- 
tion on the exterior of the proboscis. The recurved 
points of the hooks anchor the worm firmly to the 
intestinal wall. The proboscis receptacle and neck 
are retractile into the body cavity blit without inver- 
sion. 

Giant nuclei. The wall of the trunk has an ex- 
ternal Mi’icula beneath which lies the thick syn- 



Fig. 1. Various Acanthocephala, adult forms drawn to 
same scale, (a) Moniliformis dubius. 10-30 cm long, 
(b) Proboscis of same, (c) Macracanthorhynchus hirudi - 
naceus . 25-60 cm long, (d) Proboscis of same, (e) On- 
cico/a cam's. 1-2 cm long, if) Proboscis of same. (From 
A. C. Chandler, Introduction to Parasitology, 9th ed., 
Wiley, 1955) 
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Fig. 2. Diagrams showing the mechanics of proboscis 
attachment in Neoechinorhynchus emydis in the intes- 
tinal wall of a turtle, (a) Proboscis fully introverted, 
(b) The most basal hooks in contact with the host tis- 
sue. (c-e) Progressive stages in extroversion of the pro- 
boscis. ( From H. J. Van Cleave , Exp. Parasitol., vol. 1, 
1952) 



Fig. 3. Lacunar system of Moniliformis , dorsal view, 
showing regular circular branches. (After Meyer in 
L. H. Hyman , The Invertebrates , vol. 3, McGraw-Hill, 
1951) 
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Fig. 4. (a) Scheme of a cross section through a pa- 

loeocanthocephalan. (b) Same for an orchiacantho- 
cephalan. ! After Meyer in L. H. Hyman , The Inverte- 
brates, vol. 3, McGraw-Hill, 1951) 


cytial hypodermis or subcutirula. The hypodermis 
contain** a relativpiv small number of giant nuc lei 
which may be round, oval, ameboid, or elongate 
with a number of lateral branches. 

Lacunae. Within the hypodcrmis is a series of 
intercommunicating spaces, the lacunar system. 
Usually the lacunar system is comprised of two 


spiciious of which are Ihe reproductive organs en- 
closed in axial connective tissue ligament sacs. 
These ligament sacs are hollow tubes which ex- 
tend most of the length of the cavity of the trunk. 
They are single in both males and females of the 
Palaeacanthncephala but are divided into dorsal and 
ventral sacs which communicate anteriorly in fe- 
males of the other orders. There is no vestige of a 
digestive system in any stage of the life cycle. 

Reproductive system. The reproductive organs 
of the male consist of a puir of testes and special- 
ized cells, the cement glands. In most species there 
i« a saclike structure behind the cement glands. 
Sarfftigan’s pouch, through which run the sperm 
ducts and the ducts from the cement glands. The 
products of the testes and cement glands are dis- 
charged through a penis which is surrounded hv a 
posteriorly located hell-shaped copulatory bursa 
which is introverted into the posterior extremity of 
the trunk. At copulation the bursa is extended and 
applied to the posterior extremity of the female 
where if i- held firmlv in place by the secretions 
of the cement gland-. This material harden-, form- 
ing a ropulator\ cap on the female which i- an in- 
ternal cast of the hiir-a of the male and remain- 
attached to the posterior extremity of the female 
for -ome time following copulation. 

Female Acanthocephala are unique in that the 
ovar\ exists as a di-tinet organ onl\ iri the \er\ 
carl> -tage- of development „ and later breaks up to 
form free-Hoating egg hall-. The egg- an* fertilized 
a- ?he\ are released from the egg hall- and die 
retained within the ligament -ae- until etnbrvona 
tion is complete. The genital orifice i- po-terior. \ 
vagina provided with a strong sphincter extend- 
anterioily from the orifice and a -airiilar uteri!- i- 
anterior to the vagina. The anterior end of the 
uterii- i- surrounded hv a series of guard < ells, the 
selective apparatus From this extends a funnel- 
like structure, the uterine hell, the bioad anterior 
end of which opens into the hodv cavitv or one of 
the ligament sac- holding the developing egg- 
During embrvonation in the hodv cavitv the egg- 
acquire a series of membrane- and a hard oiiIct 
shell. Fgg- which have not completed embrvonation 
are pas-ed hack into the body cavity through spe- 
cial openings in the -elertive apparatus, whereu- 
egg- which are fully mature are passed into the 
saccular uterus and eliminated through the vaginal 
sphincter and genital orifice into the intestinal con- 
tents of the ho-t. 

Within the anterior end of the trunk are found 


longitudinal vessels either dorsal and ventral or 
ventral and lateral. In some species only the dorsal 
vessel is present. The longitudinal vessels are con- 
nected by a series of smaller vessels, the lacunae, 
which ramify throughout the body. In species 
exhibiting pseudosegmentation ( Moniliformis ) the 
regularly spaced lateral lacunae and the body 


the proboscis receptacle, musculature for retract- 
ing the proboscis, receptacle, and neck, and the 
lemnisci. The proboscis receptacle is attached to 
the inner surface of the proboscis. Muscles known 
as inverters of the proboscb are attached to the 
anterior tip of this structure and pass through the 
proboscis and receptacle emerging from the pos- 


vnusculature divide the wall into transvejji^ folds** trior of the receptacle and continue some distance 
These folds have no effect on the arrangement of ' posteriorly where they attach to the trunk wall. 


internal organs. 

Pseudocode. The body cavity 
contains all of the internal orgamj 


P'jgftseudocoele 
jfi most con- } 

Ltk 7 * 7 v. 


Usually one inverter is attached dorsally and one 
Wwally. Contraction of the anterior fibers intro* 
wl the nrohoscis into the recentarle while con- 
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Fig. 5. Moniliformis dubius. (a) Anterior end. (b) Pos- 
terior end of male. Ic) Posterior end of female. (From 
A. C. Chandler , Introduction to Parasitology , 9th ed., 
Wiley, 1955) 


traction of the anterior fibers pulls the receptacle 
deep into the body cavity. 

Lemnisci. The trunk and presoma are d cr- 
eated by an infolding of the cutieula and the pres- 
ence of two elongate contractile structures, the 
lemnisci. which arise from the hypodermis and ex- 
tend posteriorly into the body cavity. The lemnisci 
are provided with a definite number of nuclei which 
migrate from the hypodermis into the lemnisci as 
they are formed during larval development. The 
function of the lemnisci is unknown. One explana- 
tion of their function is that they act as reservoirs 
for the fluid of the lacunar system when the pre- 
soma and proboscis are invaginated. 
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The nervous system is composed of a chief 
ganglion or brain located within the proboscis 
receptacle. Most of the nerve trunks are incon- 
spicuous but two of them, the retinacula, associated 
with muscle fibers, pass through the wall of the 
proboscis receptacle to innervate the trunk wall. 

In members of the Archiacanthocephala, modi- 
fied protonephridia) organs are found closely ad- 
herent to the reproductive system, but in most spe- 
cies specialized excretory organs are completely 
lacking. The protonephridia! organs consist of a 
mas* of flame bulbs attached to a common stem. 
The canals unite to form a single canal which joins 
the sperm duct in the male and the uterus in the 
female. 

The Acanthocephala are obligatory parasites 
throughout their entire life cycle; no member of 
this phylum ever exists as a free-living organism. 

EMBRYOLOGY 

Acanthor. The eggs passed in the feces of the 
host contain a mature embryo, the acanthor, which 
i* surrounded by three membranes. The life cycle 
alwavs involves an intermediate host which is usu- 
ally an arthropod. Among these are small crusta- 
cean* for parasites of aquatic vertebrates; and 
grubs, roaches, and grasshoppers for those which 
parasitize terrestrial vertebrates. The eggs hatch 
after being ingested bv the appropriate arthropod 
and release the spindle-shaped acanthor which has 
a spiny body and is armed with retractile blade- 
likc rostellar hooks used in the penetration of the 
intestinal wall of the intermediate host. The central 
portion of the body of the acanthor contains a 
column of dense undifferentiated nuclei, the ento- 
hla*t. from which develop the structures of the 
ensuing stages. After penetration of the wall of the 
digestive tract the acanthor comes to lie beneath 
the delimiting membrane of the gut wall, becomes 
quiesiv.it. and begins to grow. It soon drops free 
into the iiemocoele of the intermediate host where 
it undergoes a gradual transformation into the 
various larval stages. 

Acanthella. The term acanthella is applied to 
the series of stages in which the rudiments of the 
reproductive organs, lemnisci, proboscis, and pro- 
boscis receptacle are formed. As development 
progresses the acanthella becomes elongate, and is 
surrounded by a hyaline cyst produced by the larva. 

Cystacanth. When the proboscis and the pro- 
boscis receptacle of the acanthella develop to the 
point of retractility, the larva becomes infective and 
is known as ihe cystacanth. The mature or infec- 
tive cystacanth lies in the hemocoele of the inter- 
mediate host with the proboscis and receptacle 
retracted into the body cavity. The body cavity of 
the cystacanth contains all of the structures of the 
adult worm in an immature form. 

In the least complicated life cycle the cystacanth 
remains in the hemocoele of the arthropod until it 
is ingested by a suitable vertebrate host, in which it 
excysts and attaches to the intestinal wall by the 
proboscis and grows to sexual maturity. In some 
forms the life cycle may be prolonged and compli- 
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b, brain; c, cyst; eg, cement glands; enm, central nuclear mass; cs, cuticulor spines; dl, dermal layer; 
gl, genital ligament; gp, genital primordia; hd, hypodermit; i, inverters; is, inner shell; t, lemnisci; 
n, giant nuclei; no, nuclei of apical ring; nl, nuclei of temniscal ring; os, outer shell; p, proboscis; 
ph # developing hooks; pr, proboscis receptacle; rh, rostellar hooks; rm, retractor muscles; rs, rostellar spines; 
t, testes; ub, uterine bell 


Fig. 6. Life history of Moniliformis dubius. (a) Mature 
egg containing acanthor. (b) Acanthor in process of 
escaping from egg shells and membranes, (c) Acanthor 
dissected from gut wall tissue of Periplaneta americana 
5 days after infection, id) Median sagittal section of a 
larva removed from the body cavity of P. americana 


29 days after infection, (e) Larva removed from the 
body cavity of P. americana 42 days after infection. 
if) Acanthella dissected from its enveloping sheath, 
(g) Cystacanth freed from its cyst and with proboscis 
evaginated. ( h ) Encysted cystacanth from body cavity 
of P. americana with proboscis invaginated. 



Acanthodii 23 


cat«?d by the introduction of one or more transport 
hosts, usually a vertebrate, in which the cystacunth 
becomes established as a visceral cyst awaiting 
ingestion by a suitable vertebrate host in which 
sexual maturity can be attained. 

Cell constancy. The somatic tissues of Acantho- 
cephala are made lip of u restricted number of 
nuclei which is inure or less fixed for each tissue. 
This condition is termed cell constancy or more 
correctly cutely or nuclear constancy because the 
majority of acanthocephalan tissues are syncytial 
in nature. The nuclei of the early embryonic cells 
which are destined to become syncytial in nature 
are large regular spheroidal or elliptical in shape. 
During the transformation of the acanthella into 
the cystacanth the nuclei begin to assume the shape 
and form of the hypodermal nuclei seen in the adult 
hv passing through an integrated series of ovoid, 
rosette, ameboid, elongate with lateral branches, 
and arhoroid or dendritic forms. These diverse 
expressions of nuclear shape and modifications are 
instrumental in maintaining a favorable ratio be- 
tween nuclear surface and surrounding cytoplasm. 
At the conclusion of the cleavage process the 
embrvo or acanthor contains all of the cellular ele- 
ments of the adult. No mitotic divisions take place 
although in the rearrangement of nuclei during 
larval development certain nuclei mav undergo 
amitotic division- . Th«* extent of the metamorphose* 
of the emhrvonic cells and nuclei varies greatly in 
the different groups and genera. In the more highly 
specialized genera, the nuclei of the embrvo lose 
all of their original appearance during larva) de- 
velopment. In contract, the nuclei of the adults o f 
the less specialized genera retain the distinctive 
emhrvoiii< nuclei with little * hange. Varying 
• liatiges. intermediate between these two extremes 
are observed in other group*. .See Cv.I.L CONSTANCY. 

[ D.V.M. 1 

liibliofinipfn : I.. If. Hvman. The Int ertebrates m 
It nnthocrphala* Aschelminthes , and Entoprocta , 
vnl. 3. PJfil : \. Meyer. Acanthorephala . in H. G. 
Broun (ed. I. Klassen und Ordnitngen des Tier - 
reiehs. vnl. 4. 1 ( )32 1 033 ; If. J. Van Cleave. 4cun- 
thurvphaln of North American Mammals , 1953. 

Acanthodii 

A class of Paleozoic fishes embracing the oldest 
and least specialized of known backboned animals 
with true jaws. Frequently called spiny sharks, the 



F»9* 1. Lateral view of Climatius , an Early Devonian 
acanthodian, showing fins supported by dermal spines. 
About 6.7 cm long. (After Traquair and Watson ) 


members of this class are among the most distinc- 
tive of all fossil vertebrates. Minute diamond- 
shaped scales with a histologic structure identical 
to that of the scales of higher bony fishes cover the 
body, and large dermal spines support all the fins 
except the caudal one (Fig. 1). Isolated scales 
and spines of the characteristic acanthodian types 
commonly occur in rocks of Silurian age. marking 
the earliest appearance of these fishes. As demon- 
strated by complete skeletons the group reached a 
peak of racial variety and population numbers in 
the Early Devonian hut thereafter during the re- 
mainder of the Paleozoic era dwindled in impor- 
tance. With the complete disappearance of their 
remains from the fossil record in the early. Per- 
mian. the class became extinct, leaving no direct 
descendants. 

The acanthodians were generally small with 
elongate, fishlike bodies, short heads, and strongly 
heterocercal tails. Heads were covered with an ar- 
mor similar to the dermal scalation of the body, 
composed of series of enlarged plates arranged in 
regular patterns. The eyes were large and situated 
so far forward that the snout supporting closely set 
terminal nostrils was very short. Internally, the 
hrainca*c was poorly ossified. Upper and lower 
jaws were present. Although many forms were 
toothless, the jaws of some bore whorled series of 
multicuspid teeth. An autostylic type of articula- 
tion of the mandibular arch to the neurocranium in 
the^e fishes has been widely postulated. Although 
l hi* exemplifies an ideal stage in the development 
of vertebrate jaws hv modification of the visceral 
*keleton. such a condition of a nonsuspensory 
hyoidean arch and resultant retention of the com- 
plete hvoidean gill cleft has yet to he inure con- 
clusively demonstrated, not only among acanthodi- 
an*. hut in anv adult vertebrate animal yet known. 
The posteriorly succeeding visceral arches vari- 
ably number 3. 4. or 5. and are all branchial, sup- 
porting gills laterally as well as enlarged gill- 
rakers internally for filter feeding (Fig. 2 1. The 
gill clefts opened separately to the outside but 
were covered in greater or lesser degree by an 
armored opercular flap of skin. 

The axial skeleton behind the head is indiscerni- 
ble in any of the crushed acanthodian specimens 
which are available for study. The development of 
fins among these fishes without \isible internal sup- 
port is thus of great interest. Unpaired fins con- 
sist of one or two dorsals, a caudal, and an anal. 
The remarkable spines are only shallowly em- 
bedded in the skin and each displays a deep longi- 
tudinal groove in its posterior margin to which is 
attached a small scaled fin web. Paired pectoral 
and pelvic fins are invariably present. In addition, 
many of the Early Devonian forms possess varying 
numbers of paired spines spaced between the nor- 
mal appendicular appendages. These extra ele- 
ments are considered to be a unique development 
of the hypothetical paired fin fold from which the 
paired appendages of all vertebrates evolved. 

The best-known spiny sharks were active pelagic 
swimmers in fresh-water rivers and lakes. This pre- 
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Fig. 2. Internal skeleton of head and gill region of 
Acanthades. (a) Dermal plates and scales removed to 
show jaws, also rays extending back from jaws; upper 
jow ossified in three pieces (A, B, O, lower jaw ossified 
in two pieces <D f E) and braced by splintlike dermal 
bone (F). (b) Jaws removed to show underlying struc- 
tures; braincase includes ossified areas. (After D. M. S. 
Watson) 

ferred adaptation must have persisted throughout 
the life of the group from Silurian to Permian 
times. However, isolated fin spines from late Pale- 
ozoic marine deposits, usually identified as per- 
taining to these fishes, probably indicate a success- 
ful invasion of the seas b> certain members ot the 
clan. Within the total scheme of vertebrate history, 
the Acanthodii seem to be best regarded as the di- 
rect survivors of an early Paleozoic primitive 
jawed group which constituted the central stock 
from which the placoderms. sharks, and bony fishes 
also arose. See Pi.acodermi. fn.n o. ] 

Acarina 

An order of the class Arachnida containing the 
ticks and mites. The order is made up of species 
that have the body divided into two units, an ante- 
rior gnathosoma and a posterior idiosoma. The 
gnathosoma is formed from the first two major seg- 
ments and includes the mouth and mouthffarts. The 
idiosoma makes up the remainder of the body and 
contains all of the other organs. The brain, eyes, 
and other structures located in the cephalothorax 
of other arachnids, as well as gonads, excretory 
tubules, and other organs usually associated with 
the abdomen of other arachnids, are all found in 
the idiosoma of acarines. Another distinguishing 
feature of the acarines is their small size. Despite 
their consolidation of the body and minuteness, 
they are an exceptionally diverse group of organ- 
isms. In fact, they may rival the insects in number 


of species and individuals. The acarines are also an 
ancient group of animals. Protararus crani Hirst, 
a fossil from the Devonian, can be placed in one of 
the modern families, Eupodidae. The remarkable 
diversity of this order has necessitated its division 
into five suborders: Onychopalpida, Mesostigmata, 
lxodides. Tromhidi formes, and Surcoptiformes. 
Commonly, members of the suborder lxodides are 
called ticks, while mites is the general term applied 
to members of the other four suborders. Actually 
there are two fundamentally different kinds of 
acarines. The first three suborders are closely re- 
lated to each other and are sometimes grouped to- 
gether as the Anactinochitinosi while the last two 
make up the Actinochitinosi. Further subdivision of 
the order reveals that there are now 246 recognized 
families of which three are known as ticks and the 
rest as mites. 

Biologically, the mites and ticks comprise an im- 
portant segment of most terrestrial and fresh water 
faunas. Some species and one family, the Halacari- 
dae, are typically marine, but in no case do thev 
make up a significant segment of the fauna. The in- 
fluence that the acarine component of any commii- 
nitv exerts on the community has never been prop- 
erly assessed. For example, no one has yet 
determined in more than general terms the im- 
portance of the mites that are to be found bv the 
millions in even acre of soil. Onlv a very small 
proportion. S 10 ' \ of the species, has vet been 
described. Because of their depredations, mites and 
licks have considerable influent e on the activities 
of man, but the economic effects are still poorly 
evaluated. Plant-feeding mitt's destroy billions of 
dollars worth of agricultural production each vear. 
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Ticks are the most important vectors of disease to 
domestic animals. Mites and the diseases they cause 
or transmit are responsible for the sickness and 
death of many people each year. The development 
of the more effective organic insecticides has made 
if possible to recognize the mites as pests of major 
significance. In the United States alone, a new 
industry based on the production of chemicals, 
called acaricides, for the destruction of mites, has 
grown to an annual volume of over S2f>.000,0()0. 
See Arm.hnida ; Miticiuk. | c.w.w. ) 

bibliography: E. W. Baker and C. W. Wharton, 
An Introduction to Ararology , 1952. 

Acceleration 

The time rate of change of velocit> (see Vn.o(- 
ITY ) . Since velocity is a directed or vector quantity 
involving both magnitude and direction, a velocity 
rnav change !>v a change of magnitude f-pecd) nr 
hv a change of direction, or both. It follows that 
acceleration is also a directed, or vector, quantify. 
If the magnitude of the velocitv of a bndv changes 
from v i ft ; sec to ft 'sec in l sec, then the average 
acceleration a has a magnitude 

velocity change ij-ii Ai 

elapsed time / 2 - t\ A/ 

To designate it f nil v the direction should l>e given 
as well as the rnagnii ude. 

Instantaneous acceleration i- defined as the* limit 
of the ratio of the* velocitv change to flic* elapsed 
time as the time interval becomes infinitesimal, 
that is. appiom lies /rro. When the acceleration is 
constant, the average acceleration and the instan- 
taneous acceleration are equal. 

If a bod\ is accelerated from a vcloc it\ of 10 to 90 
ft mv in 1 src. then the average change in veloc itv 
per second is l ( )() -- 10) 1 - 20 ft s<*<- in each sec- 
ond. This is written 20 feet per second per second 
or 20 ft see . Accelerations are also cnmmonb cn- 
pressed in meters per second per second t rn 'scr-' I , 
m in anv similar units. 

Whenever a bndv is ac ted upon hv an unbalanced 
force, it will undergo acceleration. If it is moving 
in a constant direc tion, the acting force will pro- 
duce a continuous change in speed. If it is moving 
with a c onstant speed, the acting force will produce 
an acceleration consisting of a continuous change 
of direction. In the general case, the ac ting force 
mav produce both a change of speed and a change 
of direction. [ r.h.ki . ] 

Angular acceleration. This is a vector quantity 
representing the rate of change of angular vci ity 
of a body experiencing rotational motion. If. for 
example, at an instant /j, a rigid body is rotating 
about an axis with an angular velocity and at 
a later time it has an angular velocity the 
average angular acceleration « is given by 

<*>2 <*>i Au 

/ 2 - /i *A / 

expressed in radians/sec 2 . The instantaneous angu- 
lar acceleration is given by a ** d&/dt. 



Radial and tangential accelerations in circular motion. 

Consequently, if a rigid body is rotating about 
a fixed axis with an angular acceleration of mag- 
nitude a and an angular speed of ohi at a given 
time. iben at a later time t the angular speed is 
given hv the cq nation 

o> ~ <>»., -f at 

A simple calculation shows that the angular dis- 
tance 0 traversed in this time is 

. fwo + (m + at)l 2 

0 = cot ~ I- — — - -I / = wot + hat 2 

In the figure a particle is shown moving in a 
circular path of radius H about a fixed axis through 
O with an angular velocity of g> radians/sec and 
an angular acceleration of a radians /sec 1 '. This 
particle is subject to a linear acceleration which 
may he considered to be composed of two compo- 
nents, :• radial component a„ and a tangential 
component a*. 

Radial at celeration. When a body moves in a 
circular path with constant linear speed at each 
point in its path, it is also being constantly ac- 
celerated toward the center of the circle under the 
action of the force required to constrain it to move 
in its circular path. This acceleration toward the 
center of path is called radial acceleration. In the 
figure, the radial acceleration, sometimes called 
centripetal acceleration, is shown by the vector 
a,. The magnitude of its value is v-/R % or arR, 
where v is the instantaneous linear velocity. This 
centrally directed acceleration is necessary to keep 
the particle moving in a circular path. 

Tangential acceleration . The component of linear 
acceleration tangent to the path of a particle sub- 
ject to an angular acceleration about the axis of 
rotation is railed tangential acceleration. In the 
figure, the tangential acceleration is shown by the 
vector a f . The magnitude of its value is aR. See 
Rotational motion; see also Acceleration anal- 
ysis; Acceleration measurement. [c.e.h.] 
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Acceleration analysis 

A mechanical design technique by which accelera- 
tions of parts of a mechanism are determined. In- 
ertial forces acting within a mechanism depend 
upon accelerations of its moving parts. In high- 
speed machines, particularly those which include 
cam mechanisms, the inertial forces ma> he the 
controlling factor in design of members. An ac- 
celeration analysis, based upon velocity anal\*P. 
must precede a force analysis. Maximum accelera- 
tions are of particular interest to the de^ignei. 
While an analytical solution max he preferable if 
exact maxima are required, graphical Mihition-, 
generally are simpler and facilitate visualization 
of relationships (j>ve Mhhamsms; Vki.imity 

ANALYSIS I . 

Instantaneous relative linear accelerations are 
determined from instantaneous relative velocities in 
this article. Absolute accelerations arc. h> conven- 
tion. instantaneous accelerations relative to a fixed 
body. 

Accelerations on a rigid link. The acceleration 
of B with respect to 0 on link OB i> the vrctoi 
sum of two accelerations: the normal acceleration 
o of B due to displacement of B along a path 
whose instantaneous renter of curvature i> at (). 
and the tangential acceleration 1' /{ „ of B with 
respect to 0. The resultant Ah „ i* shown in Fig. 
lb. 

Accelerations in a linkage. Acceleration of point 
P on the four-har linkage of Fig. 2. given and 
thu* l j. is found by solving graphieullv two 
equati* a* for Ap. Normal accelerations of P with 
respect to B and I) are computed after drawing the 
velocity polygon as shown in Fig. 2. Direction* of 
tangential acceptation vector* A'r fi and Ar’ are 
know-n. Vector A? must lead to their interseetion. 
Fig. 3 shows the construction. 


A n t,’ 



oij angular velocity 
a* angular acceleration 
n" “ OHuyy - \ 

Ah .;, 1 “ 



Rfl- 1. ia,b) Accelerations on rigid link. 


1 



Fig. 2. Accelerations on a linkage. 



Points not on the same link. I ’he acceleration 
of follower link X of the cam mechanism of Fig. 4 
is determined bv considering the relative accelera- 
tions of coincident points not <m the sume link. 
Thus, point P on link 4, designated P\ s and the 
coincident point P on link 2, designated P2 , have 
instantaneous velocities as shown by vectors V p\ 
and y r-y Relative velocity of /*4 with respect to 
P2 is J this too is indicated. Acceleration of 

P\ can now he determined by the equation. 

Af>\ =* Ap 2 4' A n p%/P2 A * Pi/f*2 + 2wjV #*4//*2 
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Fig. 4 Accelerations on a cam follower. 

The I.M term is the ('.mi inlis , omponcnt i after ( ( r. 
«!<• (iMNolis, 17^2 IHt.f). which results from re- 
••■rr iii^i motion of !*\ to t lie hodv 2. which has ab- 
solute motion «). . Seriiui'* cnor- of anuhsi*. ran re- 
sult tiom omissjon of the (ioriolis component. 

Equivalent linkage. Occasionally mechanisms 
tliiit appear to icquire the analvsjs described in the 
piecrding paragraph mav also he anal\/eii by ron- 
'•triuting an instantaneously equivalent linkage 
•diown hv (lotted lines in Fig 4 ) . and l»v then fol- 
lowing the method of Fig. .4. |k.s.i.| 

Acceleration measurement 

The miMMireincnt of linear and angular aeeelera- 
tlon Sec \c c l I.KKOMhlFM. 

Linear acceleration. Acceleration is the rate of 
change in velocity. A hodv is under linear acceleia- 
tion when all point-. on the hod\ have the same 
at eeleration at each instant of time. A special case 
of linear acceleration is the acceleration of gravity. 

I itrear acceleration is measured in airplanes, 
guided missiles, automobiles, trains, and the moving 
parts of machines. Most of the measurements are 
made to determine the forces involved, which can 
he computed, since force equals mass times accel- 
eration. If deflection is tin* quantity required, as 
m vibrations, the measured acceleration can he in- 
tegrated twice to obtain it. 

A linear accelerometer is essentially a mass 
which is free to move except for the restraint of a 
“I ,r, ng. The deflection of the mass is proportional 
to the imposed acceleration. Each accelerometer 


measures only in one direction; measurements 
made with three accelerometers mutually at right 
angles to one another are sufficient to determine 
the total acceleration and its direction. 

The acceleration of moving vehicles may he 
determined by plotting the distance traveled against 
time and differentiating twice to obtain the accel- 
eration. The procedure is to first obtain the slope 
of the curve at each significant point, to obtain the 
velocity, or rate of change of distance; next, plot a 
new curve of velocity against time; then determine 
the slope of this curve to obtain acceleration. The 
use of accelerometers is preferable. 

Precise values of the acceleration of gravity are 
difficult to measure. The value of gravity at one' 
location, relative to that known at some other loca- 
tion. ran he determined b\ measuring the period of 
oscillation of a specially designed pendulum at 
both locations. Another common method is to meas- 
ure the deflection of a specially processed spring 
loaded with a weight. A le^ accurate method is to 
mcHHiic the time of fall of a weight. 

Angular acceleration. This is the rate of change 
of angular velocitv of a rotating body. Its measure- 
ment i'* useful in testing aircraft, guided missiles, 
and rotating machinery. One practical method of 
measurement is to use two or three linear acceler- 
ometers mutually at right angles to one another. The 
resultant of simultaneous measurements will give 
both the angular and linear accelerations. 

The classical method of direct measurement is 
based on the fact that torque equals the product of 
angular acceleration and the moment of inertia of 
a mass. The angular accelerometer consists es- 
scntiallv of a symmetrical hodv. such as a disk. 
whr< h is free to rotate except for the restraint of a 
spiral spring, one end of which is fixed to the in- 
strument case. When subjected to an angular accel- 
eration. the angular deflection of the spring with 
reference to the « asc is proportional to the imposed 
acceleration. 

The angular acceleration of moving machinery 
mav also he detected by measuring and differentiat- 
ing changes in its rotational speed. The output of 
an electric generator, driven hv the rotating ma- 
chine. can he used to indicate the speed of the ma- 
chine. Also, the stroboscope is qualitatively useful. 

[ W.G.B.] 

Accelerometer 

An instrument which measures acceleration. Two 
general types are linear and angular. See Ar.CKL- 
I. NATION MKASLHKMKNT. 

Linear accelerometers. Typically, a linear ac- 
celerometer is a mass which is free to move in one 
direction onlv and against a restraining spring. If 
the free period of oscillation of the accelerometer 
is less than that of the acceleration, the deflection 
of the spring is proportional to acceleration. The 
free period of the accelerometer decreases as the 
mass is reduced or the spring stiffened, either of 
which results in n decrease in sensitivity. The sensi- 
tivity is defined as the deflection of the spring per 



28 Acceptor atom 



Fig. 1. Accelerometer schematic. U. G. Truxal , ed.. 
Control Engineers' Handbook , McGraw-Hill , 1958) 


damping gap 
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bow spring 


damping gap 



heaters 


mass and core 
of differential 
‘b‘ transformer 


Fig. 2. Accelerometer types, (o) Cantilever suspension. 
(6) Bow spring suspension. ( J . G. Truxal , ed., Control 
Engineers’ Handbook, McGraw-Hill , 1958 ) 


unit acceleration. To measure accelerations occur- 
ring in shorter time intervals, greater sensitivity in 
measuring deflections is required. 

In undamped accelerometers, overshoot and ex- 
traneous vibrations mask the true indication. It is 
common practice to employ viscous damping with 
liquid, air, or electromagnetic devices. Optimum 
performance is obtained with less than (approxi- 
mately 0.7) critical damping. 

Accelerometers with mechanical amplification of 
the deflection of the mass are used in aircraft for 
relatively rough indications, by a maximum-indicat- 
ing pointer, of low-frequency accelerations. 

In vehicles and airplanes, the maximum accelera- 
tion may be determined by a mass-spring unit with 
an electric contact set to close at a predetermined 
acceleration. An array of such accelerometers, each 
set to give a signal at a different acceleration, 
serves to number the times definite values of the 
accelerations have been exceeded. 

An accelerometer for flight testing airplanes con- 
sists of a cantilever spring-weight unit, a shaft 
mechanically connected to the sensitive unit, and a 
small mirror mounted on the shaft. A light beam 
reflected from the mirror impinges upon a slit to 
obtain a record on photographic paper rotated on a 
drum. Liquid damping is used. 


To obtain adequate response to more rapid accel- 
erations, the deflection per unit acceleration of the 
sensitive unit is reduced and the deflections are 
measured by sensitive electric pickups (trans- 
ducers ) . Commonly these pickups are a differential 
transformer, a resistance-wire strain gage, or a 
variable reluctance. Either liquid or electromagnetic 
damping must be provided. 

For ultimate high speed of response, the sensitive 
unit is a weight-piezoelectric crystal or a weight- 
magnctosiriction unit. The latter makes use of the 
fad that nickel changes its magnetic permeability 
as a stress is applied. The natural frequency of 
oscillation of these elements is above 10,000 cycles 
per second. 

Accelerations are usually recorded. The output 
of the electric pickups is amplified and fed to an 
electric recorder. The output of a piezoelectric 
crystal or a magnetostriefive pickup is fed to an 
oscillograph. 

Angular accelerometers. A symmetrical mass in 
the form of a disk is mounted so that it mav deflect 
about its center of gravity. This angular deflection, 
restrained by a spiral spring, is proportional to 
angular acceleration. This angular deflection, which 
is kept small bv choice of the spring stiffness and 
the moment of inertia of the mass, is detected by an 
electric pickup, such as a differential transformer, 
an F-tvpe inductance pickup, or an electric resist- 
anre. The output of the pickup is amplified and 
recorded on an electric recorder. Liquid damping is 
usually used. As with the linear accelerometer, re- 
sponse to rapidlv imposed accelerations can be 
secured only b\ decreasing the period of oscillation, 
thus decreasing the sensitivity. 

To improve the speed of response aifff the rugged- 
ness, the damping liquid is u^cd as the mass in one 
design, lender an angular acceleration ihe liquid 
rotates relative to the ease and imposes a pressure 
upon two symmetrical vanes. The resulting strain 
is measured by unbonded electric resistance wires 
which form part of the electric circuit of a Wheat- 
stone bridge. The measured strain is proportional 
to the imposed angular acceleration. 

| w.c.n.] 

Acceptor atom 

An impurity atom in a semiconductor which can 
accept or take up one or more electrons from the 
crystal and become negatively charged. An atom 
which substitutes for a regular atom of the mate- 
rial, hut has one less valence electron, may he ex- 
pected to be an acceptor atom. For example, atoms 
of aluminum, gallium, or indium are acceptors in 
germanium and silicon, and atoms of antimony and 
bismuth are acceptors in tellurium crystals. Accep- 
tor atoms tend to increase the number of holes of 
the semiconductor. The energy required for an ac- 
ceptor atom to hold an electron from the valence 
hand of the crystal is the ionization energy of the 
atom. See Donor atom; Semiconductor. 


[h.y.f.] 


Acetal 

A stable ether of an unstable 1,1-dihydroxy alcohol. 
The general formula is 


II 0— R 

\ / 

c 

l\ 

R 0— R 


where R is hydrogen or an organic radical. Acetals 
are prepared from an aldehyde and an alcohol in 
the presence of small amounts of acid. Cyclic ace- 
tals (dioxolanes) are formed with 1,2-glycols. Ace- 
tals are stable toward alkali, but hydrolyze slowly 
in water and rapidly with hot acids. They are often 
formed to protect the aldehyde group during reac- 
tion in alkaline media. Uses include synthetic per- 
fumes and organic syntheses. Dioxolanes are used 
in plastics and safety glass. A specific compound 
known as acetal is prepared from acetaldehyde 
and ethyl alcohol. Acetal tends to polymerize on 
standing. It is used as a solvent and in medicine as 
a hypnotic. .See Alcohol; Aldehyde. (k.h.h.J 

Acetaldehyde 

A colorless liquid aldehyde, CH.<CH--0, which 
boils at 20.8°C, It is produced industrially at the 
rate of over 300.000 Out 11# per year. However, very 
little acetaldehyde is *old. since most of it is used 
to manufacture other organic chemicals at the 
same chemical plants where it is produced. 

Uses. The important chemicals produced from 
acetaldehyde are made by the following reactions: 


Acetaldehyde 29 

2CH,CH0 - lks ^. CHaCHOHCH 2 CHO u “ t 

““ ly,t Acetaldol 

CHaCH . CH— CHO CHaCHjCHjOH (4) 

Crotonaldehyde n-Butanol 

The initial step in reaction (4) is known as the 
aldol condensation. It is an important commercial 
method of building larger molecules from small 
ones. 

In the presence of certain amine phosphate 
catalysts, acetaldehyde condenses to form sorbal- 
dehydc in significant yields. 


:k:h,cil=0 


Catalyst 
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Peracetic 

acid 


5-Ktliyl-2-methvlpyridine 

Production. The important processes used for the 
industrial production of acetaldehyde are as fol- 
lows: 

Ethanol is vaporized and passed over a chro- 
mium activated copper catalyst at 260-290°C to 
form acetaldehyde and hydrogen. This process pro- 
duces hydrogen of sufficient purity for use in other 
chemical processes. 

CII,CH 2 OH -> CH,CHO 4- H 2 

Hydration of acetylene in the presence of sul- 
furic acid and mercuric sulfate catalyst produces 
acetaldehyde. 

HC^CH -f H 2 0 CHaCH O 


ClfaCHO + 4CH 2 0 + Ca(OII) 2 + H 2 0 - 
Formaldehyde 

CH 2 OH 

i 

HOCHr C-CHjOH + (HC00)*Ca (3) 

I 

CH*0H 

Pentaerythritol Calcium 

formate 


Hydrocarbons such as butane react with oxygen 
in the presence of steam and under controlled con- 
ditions to form acetaldehyde, formaldehyde, ke- 
tones. alcohols, and acids. 

Acetaldehyde is an intermediate in the fermenta- 
tion of carbohydrates and is present in the first 
runnings when the products of such processes are 
distilled. See Aldehyde; Condensation reaction; 
Formaldehyde. [h.a.s.] 
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Acetate 

One of two types of compounds derived from acetic 
acid, HGjtHaOj. One type is obtained by the reac- 
tion of acetic acid and bases to give salts contain- 
ing the negative acetate ion, C 2 H 1 O 2 . I he second 
type is an ester derived from acetic acid and an 
alcohol, for example, eth>l acetate. 

Acetate is the official name (Federal Trade Com- 
mission) for the textile fiber produced from par- 
tially hydrolyzed cellulose acetate and once called 
acetate rayon. 

All the metal acetates are water soluble except 
silver acetate. The acetate ion is colorless: it rnav 
be identified by heating a sample with sulfuric arid 
to gi\e the odor of acetic acid. The fruitlike odor 
of the ester formed when ethyl alcohol and a trace 
of sulfuric acid are heated with the sample is also 
characteristic. See Acetic \cii>: Carboxylic acid: 
Ester; Fiber, man-made. (ke.wh:| 

Acetic acid 

A colorless, pungent liquid, formula CH.tCOOH, 
melting point 16.7 'C. and boiling point 118.r j C. 
Acetic acid is the sour principle in \inegar. and as 
such was known to the ancients. The concentrated 
acid was first obtained by G. K. Stahl in 1700. It is 
corrosive, and produces painful burn* on the -kin. 

In vinegar the acid arises b> aeration, at about 
35 °C. of cider containing about 15',' eth\l alcohol, 
together with nutrient salts and the ferment \1\rn- 
derma areti (mother of vinegar). [ nder these con- 
ditions the alcohol is oxidized to acetic acid 1 final 
concent* »tion acidl. The fermentation can 

be accelerated by trickling the cider over beech- 
wood shavings that have been previously inoculated 
with the ferment. I; is not commercially feasible to 
attempt the isolation of the pure acid from vinegar. 
See Acetobactf.r siboxydans fermentation. 

Production. The acid is produced in quantity 
by the destructive distillation of wood ami the oxi- 
dation of ethyl alcohol. Destructive distillation 
yields pyroligneous liquor containing 4- 6 r L acetic 
acid, together with water, methyl alcohol, and 
acetone. Neutralization with lime followed bv dis- 
tillation leaves calcium acetate, from which acetic- 
acid is recovered by treatment with sulfuric acid. 
Although the yield of acid is low. the process is 
profitable because of the alcohol and acetone that 
are obtained. Oxidation of ethyl alcohol or acetal- 
dehyde is done with chemical oxidants ( chromic 
acid or permanganate in dilute sulfuric). Cheaper 
commercial processes utilize air oxidation of acet- 
aldehyde using manganese acetate as catalyst. The 
direct oxidation of butane, using air and catalysts 
( cohalt and manganese acetates). at temperatures 
of 160- 170°C. and a pressure of about 300 p«*i. is 
a new method that is gaining in importance. Methyl 
ethyl ketone is an intermediate and valuable by- 
product. .See Oxidation processes; Wood chem- 
icals. 

Chemical properties. Pure acetic acid (glacial 
acetic ) is completely miscible with water, alcohol, 


ether, und carbon tetrachloride but is insoluble in 
carbon disulfide. Freezing of the acid is accom- 
panied by expansion, which constitutes a storage 
hazard because the melting point is dose to room 
temperature. Addition of water to glacial acetic 
causes volume contraction and increase in density 
until a 1:1 molar ratio is reached, corresponding 
to the formation of the nonisolable ortho acid. 
CH t C(OH).»; further dilution causes normal ex- 
pansion. In aqueous solution acetic acid is a typi- 
cal, weakly ionized acid iK„ - 1.8 X 10 See 
Carboxylic acid. 

Acetic acid neutralizes alkali hvdroxides, de- 
composes carbonates and some sulfide-*, for exam- 
ple zinc sulfide, to form acetate salts. With active 
metals (above livdrogen in the electromotive force 
series) the acid evolves hvdrogen. forming the salt 
of the metal. Many of the salts find important uses. 
Ferrous acetate, Fe( C-H <Oj ) j. is used in printing; 
it oxidizes to an insoluble basic ferric acetate. The 
soluble basic ferric acetates. 

Fe . ( CjH .Ojh.OIltOOCCH-.tj 
and Fe . ( C,H O, l (OH ) , 1 OOCCH . 1 

as well as the corresponding hash aluminum ace- 
tates. are used as mordants in dv f-ing. When a - 0 I 11 - 
tinn of lead acetate. Pb ( C-jH -0_ ) j’.UIjO is boiled 
with litharge, basic leaf! acetate- form: ihe-r ab- 
sorb carbon dioxide from the air to deposit hash- 
lead carbonates (the white lead in paint-). Lead 
tetraacetate has become an important oxidizing 
agent in organic cbemistrv. cleaving 1,2-dinL to 
form aldehvdes or ketones. The substance, verdi- 
gris. is basic copper acetate, and Sfhweinfuit 
greeji i- a double salt of « upper acetate and eoppei 
arsenite. .See 1 .1 \D. 

When stronglv heated with soda lime, potassium 
or r sodium acetate vields methane. Slow distillation 
of ammonium acetate furnishes acetamide, and py- 
rolysis of calcium or barium acetate, acetone. 

Direct chlorination of acetic acid, using sunlight 
or Mnall amount'- of iodine or phosphorus as cata- 
lyst. yields inonnchloro-. dichlom-. and finallv tri- 
chloroacetic acid in separate stages. Replacement 
of the Off group in acetic acid is accomplished 
w'ith either phosphorus trichloride or thionyl chlo- 
ride. to form acetvl chloride. CHiCOGl. a Mib- 
stance much used in acetylating reactions. 

Interaction of acetyl chloride with sodium ace- 
tate furnishes acetic anhvdride. ( C.1L.CO ) jO. also 
a common acetylating agent. Acetone is prepared 
commercially by passing the vapor of acetic acid 
over a catalyst of manganous oxide 00 pumice at 
300° C. The pyrolysis of acetic acid I above 500 J (.) 
effects decomposition to yield methane, carbon di- 
oxide. water, and ketene. .See Kktene. 

Large amounts of acetic acid are used in reac- 
tion with alcohols to produce esters suck as methyl, 
ethyl, propyl, and butvl acetates which are excel- 
lent solvents used in the paint and varnfeh industry. 

I he ester, cellosolve acetate, is widely used as a 
solvent in the preparation of lacquer* and motion 
picture film*. Another extensive use of acetic acid 
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is in the production of cellulose acetate for acetate 
rayon, photographic films, and textile fiber. 

Acetic acid is the starting material for the man- 
ufacture of malonic acid and esters, acetoacetic 
esters, glycine, and glycolic and glyoxylic acids. It 
is used in the manufacture of pharmaceuticals, in 
the treatment of natural rubber, and in the prepa- 
ration of artificial leather. It is an excellent sol- 
vent, dissolving the elements sulfur and phospho- 
rus, besides muny organic compounds. Because it 
is very resistant to oxidants, it is frequently used 
as a solvent medium for oxidation reactions. .Sec 
Fstkr; Etiiyi. acktatk; Soi.vknt. | k.b.h. | 

Acetobacter suboxydans fermentation 

Aretobarler suboxydans is a beer-spoilage organ- 
ism classified among the vinegar bacteria because 
it oxidi/es ethanol to acetic acid, and assimilates 
inorganic nitrogen sources (.see Pskudomon ada 
<kak>. In addition to the oxidation of ethanol, it 
has the ability to dehydrogenate a number of pnlv- 
hvdroxy compounds having a definite spacial ar- 
rangement of hydroxyl groups (OH) within the 
molecule. Some of these dehydrogenations have 
found industrial use in the production of vitamin (1 
i ascorbic acid l and tartaric acid (.vcc Ascorbic 
\< in). Others lead to chemicals which are difficult 
to synthesize bv ordinary chemical methods. 

Bertrand’s rule. Based ori a study of the mo- 
lecular configuration of the compounds dehydro- 
genated by the related organism, A. xylinum , 
Bertrand formulated a rule b\ which it was pos- 
sible to pveflict which other compounds would he 
dehwlrngenated by the bacteria, and which would 
not he attacked. Subsequent studies have led to ex- 
tension. refinement, and closer definition of this 
mle. and established its validity as applied to A. 
subox'sdans dehvdrogcnations. In its revised form, 
the rule may he stated as follows: in those com- 
pounds. and oiilv in those compounds having cis 
secondary alcoholic groups containing at least one 
carbon atom of n configuration which is subtended 
bv a primary alcohol group or having a methvl sub- 
stituted primary alcohol group of i> configuration, 
the n-carhon atom will he dehvdrogenated. yielding 
a ketone. Thus, 

I 

11 C -Oil H C OH 

i ! 

H C OH- 0-0 

11 0 011 H 0 OH 

I ' 

H If 

hut neither 

! ! 

HO 0 H HO -0 H 

I . ! 

HO C H nor H- 0 OH 

I I 

H 0 011 H O- OH 

I i 

H H 

is dehydrogenated. 


In carbohydrate chemistry, a cis arrangement of 
hydroxyl groups is that on carbon atoms 2 and 3 
of erythrose, and a trails arrangement is that of the 
hydroxyl groups on carbon atoms 2 and 3 of thre- 
ose. The carbon atom 2 is of the d configuration in 
both erythrose and threose. Carbon atom 2 is of 
the l configuration in L-threose and the hydroxy 
groups on carbon atoms 2 and 3 are in a cis ar- 
rangement. 

,CH0 CHO CHO 

H C OH HO— C— H H-C Oil 

3I I ! 

H -C -OH H — C — OH 110- C II 

H 2 C-()H il 2 C -OH h 2 c OH 

o- Erythrose » Threose L-Threo.se 

An example of the specificity for D-carhon atoms 
is found in the dehydrogenations of the isomers of 
butanediol. Here the methyl group (CH.j) subtend- 
ing the secondary alcoholic group may be con- 
sidered as a methyl substitution in a primary alco- 
hol group. 

H H 

H- C H H-C -H 

H C -Oil H -C—OH 

i *-• I 

H- C Oil C-0 

! i 

H C II H C — H 

II H 

me.so-2.3- U+)-Acetoin 

Butanediol 

11 H 

! , 

II -C H H C— H 
110 C H HO C- H 

H C-OH 6=0 

1 1 

h c -11 h — c 11 

I I 

H H 

o(-)-Acetoin 

Ruuncdiol 

II 

ii— r. - h 

H -C -OH 
HO C II 

I 

H-C H 

I 

H 

1.(4- ) -2.3-Butanediol 

is not dehydrogenated. Butanediol may be eon* 
sidered as a m-desoxy sugar alcohol with one 
CH :t CH0H group {see BitankdiolI. Other <»• 
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desoxy sugar alcohols, of configuration having the 
cis* secondary alcohol groups subtended by a 
methyl substituted primary alcohol group, are 
oxidized* but desoxy alcohols having this molecu- 
lar configuration are not dehydrogenated. 

11 C OH 11 C -OH 

11 C OH C O 

HO— C-H HO -C-H 

i I 

h <: ii n <: ii 

ii ii 

h i: on ii <: oh 

h i: oh c o 

and 

H— C OH H -C-OH 

H — C — II II 0 -II 

i 

H H 

The specificity for the dehydrogenation of n-earhon 
atoms and for eis secondary aleohol groups i«. 
shown in the nonsubstituted polyhydric ah ohol se- 
ries by the dehydrogenation of meso-erythritol 

yielding erythrulo-e. i-adonitol yielding adoninu- 

lose. and mannitol yielding fructose, while xylitol 
and duleitol are not dehydrogenated. 

H II 

H-C— OH II i: OH 

HO C - Ii HO C H 

HO C-H HO C H 

II-C Oil H C-OH 

H— C- OH C O 

H— C-OH II C-OH 
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D-Mannitol i>-Fructo«.e 
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H-C OH 
H-C- OH 
HO C II 

HO— C H 

II - C -OH 

! 

H-C OH 

! 

H 

Duleitol 

The specificity of the dehydrogenase system 
which brings about the series of reactions in ac- 


cordance with Bertrand’s rule has been used to pro- 
duce sugars for study of molecular configuration, 
and has been used as presumptive evidence in es- 
tablishing the structural arrangement in sugar 
molecules such as perseulose, a seven-carbon keto- 
sugar derived from the alcohol perseitol. 

Apparent exceptions to Bertrand’s rule are the 
dehvdrogcnations of glycerol to dihydroxy ace- 
tone, of 2.3- propanediol to acetol, and of meso - 
hexanediol to n-hexane-3-one-4-ol. 

H H 

» i 

11 C H H C H 

11 C OH — C O 

i I 

H C OH 11 C OH 

H A 

2,3-1 Yopanediol Acetol 

Several substances which will not -etve as sub- 
strates for cellular multiplication are dehydro- 
genated by A. suboxydans. These compounds are 
wr,vo- inositol, mc.\o-2.3'hutanedio|. im 1-2.3-hu- 
tanediol. and o-gluconutc ; lliev serve as energy 
sources for cells grown on other carbon sources. 

Biochemical reactions. The primary diagnos- 
tic reaction of the acetic acid bacteria, the con- 
version of ethanol to acetic acid, is actuallv a two- 

CH iCHjOH + O .CIIiCHO f 11,0 

hthanol Acetaldehvdc 

CII,CHf) f n CICCOOH 

Acetdhlehvde \cetic arid 

step reaction. Additional similar two-step reactions 
are the oxidation of propanol to propionic acid, 
and ethanediol to giycollic acid. Oxidation of the 
primarv alcoholic groups of sugar alcohols j* not 
accomplished bv A. suboxydans. 

The second reaction in these two-step oxidations, 
the conversion of an aldehvde to a carboxyl gioup. 
typifies a series of biochemical reactions of con- 
siderable importance. Thus, glyceraldehyde is oxi- 
dized to glyceric acid, n-arahinose to n-arabonic 
acid, n-glucose to u-gluconic acid, n-galartosp to 
o-galactonic acid, and n-manno^e to D-mannonic 
acid. 
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H C OH H C OH 
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mum of liquid-gas interface for oxygen transfer 
and faster rates of conversion of sorbitol to sorbose. 
The fermentor may be operated at atmospheric 
pressure, or with a head pressure up to 30 psi. In 
commercial operation with high-velocity jets and 
30 lb head pressure, the maximal rate of fermen- 
tation may be obtained with an air to solution vol- 
ume ratio of 1:3. Since considerable heat is evolved 
during the fermentation, tanks are equipped with 
coils, or preferably jackets, for cooling. The solu- 
tion contains, per liter, 200-250 g D-sorbitol, 5 ml 
corn-steep liquor, and an antifoam agent. With 
higher sorbitol concentrations, the fermentation is 
slower in starting. The shortest fermentations are 
obtained by inoculating a solution containing 100 
150 g sorbitol per liter with a culture of A. sub - 
oxydans amounting to 3 r r of the total volume, and 
later adding enough concentrated sorbitol syrup to 
give the final sorbitol concentration. The fermenta- 
tion should be completed in 25 30 hours. Analyti- 
cal yields are about 95-98 r r , and recovery yields 
should be about 85^. See Industrial microbiol- 
ogy. | I..H.I.O. | 

Bibliography : S. C. Prescott and C. G. Dunn, 
Industrial Microbiology . 2d ed., 1949; L. A. Under- 
kofler and R. J. Hickey feds. ). Commercial Fer - 
mentations , vol. 2, 1954. 

Acetone 

A chemical compound of formula CHjCOCH Ace- 
tone is a colorless liquid with an ethereal odor, 
and is the first member of the homologous series of 
aliphatic ketones. Its physical properties include, 
boiling point 56.2°C, melting point — 94.8 : C, spe- 
cific gravity 0.791. Acetone is an extremely im- 
portant chemical raw material. The 1956 United 
States production was about 606,000.000 lb and its 
selling price was about 10 cents per pound. 

Acetone is used as a solvent for cellulose ethers, 
cellulose acetate, cellulose nitrate, and other cel- 
lulose esters. Acetate rayon (cellulose acetate) L 
spun from acetone solution. Lacquer*, based on 
cellulose esters and cellulose nitrate, are used in 
solution in mixed solvents including acetone. Acety- 
lene is safely stored in cylinders under pressure by- 
dissolving it in acetone which is absorbed on inert 
material such as asbestos. Acetone serves as a 
chemical raw material for production of other 

chemicals. It has a rather low toxicity. 

Production of acotono. The principal method 
of acetone production uses propylene obtained from 
the cracking of petroleum. Addition of sulfuric acid 

CH 2 CHa CHa CH 3 

CH -5^, CHOSOiOH CHOH -X C-() 

I I ! h ** t | 

CH, CH, CH, CH, 

to propylene yields isopropyl hydrogen sulfate 
which upon hydrolysis yields isopropyl alcohol. 
Oxidation or dehydrogenation over metal cata- 
lysts, such as copper, converts the alcohol to ace- 
tone. Acetone produced by this method constituted 
88% of the 1956 United States production. 


Another commercial method involves the fermen- 
tation of cornstarch or molasses by special enzymes. 
This method produces two or three parts of butyl 
alcohol to each part of acetone and is an important 
process for the production of this alcohol. The fer- 
mentation process was developed in England dur- 
ing World War I by Chaim Weizmann. Since then 
the low cost of the propylene process for acetone 
production, together with development of other 
processes for butyl alcohol, has caused a decrease 
in importance of fermentation acetone. Only 4% of 
the 1956 United States production came from this 
source. 

Acetone is also produced by passage of acetic 
acid vapor over metallic oxide catalysts at 400- 
450°C, by partial oxidation of the lower alkane hy- 
drocarbons, and by the decomposition of cumene 
hydroperoxide. Phenol is the other product of this 
last process which has been in operation in the 
United States since 1954. 


OOH 


i 

CHaCHCH, CH,-C -CH, 



OH 


f 011,00011, 


The 1956 United States production by all method* 
other than through fermentation and through the 
oxidation of isopropyl alcohol was about 84,000.000 
lb or 14 r r of the total. 

Chemical uses of acetone. PymKsi* of acetone 
vapor at 700 °C produces ketene which react* with 
acetic acid to produce acetic anhydride. 

CHjCOCH, -“i CH, () ---' ,r00 l (CH,C<>M> 

Aldol type condensation of acetone with Ha (OH 
yields (a) diacetone alcohol. ( h ) mesh \ 1 oxide, 
and ( c ) phorone. 
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! H . : 

CHjCCHjCOCH, — CH,C CHCOCll, 

CH 3 (a) (b) 

CH, OIL 

- — CHaC CIICOCH COIL 
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Catalytic hydrogenation of mesityl oxide gives 
methyl isohutyl ketone. All these products are of 
commercial use as solvents or as chemical inter- 
mediates. See Ketf.nk; Ketone. |d.a.s. | 


Acetone-butanol fermentation 

Acetone and butanol are formed by anaerobic (ca- 
pable of growth in the absence of oxygen), spore- 
forming bacteria, Clostridium acelobatylicum and 
related species (see Bacii.lac.kae). Suitable strains 
may be isolated from cereals and legume roots and 
maintained in the spore stage in sterile soil. See 
Acetone; Butanol. 
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Flow sheet for acetone-butanol fermentation. 


During World War I there was a great need for a 
(heap source of acetone for munitions. The acetone- 
butanol and acetone-ethanol fermentations became 
subjects of studv fm •hi« purpose (see Acetone- 
hiiwoi. h fh mentation ) . After the war. interest 
in acetone decreased, so that these fermentations 
became relatively insignificant until new uses for 
butanol ( conversion to butyl-esters I were devel- 
oped. As a result the acetone-butanol fermentation 
took on new significance and the acetone-ethanol 
fermentation wa« relegated to the background. 

In industry, butanol is extremely important, es- 
pecially in the manufaeture of protective coatings. 
Oiiick-dr\ ing lacquers using butanol esters con- 
tributed much to the modern automobile industry. 

(lorn and molasses are the jireferred substrates. 
«»r media. When corn is used, the germ is removed 
and the kernels ground to a coarse meal. When 
molasses is used, it must be supplemented with 
nitrogen and jihos|)horus. Water is added to either 
substrate to form the mash. This is diluted to 5 1% 

• arhohvdrate concentration, sterilized continuously, 
or hatchwise. and then |>umped to the fermentors. 

Primary inoculum tubes of corn, or potato me- 
dium. are inoculated from the soil stock and pas- 
teurized t “heat shocked" I to destroy weak sjiores 
ami increase the solvent yield. The inoculum, which 
is 2 \ f f of the medium b> volume, is built up in 
24 hour stages for the production stage (50.000- 
500.000 gal ) fermentors. 

The fermentation temperature is 37°C for corn 
mash or 50 55 0 C for molasses. The pH of the 
medium falls from 6 to. 4. Titratahle acidity in- 
creases for 15 20 hours, then falls sharply, or 
"breaks,” while the solvent concentration rises 
rapidly. (ias evolution continues until nearly the 
<*nd of the 40 *45 hour fermentation period. 

Contamination is detrimental to the fermenta- 
lion. Lactobacilli, common bacterial contaminants. 


may be eliminated by aseptic operation. Bacterio- 
phage infections may require the use of resistant 
strains of Clostridia. 

Solvents are recovered by steam stripping and 
fractional distillation. About 1 lb of mixed solvents 
( butanol :acetone:ethanol = 6:3:1 ) is produced 
from 5 lb starch. About 1.5 lb of carbon dioxide 
plus hydrogen is formed. The residual solids con- 
tain riboflavin and arc a valuable feed supplement. 
See Riboflavin. 

Fermentative butanol production in the Cnited 
States fell to 29.000.000 lb in 1952. less than 25 r , c 
of the total production. Some hutanol may be pro- 
duced as a by-product of riboflavin manufacture. 
Where competition from petrochemicals is less 
severe, as in Japan, there is still interest in butanol 
from fermentation. 

Butanol and isopropanol are formed by Clostri- 
dium butvlinum . closely related to the organisms 
producing butanol and acetone. Optimum condi- 
tions arc similar to those for the butanol-acetone 
process. Fermentation time is 3 7 days. Fermenta- 
tive production of isopropanol is not important 
commerciallv. See Industrial microbiology. 

I J.K.T.S.] 

Acetone-ethanol fermentation 

\cetone and ethanol, or ethyl alcohol, are produced 
by Bacillus macerans , a sporeforming, facultative 
anaerobe, that is. one that may grow with or with- 
out free oxygen. This process, studied during World 
W'ar 1 as a source of acetone, does not produce 
hutanol. then a waste product of fermentative ace- 
tone production. See Acetone; Acf.tonf.-butanol 
fermentation; Ethyl alcohol. 

The carbohydrate source, corn, potatoes, molas- 
ses. or other material, is pretreated if necessary. If 
the carbohydrate source is deficient in assimilable 
nitrogen compounds, nitrogen compounds are sup- 
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plied. The sterilized medium is buffered with 2% 
calcium carbonate The initial pH, 8--9, falls to 6 
during the fermentation. The optimum temperu- 
ture of fermentation is 40 43°C. See Fomenta- 
tion. 

The fermentor may be loosely packed with inert 
material as a support for the bacteria. This re- 
duces the fermentation time from 5-7 days to about 
3 days. The process may be made semicontinuous 
by adding fresh mash at the bottom of the fer- 
mentor and drawing the fermented medium off the 
top. The yields of solvents vary from 3 10# ace- 
tone, 7-40# ethanol and 1-4# volatile and non- 
volatile acids. Carbon dioxide and hydrogen are 
evolved. 

The process was granted a patent in 1919, but is 
at present of historical interest only. Most of the 
acetone and ethanol used commercially is produced 
by the petrochemical industry. See Industrial 

MICROBIOLOGY. Tj.F.T.S.] 

Acetophenone 

A chemical compound (also called phenyl methyl 
ketone) of formula GiH^COCHj, boiling point 
202°C, melting point lO^C. specific gravity 1.028. 
Acetophenone is manufactured from benzene and 
acetic anhydride by the Friedel-Crafts process. It is 
also formed as a by-product in the ratal > tic oxida- 
tion of ethylbenzene to styrene. Production in the 
United States in 1957 was over 400.000 lb at a cell- 
ing price of 754 per lb. It is used chiefly as a 
constituent of synthetic perfumes and flavors, in the 
manufacture of pharmaceuticals (particularly anti- 
histamines), and as a chemical intermediate. 

Aldol-type condensation of acetophenone gives 
dypnone, CnH s C ( CH* ) =^CHCOCf,Hj 5 . Substitution 
of reagents in the benzene ring of acetophenone 
occurs normally at the ineta position. Light-cata- 
lyzed halogenation introduces the halogen into the 
methyl group. Chlorination yields o-ehloroaceto- 
phenone, GjHsCOCHoCI, a laerimator (tear gas). 
See Aromatic hydrocarbon; Ketone. [d.a.s.] 

Acetyl phosphate 

The anhydride of acetic and phosphoric acids. The 
compound occurs in the intermediary metabolism 
of pyruvic acid and of pentose sugars by some bac- 
teria. Acetyl phosphate can act as a powerful ace- 
tylating agent or phosphorylating agent in the 
presence of appropriate enzymes. Hydrolysis of 
acetyl phosphate with acid or alkali yields acetic 
acid and phosphoric acid. Acetyl phosphate can be 
crystallized as the lithium salt, LMC 2 H.jOr,P). 

O OH 
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Acetyl phosphate 

When acetyl phosphate acts as an acctylating 
agent in the presence of transacetylase, the acetyi 
group can be transferred reversibly to coenzyme A 


to yield phosphoric acid and acoiyl-coenzyme A, a 
key intermediate in fatty acid metabolism and in 
respiration. In the presence of a kinase, on the 

0 OH 

|| | tranwao^tylase 

HSR + CH 3 C 0 - P-= O 
OH 

Coon z vine A Acetyl phosphate 

CH 3 

II 3 P0 4 -f O C SR 
Phosphoric Acetyl 
acid coenzyme A 

other hand, acetvl phosphate can phosphorylate 
adenosinediphovphate with the formation of acetic- 
acid and of adenosine! ri phosphate. Adenosine! ri- 
phosphate is the principal energy-rich phosphorous 
compound involved in metabolic rea< tions. See 
Af)FNOMN !■ DII'HOM'II ATE (Af)IM I A DE NOMNETHI- 
phosi*h ate (ATP) ; Biochemistry ; Carbon y- 

DKAtK M El A HOI. ISM ; METABOLISM. |m.Ii.] 

Acetylation 

o 

'Fhe introduction of an acetvl group. CM • C . 
into an organic compound containing the alcoholic 
or phenolic hvdroxvl ( -Oil! or the amino 
( — NHj) and substituted amino groups in vield 
enters or .substituted amides respect ivelv . Vcet\ la- 
lion can be carried out with acetic anhvdride. 
acetvl chloride, or glacial acetic acid (in older of 
decreasing importance) and with or without an 
inert solvent such as benzene or toluene. Often 
glacial acetic acid itself is used as iu*o|\ent and 
sulfuric acid i* used as a ratal* st. Kasc of reaction 
is in the order of acetvl chloride ^ aietic anhy- 
dride > acetic acid. The first two often react at 
room temperature, whereas direct esterification 
with acetic acid usually requires more drastic con- 
ditions. Acetylation of acetvlene is accomplished 
catalyticalJy in the vapor phase or liquid phase to 
produce vinyl acetate. In general, acetvlution re- 
actions are exothermic. 

The most important acetates formed bv acetyla- 
tion are (1) cellulose acetate. (2) vinvl acetate, 
and (3) ethyl acetate. Cellulose acetate is pre- 
pared for use as a fiber (acetate rayon), safety 
movie film, and a tough plastic. Vinyl acetate is 
used in polymerization or copoly mprization reac- 
tions to produce vinyl resins and cyclic acetals 
(safety glass). Kthyl acetate is one of many esters 
which are often prepared by a continuous process 
for use as a solvent. 

Other important acetylation reactions include 
( 1 ) production of pharmaceuticals such as aspirin, 
phcnacetin. and derivatives; (2) protection of 
active grottos during organic svntheaes (partic- 
ularly the amino and substituted amino group; 
(3) determination of the hydroxy acid content of 
fats and oils (acetyl number) ; (4) preparation of 
solid derivatives from liquids for chemical analy- 



sis; (5) differentiation of tertiary from primary 
and secondary amines; (6) preparation of a, /?-un- 
saturated acids and coumarin derivatives (Perkin 
reaction); (7) preparation of acid anhydrides 
with acetic anhydride and an organic acid by an 
exchange reaction; and (8) production of other 
chemical intermediates. See Acid anhydride; 
Acid halide; Alcohol; Amine. [e.h.h.1 

Acetylcholine 

The acetic acid derivative of choline (/Miydroxy- 
ethyltrimethylarnnioniiirn hydroxide), a substance 
widely distributed in animal tissues, possessing im- 
portant physiological functions. 

While some tissues other than nerve tissues can 
and do synthesize acetylcholine from choline, there 
are only a few cases in which a nonnervous origin 
of the compound has been well authenticated. The 
s\nthesis of acetylcholine in nerve tissue is ef- 
fected by un enzyme system that has been well 
characterized. However, acetylcholine cannot exist 
in significant quantities in a free and diffusible 
form in the tissues. It exists in tissue particles 
known a* mitochondria, each of which carries a 
small charge, in a sort of protective custody against 
a specific hydrolvtic enzyme, while preventing its 
diffusion throughout the nerve cell or neurone. This 
cycle of synthesis, storage, release, hydrolysis, and 
re^ynthens of acetv!» Voline is intimately associ- 
ated with the initiation of the nerve impulse, with 
it*- innductioii along the nerve cell fiber, and with 
ils transmission from one cell to another. The ace- 
t\lrholine content of the brain is significantly 
higher in anesthesia and in sleep, and lower in ani- 
mals that have been excited, particularly in con- 
\ul*inns. See Sleep. 

Biosynthesis. Biosynthesis of acetylcholine in 
nerve tissue is effected h\ the reaction between 
choline and acetyl coenzyme A (the functional 
form of the vitamin, pantothenic acid I. and is rata- 
ls /ed by the enzyme choline acetylase. The energy 
for this reaction is provided by the phosphate bond 
contained in adenosine triphosphate, which is ini- 
tially derived from the oxidation of glucose in the 
nerve cell. The release of acetylcholine from mito- 
chondrial custody inav he due to some change in 
membrane permeability induced either spontane- 
ously or in response to a nerve impulse. .See Adkno- 
SJNETRIPIIOSPH ATE (ATP). 

Inactivation. As acetylcholine is responsible for 
the transient changes in the nerve fiber involved 
in .the initiation of the nerve impulse, it must he 
rapidly inactivated after its release from storage. 
This is effected by its hydrolysis by a special en- 
zyme, acetylcholine esterase, which is present in 
all conducting tissues throughout the animal king- 
dom. .See Nervous system. [ h.h.ml] 

Acetylene 

A colorless gas with aromatic odor, formula C 2 H 2 , 
which sublimes at — 83.4°C (760 mm). Major 
production is from calcium carbide hut consider- 
able tonnage is made from methane in natural gas 
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CaC 2 ■+■ 2 H 2 O * • Ca(OH )2 -h C 2 H 2 

by electric arc, by high-temperature regenerative 
processes, and by partial combustion. The electric 
arc process has been used in Germany for over 
IS years, and a similar process is in the pilot-plant 
stage in the United States. A regenerative furnace 
process has been in operation on the West Coast, 
but the acetylene produced in this plant has been 
used largely for welding and nonchemical pur- 
poses. Major plants in the Gulf Coast area produce 
acetylene for chemical use from natural gas by 
partial combustion processes. 

Of a total annual production for chemical pur- 
poses in the order of 750,000,000 lb, approxi- 
mately 33% goes into vinyl chloride for plastics: 
15% for acrylonitrile; 27% into neoprene syn- 
thetic rubber; 8% into vinyl acetate; and the re- 
mainder into solvents (trichloroethylene and per- 
chloroethylene), acrylates, vinyl esters and elhers, 
and specialties such as polyvinyl pyrrolidone. Im- 
portant nontechnical uses are for metal cutting 
and welding. 

While acetylene becomes highly explosive when 
compressed or heated, techniques were developed 
by J. W. Rcppe in Germany for working with 
acetylene under high pressure and at elevated 
temperature, producing a wide range of chemicals. 
Products of commercial importance are butyro- 
lactone, 1.4-butanediol, vinyl alkyl ethers, pyr- 
rolidone, and cyclooctatetraene. The Diels-Alder 
adduct from cyclopentadiene and acetylene, bi- 
cyclo [2.2.1] 2,5-heptadiene, is an important in- 
termediate in the synthesis of insecticides. .See 
Alkynf. ; Cyclooctatetraene ; Thermoch kmis- 

TRY. ( C.A.C.] 

Bibliography: R. A. Raphael, Acetylenic Com- 
pounds in Organic Synthesis , 1955. 

Acetylide 

A derivative of acetylene formed by the replace- 
ment of one or both of the hydrogens by a metal. 
General formulas are H — C^C — M and M — 

C* M, the latter being known as carbides. Acety- 
lides are prepared by the action of acetylene on ac- 
tive metals or metal compounds, or by the action of 
metals or metal compounds on carbon at high tem- 
peratures (electric furnace). Alkali and alkaline- 
earth aoetylides are relatively stable, hut most 
heavy metal derivatives are thermodynamically un- 
stable and explode when dry. Acetylides are salts 
of a very weak acid and therefore hydrolyze read- 
ily. The most important acetylide is calcium car- 
bide, which is used to prepare acetylene. Cuprous 
acetylide is used in ethynylation and high-pressure 
reactions. See Acetylene; Carbide. [e.h.h.J 

Achondroplasia 

A generalized deforming disease of the skeletal 
system, also known as chondrodystrophy fetalis. It 
is a hereditary disease and is thought to be trans- 
mitted as a simple mendelian dominant. Its effects 
usually appear within a few months after birth. 
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and the deformity becomes progressively more se- 
vere as the individual matures. 

The basic: fault is an abnormality of the carti- 
laginous growth zones located at the ends of grow- 
ing bones. Normal bone lengthens b> growth of 
cartilage at its ends (epiphyses). The cartilagi- 
nous end continuously develops new bone where it 
joins the shaft of the bone. In achondroplasia 
there is retardation of growth of cartilage in the 
epiphysis and defective formation of new bone. 
The result is an abnormally short, thick, and mis- 
shapen bone. .See Skeletal system. 

Although the name implies complete absence of 
cartilage growth, such severe involvement is un- 
common and results in early death or stillbirth. 
More commonly there is only partial retardation of 
cartilage growth which may vary from slight, caus- 
ing only moderately shortened stature, to severe, 
resulting in profound dwarfism. 

Fertility is undiminished and mentality is usu- 
ally unimpaired unless deformity of the skull is 
enough to cause pressure at the base of the brain. 

The achondroplastic dwarf frequently finds em- 
ployment with circuses and carnivals where the 
typical appearance (short, thick, bowed extremi- 
ties: prominent bulbous forehead; pugnuse) is a 
familiar sight. See Skeletal system disorders. 

i W.H.AD. ] 

Achromobacteraceae 

One of 13 families of true bacteria, the order 
Eubacteriales. recognized in Bergey's Manual of 
Determinative Bacteriology. In addition to Achro • 
mobact* , which is the tvpe genus, the genera Al- 
caligent s, Flavobacterium % A gar bacterium, and 
Beneckea are included in the family. In delation 
of the arrangement in Bergey’s Manual ( 7th ed . ) 
and for the reasons mentioned below, the genus 
Acetobacter has been added to this list. The Achro- 
mobacteraceae occur in soil and both fresh and 
oceanic waters. While the family as a group is not 
parasitic, some species are parasites of plants or 
animals. Among the parasitic strains are some 
which have been associated with diseases of ani- 
mals, including man. and of plants. 

Morphology. Like all true bacteria these organ- 
isms are of a plain, undifferentiated morphology. 
They are rod-shaped and have diameters between 
0.5-1 .0 fM and lengths between 1-4 p. Stained prep 


\\ 




1— Alcaligenes 2 - Achromobacter 3- Flavoboderium 
4- A gorbocf •rium 5- Boneckea 


Some Achromobacteraceae. (V. 8. D. Sherman ) 


urations show long, unbranched, filamentous struc- 
tures of 25 fi or more. An important distinguishing 
characteristic is their gram-negative staining reac- 
tion. The bacteria may be motile because of peri- 
trichous flagellation. They do not form endosporcs. 
See Bacterial endos cores; Bacterial motility; 
Cram's stain. 

Metabolism. The organisms are easily grown in 
the laboratory upon simple media. 1 Incoinplicnted 
growth requirements may he interpreted to mean 
that the bacteria have little or no need for acces- 
sory, or added, growth substances, such as com- 
pounds of the B-vitumin complex and amino acids. 
Strains of some species, however, will not grow un- 
less one or more accessory growth compounds are 
included in the medium. As a family these bacteria 
are aerobic, in the sense that elemental oxygen 
participates in cellular respiration. Some strum** 
are facultative anaerobes and thus will grow in the 
absence of atmospheric oxygen. Some of the species 
produce pigmented colonies and the pigments 
which they synthesize are carotenoid in nature. 
Pigmentation is treated as an important property 
in separating the genera. 

Achromobacter. These bacteria are the com- 
monly occurring. nonpura**itic. nonpigmerited mem- 
bers of Achromobacteraceae. They are found in soil 
and watei generally, and many have been isolated 
from the slime which rovers fish. The genu** is of 
economic importance since some of the 15 specie**, 
listed in Bergev’s Manual, have been responsible 
for spoilage of foods, especially eggs. beef. ham. 
fish, and shrimp. One species. A. i crows. is said 
to produce a substance, xerosin. which suppresses 
lesion formation in mice infected with pneumonitis 
virus. ^ 

Alcaligenes. These are typically nonpigniented 
bacteria which resemble Arhromobar ter. A rcac - 
tio‘n commonly used to separate the two genera is 
the ability of Alcaligenes to produce alkaline re- 
actions when growing in litmus milk, hut this is not 
infallible. Another differential property is the oc- 
currence of Alcaligenes as a part of the intestinal 
population of man. It is believed, generally, that 
the organisms do not produce disease. Nevertheless 
they are of importance to the clinical bacteriologist 
since they can he mistaken for pathogenic bacteria, 
especially Vibrio and some Salmonella. Alcaligenes 
species have been isolated from diseased human 
tissues. One species, A. viscolactis , is the cause of 
ropy milk, a spoilage product. 

Flavobacterium. The genus is distinctive in the 
family because of pigmentation which, for the dif- 
ferent species, may he amber, red. orange, pink, or 
bright yellow. The pigments are carotenoid com- 
pounds. The species are usually found In fresh and 
oceanic waters and in the soil, to a lesser extent. 
In these habitats, the bacteria are able to digest 
organic mailer such as proteins and polysaccha- 
rides. Some of the species seem to he pathogenic, 
and strains have been isolated from the pleural 
cavity, spinal fluid, and blood of man and other ani- 
mals. One species, pi.sci.rida , is a pathogen of 
salt-water fish. 
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Agarbactorium and Beneckea. These are two 
genera which have been arranged to contain the 
bacteria of Achromobarleraceae having supposedly 
distinctive physiological abilities. 

A gar bacterium. Members of this genus are able 
to digest agar, a polysaccharide obtained from 
marine algae and used by microbiologists as a 
gelling agent for media. 

Beneckea. Members of this genus include grain- 
negative rods which digest the polysaccharide, 
rhitin. Chitin occurs widely in nature as a part of 
insects, crustacea. and fungi. Many of the species 
of the genera have been isolated from marine hab- 
itats. Most of the species placed in the two genera 
formerly were species of the genera Bacterium , 
t'lavobarterium. and Achromobacter. All bacteri- 
ologist* do not agree that genera arranged on the 
basis of a narrow physiological ability are justi- 
fiable and this ma> be so for Agarbacterium and 
Beneckea. 

Acetobacter. This genus, comprising the typical 
acetic acid or vinegar bacteria, has thus far been 
treated as a member of the family Pseudomona- 
daceae. I bis was justified because the vinegai bac- 
teria were considered to move by means of polar 
flagella. The recent di*covet\ of peritrichous flagel- 
lation among the vinegar bacteria ( E. I.eifson; 
I. I,. Slmnwell) has prompted a subdivision of this 
physiologically di iimuw* group into two genera: 
It rti ( n l mnrifis. comprising the species with polar 
flagella and retained in the Pseudomonadaceae. 
anti leetobat ter. now an assemblage of the peri- 
1 1 14 lions species, which are morphologically mem- 
bers of t lie Achromobacteraceae. See Psi.t im>mo- 
\ M»\< K \ h. 

Ph\ siologi* ally the Aretobat ter species are ebar- 
nctcri/ed hv then ptonnnnccd acitl tolerance and 
b\ their tendency to perform incomplete oxida- 
tions. es|)et'iallv it the substrate concentration is 
high. In ethanol (ethvl alcohol) media they can 
produce high * onerntration- of acetic acid, a prop- 
erly used in vinegar manufacture f.vee Yinh,aii). 
Polyalcohol* aie often oxidi/ed to the correspond- 
ing keto-conipounds ; aldehyde sugars give rise to 
sugar acids and to products of further oxidation, 
such as keto acids. See IUmkhia; En mtoiui ri-- 
hmikxk: ErnAt.THtiAi ks; SriRti.i.AChAK. |o.ii.w.] 

Bibliography : K. I.eifson. The flagellation and 
laxonomv of species of Acetobacter , Antonie ran 
Lcruuetihoek J. Microbiol. Seroi., 20:102- 110. 
1951: J. I.. Shimwell. Flagellation and taxonomy of 
Acetobacter and Acetomonas , Antonie van I.eeu - 
nenhoek J. Microbiol. Seroi. . 24:187-192. 1958. 


Acid and base 

I wo interrelated classes of chemical compounds, 
the precise definitions of whieh have yaried con- 
siderably with the development of chemistry. These 
'hanging definitions have led to frequent contro- 
versies, some of which are still unresolved. Acids 
initially were defined only by their common prop- 
erties. They were substances which had a sour 
taste, which dissolved many metals, and which re- 


acted with alkalies (or bases) to form salts. For a 
time, following the work of A. L. Lavoisier, it was 
believed that a common constituent of all acids was 
the element oxygen, hut gradually it became clear 
that, if there were an essential element, it was 
hydrogen, not oxygen. In fact, the definition of an 
acid, formulated by J. von Liebig in 1840, as “a 
hydrogen-containing substance which will generate 
hydrogen gas on reaction with metals” proved to be 
satisfactory for about 50 years. 

Bases initially were defined as those substances 
which reacted with acids to form salts (they were 
the “base” of the salt). The alkalies, soda and pot- 
ash, were the best known bases, but it soon became 
clear that there were other bases, notably ammonia' 
and the amines. 

Acids and bases are among the most important 
chemicals of commerce. The inorganic acids are 
often known as mineral acids, and among the most 
important are sulfuric, ILSO*; phosphoric, H 3 PO 4 ; 
nitric, H \0. s , and hydrochloric. HC1 (sometimes 
tailed muriatic). Among the many important or- 
ganic acids are acetic. CFLCOOH, and oxalic, 
H-jC-Oj. acids, and phenol, C«HsOH. The impor- 
tant inorganic bases are ammonia, NH-*; sodium 
hydroxide 01 soda. NaOH; potassium hydroxide, 
KOH: calcium hydroxide or lime, Ca(OH)-.»: and 
sodium carbonate, Na-jCO*. There are also many 
organic bases, mostly derivatives of ammonia. Ex- 
amples are pvridine. C S H|N, and eth>lamine. 

Arrhenius-Ostwald theory. When the concept 
of ionization of chemical compounds in water solu- 
t : m became established, some considerably differ- 
ent definitions of acids and bases became popular. 
\( ids were defined as substances which ionized in 
aqueous solution to give hydrogen ions, H\ and 
ha*e* were substances which reacted to give hy- 
droxide ions. OH . These definitions are sometimes 
known as the Arrhenius-Ostwald theory of acids 
and bases and *%tre proposed separately by S. Ar- 
rhenius and W. Ostwald. Their use makes it pos- 
sible to disc ’ss acid and base equilibria and also 
the strengths of individual acids and bases. The 
ionization of an acid in water can be written 

H A « H* + A- 

Oualitatively. ar acid is strong if this reaction goes 
extensively toward the ionic products and weak if 
the ionization is only slight. A quantitative treat- 
ment of this ionization or dissociation can be given 
by utilizing the equilibrium expression for the acid 


|H1 \tr) 
[HA] 


Aha 


where the brackets mean concentration in moles per 
liter and where the constant Aha is called the dis- 
sociation constant of the acid. This dissociation 
constant is a large number for a strong acid and a 
small number for a weak acid. For example at 25°C 
and with water as the solvent, A H .\ has the value 
1.8 X 10 R for a typical weak acid, acetic acid (the 
acid of vinegar), and this value varies only slightly 
in dilute solutions as a function of concentration. 
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Dissociation constants vary somewhat with tem- 
perature. They also change considerably with 
changes in the solvent, even to the extent that an 
acid which is fully ionized in water may. in some 
other less basic solvent, become decidedly weak. 
Almost all the available data on dissociation con- 
stants are for solutions in water, partly because of 
its ubiquitious character, partly because it is both 
a good ionizing medium and a good solvent. 

Acetic acid has only one ionizable hydrogen and 
is called monobasic. Some other acids have two or 
even three ionizable hydrogens and are called poly- 
basic. An example is phosphoric acid, which ionizes 
in three steps, each with its own dissociation con- 
stant. 

Ionization reaction Aha. 25°C 

HsP0« - H+ + H 2 P0 4 - 1.5 X 10-* 

HjPOr - H+ + HPOr~ 6.2 X 10" 8 

HPOr - - h+ + P0r~- 4 x io- w 

A similar discussion can be given for the ioniza- 
tion of bases in water. However, the concentrations 
of the species H* and OH in a water solution are 
not independently variable. This is because water 
itself is both a weak acid and a weak base, ionizing 
very slightly according to the equation. 

H 2 0 = H- + OH 

For pure water, the concentrations of H" and OH' 
are equal. At ordinary temperatures, roughly 
2 X 10~ T % of the water is present as ions. As a 
result of this ionization, the ionic concentrations 
are related through the equation 

[H+] [OH* 

~ [H a 0j 

At 25°C and with concentrations in moles per 
liter, the product [H + l fOH ] is equal to 
1 X 10*". 

A major consequence of this interdependence is 
that measurement of the concentration of either 
H* or OH~ in a water solution permits immediate 
calculation of the other. This fact lead S. P. L. 
S0rensen in 1909 to propose use of a logarithmic 
pH scale for the concentration of hydrogen ions in 
water. Although there are some difficulties in giving 
an exact definition of pH, it is very nearly correct 
for dilute solutions in water to write 

pH « -log [H-] 

It then turns out that pH values of 0-14 cover the 
range from strongly acidic to strongly basic solu- 
tions. The pH of pure water at ordinary tempera- 
ture is 7. 

For many situations, it is desirable to maintain 
the H* and 0H“ concentration of a water solution 
at low and constant values. A useful device for this 
is a mixture of a weak acid and its anion (or of a 
weak base and its cation). Such a mixture is called 
a buffer. A typical example is a mixture of sodium 
acetate and acetic acid. From the treatment just 
given, it is evident that for this case 


PM 


[CHaCOOHl 

(CHaCOO"] 


1.8 X 10- 6 


where [GHnCOOH] and |CHaGOO ] are the con- 
centrations of acetic acid and acetate ion, respec- 
tively. Thus, if the concentrations of acetic acid 
and acetate ion are both 0.1 moles per liter, the 
H* concentration will be 1.8 X 10 * moles per liter 
and OH will be 5.5 X 10 10 moles per liter. The 
pH of this solution will be about 4.7. Constant 
aridity is a most important aspect of blood and 
other life fluids; these invariably contain weak 
acids and bases to give the necessary buffering 
action. 

The Brdnsted theory. The Arrhenius or water 
theory of arid and bases has many attractive fea- 
tures. but it has also presented some difficulties. A 
major difficulty was that solvents other than water 
can be used for acids and bases and thus need con- 
sideration. For many of the solvents of interest, the 
necessary extensions of the water theory are both 
obvious and plausible. For example, with liquid 
ammonia as the solvent, one can define NH<r as 
the acid ion and NH 2 as the base ion, and the 
former can he thought of as a hydrogen ion com- 
bined with a molecule of the solvent. However, for 
a hydrogenless (aprotir) solvent such as liquid 
sulfur dioxide, the extensions are less obvious. Con-* 
sideration of such systems has led to some solvent- 
oriented theories of acids and bases to which the 
names of E. C. Franklin and A. F. D. Cermann 
often are attached. The essence of these theories is 
to define acids and bases in terms of what thev do 
to the solvent. Thus, one definition of ajiacid is that 
it gives rise to “a ration which i« characteristic of 
the solvent.” as for example SO* from sulfur di- 
oxide. These theories have been useful in emphasiz- 
ing the need to consider nonaqueous systems. How- 
ever. they have not been widely adopted, at least 
partly because a powerful and wide-ranging pro- 
tonic theory of acids and bases was introduced by 
J. N. Bronsted in 1923 and was rapidly accepted by 
many other scientists. Somewhat similar ideas were 
advanced almost simultaneously by T. M. 1-owrv. 
and the new theory is occasionally called the 
Bronsted- 1 .owry theory. 

This theory gives a unique role to the hydrogen 
ion. and there appeared to be justification for this. 
One justification, of course, was the historically im- 
portant role already given to hydrogen in defining 
acids. A rather different justification involved the 
unique structure of hydrogen ion. It is the only 
common ion which consists solely of a nucleus, the 
proton. As a consequence, it is only about 10' 14 
cm in diameter. All other ordinary ions have pe- 
ripheral electron clouds and. as a result, are 
roughly 10* rimes larger than the proton. The small 
size of the latter makes it reasonable lo postulate 
that protons are never found in a free state but 
rather always exist in combination with some base. 
The Bronsted theory emphasizes this by proposing 



that all acid-base reactions consist simply of the 
transfer of a proton from one base to another. 

The Bronsted definitions of acids and bases are: 
an acid is a species which can act as a source of 
protons; a base is a species which can accept pro- 
tons. Compared to the water theory, this represents 
only a slight change in the definition of an acid hut 
a considerable extension of the term base. In addi- 
tion to hydroxide ion, the bases now include a wide 
variety of uncharged species such as ammonia and 
the amines as well as numerous charged species 
such as the anions of weak acids. In fact, every 
acid can generate a base by loss of a proton. Acids 
and bases which are related in this way are known 
as conjugate acid-base pairs, and the table lists 
several examples. By these definitions, such previ- 
ously distinct chemical processes as ionization, 
hydrolysis, and neutralization become examples of 
the single class of proton transfer or protolytic 
reactions. The general reaction is 

arid] + hasr 2 » hasp] 4- acid<> 

This equation can he considered to he a combina- 
tion of two conjugate acid-base pairs, and the pairs 
below can he used to construct a variety of typical 
acid-base reactions. For example, the ionization of 
acetic acid in water becomes 

CHiCOOH f H,c CILCOO -+ Il 3 <)+ 

A] !h B] A 2 

Water functions here us a base to form the species 
HiO*. the oxonium ion (sometimes called the liv- 
(1 ron iu m ion). However, water can also function as 
ail acid to form the base OH . and this dual or am- 
photeric character of water is one reason why so 
rnanv acid-base reactions occur iu it. 


Conjugate acid-base pairs 



A chin 

Buses 



Strong 

h 2 so« 

- - hso 4 - 

Weak buses 

itriii* 

IK) 

Cl 


r 

* 

IMP 

11,0 

i 

i 

i 


HSO, 

SO 4 


i 


HFing, 

F 




r.H,C.<H>II 

011,000 




Nit, 4 

NIL 



4 

IICO, 

— co 3 



Weak 

H*0 

OH 



ncitltt 

0,11*011 

CjILO 

Strong buses 


As the table shows, strengths of acids and bases 
are not independent. A very strong Bronsted acid 
implies a very weak conjugate base and vice versa. 
A qualitative ordering of acid strength or base 
strength, as above, permits a rough prediction of 
tlie extent to which an acid-base reaction will go. 
The rule is that a strong acid and a strong base 
will react extensively with each other, whereas a 
weak acid and a weak base will react together only 
ver> slightly. More accurate calculations of acid- 
base equilibria can be made using the ordinary 
formulation of the law of mass action. A point of 
some importance is that, for ionization in water, 
the equations reduce to the earlier Arrhenius-Ost- 
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wald type. Thus, for the ionization of acetic acid in 
water the equation above leads to 

[H 8 0+] [CHaCOO-] 

(CIIaCOOHl [H 2 6] 

Remembering that the concentration of water will 
be almost constant since it is the solvent, this can 
be written 


[H 3 0 + 1 [CHaCOO-l 
[CHaCOOH] " 


= tf[H 2 01 - Khao 


where K\ j A « is just the conventional dissociation 
constant for ac etic acid in water. 

One result of the Briinstcd definitions is that for 
a given solvent, such as water, there is only a single 
scale of acid-hase strength. Put another way, the 
relative strength of a set of acids will be the same 
for any base. Hence, the ordinary tabulation of 
ionization constants of acids in water permits quan- 
titative c alculation for a very large number of acid- 
base equilibria. 

The Bronsted concepts can be applied without 
difficulty to other solvents which are amphoteric in 
the same sense as water, and data are available for 
many nonaq neons solvents, such as methyl alcohol, 
formic acid, and liquid ammonia. An important 
practical point is that relative acid (or base) 
strength turns out to he very nearly the same in 
these cither solvents as it is in water. Bronsted acid- 
base reactions can also he studied in aprotic sol- 
vents (materials such as hexane or carbon tetra- 
chloride which have virtually no tendency to gain 
or lose protons ) , hut in this case, both the acid and 
the base must be added to the solvent. 

A fact whic h merits consideration in any theory 
of ac ids and bases is that the speeds of large num- 
bers of c hemical reactions are greatly accelerated 
by acids and bases. This phenomenon is called acid- 
ha**e catahsis, and a major reason for its wide prev- 
alence is that most proton transfers are them- 
selves exceedingly fast. Hence, reversible acid-base 
equilibria car usually be established very rapidly, 
and the resulting conjugate acids (or bases) then 
frequently offer favorable paths for the over-all 
chemical reaction. The mechanisms of many of 
these catalyzed reactions are known. Some of them 
are specifically catalyzed by solvated protons (hy- 
drogen ions) ; others, specifically by hydroxide 
ions. Still others are catalyzed by acids or bases in 
the most general sense of the Bronsted definitions. 
The existence of this general acid and general base 
catalysis constituted an important item in the wide 
acceptance of the Bronsted definitions. 

Lewis theory. Studies of catalysis have, how- 
ever. played a large role in the acceptance of a set 
of quite different definitions of acids and bases, 
those due to G. N. Lewis. These definitions were 
originally proposed at about the same time as those 
of Bronsted. but it was not until Lewis restated 
them in 1938 that they began to gain wide con- 
sideration. The Lewis definitions are (1) an acid is 
a substance which can accept an electron pair from 



42 Acid and bate 


a base (2) a base is a substance which can donate 
an electron pair. * These definitions are very similar 
to the terms popularized around 1927 by N. V. 
Sidgwick and others: electron donors, which are 
essentially Lewis bases, and electron acceptors, 
which are Lewis acids.) Bases under the Lewis 
definition are vcrv similar to those defined by Bron- 
sted, but the Lewis definition for acids is very much 
broader. For example, virtually every cation is an 
acid, as are such species as A1CL. BF.i, and SO lt . 
An acid-base reaction now typically becomes a 
combination of an acid w r ith a base, rather than a 
proton transfer. Even so. many of the types of re- 
actions which are characteristic of proton acids 
also will occur between Lewis acids and bases, for 
example, neutralization and color change of indi- 
cators as well as acid-base catalysis. Furthermore, 
these new definitions have been useful in suggesting 
new interrelations and in predicting new reactions, 
particularly for solid systems and for systems in 
nonaqueous solvents. 

For several reasons, these definitions have not 
been universally accepted. One reason is that the 
terms electron donor and electron acceptor had 
been widely accepted and appear to serve similar 
predicting and classifying purposes. A more im- 
portant reason is unwillingness to surrender cer- 
tain advantages in precision and definiteness in- 
herent in the narrower Brdnsted definitions. It i* a 
drawback of the Lewis definitions that the relative 
strengths of l^wis acids >ary widely with choice of 
base and vice versa. For example, with the Bronsted 
definitions, hydroxide ion is always a stronger hase 
than av.monia; with the Lewis definitions, hydrox- 
ide ion is a much weaker base than ammonia when 
reacting with silver ion but is stronger than am- 
monia when reacting with hvdrogen ion. Another 
feature of the Lewis definitions is that some sub- 
stances which have long been obvious examples of 
acids, for example. HC1 and H-jSO,. do not natu- 
rally fit the Lewis definition since they cannot plau- 
sibly accept electron pair*. Certain other sub- 
stances, for example, carbon dioxide, are included 
by calling them secondary acids. These substances, 
too, tend to have electronic structures in which the 
ability to accept electron pairs is not obvious, but 
the more important distinction between them and 
primary acids is that their rates of neutralization 
by bases are measurably slow. However, in spite of 
these difficulties, the use of the Lewis definitions is 
increasing. Since there doe* not appear to be any 
simultaneous tendency to abandon the Bronsted 
definitions, chemistry' seems to be entering a period 
when the term acid needs a qualifying adjective for 
clarity, for example. Lewis acid or proton acid. 

Usanovich theory* Another comprehensive the- 
ory of acids and bases was proposed by M. Usano- 
vich in 1939 and is sometimes known as the posi- 
tive-negative theory. Acids are defined as sub- 
stances which (1) form salts with bases, (2) give 
up cations, and (3) add themselves to anions and 
to free electrons. Bases are similarly defined as 
substances which give up anions or electrons and 


which add themselves to cations. Two examples of 
acid-base reactions under this scheme are 

NaaO + S0 a * 2Na+ + SU 4 " " 

2Na + Cl 2 = 2Na' H + 2C1 " 

In the first, S0.» is an acid because it takes up an 
anion, 0 ', to form SO| '. In the second example, 
CL is an acid because it takes up electrons to 
form Cl . Using conventional terminology, this 
second reaction is an obvious example of oxida- 
tion-reduction. The fact that oxidation-reduction can 
also he included in the Usanovich scheme is an 
illustration of the extensiveness of these definitions. 
So far, this theory has had little acceptance, quite 
possibly because the definitions are too broad to he 
vcrv useful. 

Acidity functions. A very different approach to 
the definition of acids, or perhaps better, to the 
definition of acidity, is to base the definition on a 
particular method of measurement. ( As one ex- 
ample. it is probably true that the most nearlv 
exact definition of pH is in terms of the electromo- 
tive force of a particular kind of galvanic cell. I It 
i* possible to define various aeiditv function* in 
this way, and several have been proposed. One of 
the earliest and also one of the most successful is 
the //,> acidity function of L. P. Hammett. This de- 
fines an acidity in terms of the observed indicator 
ratio for a particular class of indicators, those 
which are uncharged in the basic fuim B. Suppose 
there i* available a set of such indicators, and "Up- 
pose further that the values of the dissociation con- 
stants of the acid forms BH* are known. Then the 
hi, acidity of a solution is defined as 

. * 1 i rh, i - 

«o * Abh* r fl>1 

[B| 

wliere K mi' is the dissociation constant for the 
particular indicator employed, and where ! BH \ 

[ B j is the experimentally* observed ratio of con- 
centrations of the conjugate acid and conjugate 
base form* of the indicator. To have a logarithms 
scale (analogous to pH l, the further definition is 

Ho ~ log ho 

The virtue* of this scale are that measurements are 
relatively simple and can he made for concentrated 
solutions and for solutions in nonuqueou* or mixed 
solvent*, situations where the pH scale offers diffi- 
culties. A further point is that in dilute aqueous 
solutions this new acidity becomes identical to pH. 

For a discussion of measurement of acidity, see 
Hydhogkn ion. .See also Bask, chkmicai.; Bi’kikh 
solution; Equilibrium, ionic; Oxidation-rkmio 
iion ; Solution; Solvknt. [ k.a.l. | 

Bibliography : R. P. Bell, Proton in Chemistry , 
19S9; L. P. Hammett, Physical Organic Chemistry , 
1940; J. of Chem, Educ., Acids and Bases , A 
Collection of Papers , 1941; W. F. (aider and 
S. Zuffanti. Electronic Theory of Acids and Bases. 
1946; M. A. Paul and F. A. I^ong, Ho and related 
indicator aridity functions, Chem . Revs.. 57:1, 1957. 
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Acid anhydride 

One of an important class of reactive organic com- 
pounds derived from acids via formal intermnlecu- 
lar dehydration : thus, acetic acid, 

() 

I! 

CH,-C OH 

on loss of water forms ucetic anhydride. 

() () 

I! !! 

CH,-C- -O C--CI 1 , 

Kxccpt for formic anhydride, which does not 
exist. anhydrides of straight chain acids containing 
from 2 to 12 caihon atoms are liquids with boiling 
points higher than those of the parent acids. They 
arc relatively insoluble in cold water (slow reac- 
tion!. and are soluble in alcohol (rapid reaction), 
ether, and other common organic solvents. The 
lower members are pungent, corrosive, and weakly 
hicrimatory. Anhvdrides from acids with more than 
12 carbon atoms and cyclic anhydrides from dirar- 
boxvlic acids are crystalline solids. 

The table lists the more important anhvdrides, 
together with some of their physic al constants. 


Some important acid anhydrides* 



Korin 

nil* 

Mcltinjt 

jxiini n r: 

Moiling 

point. 

\* H l« 

O’lhroi.n 


- ::t 
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lYopioinr 

( lit! H .< (>)() 

- tr» 

167 

tint vm 

M’lhf.lM ll.ro , .0 
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IVK 

V«i|uityrM 

| <'H,;,ril(0) ; 0 

.VI 
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\ all-in 

:rii,« 11 . •! 

(.01*0 
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l*o\ alrrn 

|u Ilo-CIK 

11001*0 


215 

( '.iprnn 

irir.c'iif). 

( 01,0 

to f» 

241 241 

('iiprvlu 

[f Hi ( \\*u 

( ( »|0 1 

1 

2H0 2HS 

1. inrir 

K n o ih . 

.( OI 70 

11 

166" 1 

1‘nlmitir 

l< 11 , 0 : 11 . 1 , 

«co|,o 

(it 


Stearic 

[<IIVCH:I, 


72 


Sicr mu 

O l|.( OijO 


I IV 6 

261 

f tlnturii 

0 11,1*0 0 

lO 

57 


Vlllpll 

0 HjCIM Oi t O 

22 





57. imlymrric ) 

Ut'll/t »|t 

0\M»COM» 

42 
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fi-T(ilnif 

(o-riiir.il 

i< :om) 

:iv 
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I'kiUuilu 

C.«II«<C0;-0 

1 .10 a 
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Preparation. Because the direct intermolecular 
removal of water from organic acids is not prac- 
ticable. anhydrides must he prepared by means of 
indirect processes. Common methods involve inter- 
action of an acid salt with an acid chloride. 

O O 

CH* C O-Na* + CH> -C Cl --* 

NaCl + (CH 3 CO ) j 0 

A variation of this method uses phosphorus oxv- 
ehloride and a salt 

0 

!! 

M C 0 Na< + POCI3 - -> 

2(RCO) 2 <) + NaPO* 4- NaCl 

Acetic anhydride, the most important aliphatic 


Acid anhydride 

anhydride, is manufactured by air oxidation of 
acetaldehyde, using as catalysts the acetates of 
copper and cobalt; peracetic add apparently is an 
intermediate: 

O 0 

CII 3 C H + 0 2 CH.iCOOH + CH;,CHO -■> 

(OI 9 CO) 2 () + h 2 o 

The anhydride is separated from the by-product 
water hy vacuum distillation. Another important 
process utilizes the thermal decomposition of 
ethylidene acetate (made from acetylene and acetic- 
acid ) : 

2 CIIjCOOH + HC=CH Mercurynalt 

catalyst 

OOCCHa 

/ 

CH 3 C - H CHaCHO -f (CH 3 C()) 2 0 

ZiiCI* 

OOCCHa 

Acetic anhydride has been made by the reaction of 
acetic acid with ketene: 

CHhCOOH + CHa C O (CH 3 CO) 2 () 

Mixed anhvdrides composed of two different 
radicals, as in 

() O 

li 

CHa — C — O -- C- (CH 2 )„CH 3 

are unstable. and disproportionate to give the two 
simple anhydrides. (CH>.C 0) 2 0 and [CH^fCHa)* 
CO)mO. Direct use is made of this in the prepara- 
tion of high-molecular- weight anhydrides, 

2C11 2 C O f 2 CHa(CH*) M COOH -* 

Ketene Palmitic acid 

0 O 

'! I! 

2 CH»- < — O-C— (CIIjJhCH,-* 

jMixed anhydride 

(CII 3 C 0) 2 0 + |CH 3 (CH 2 ) 14 C 0| 2 0 
Acetic Palmitic anhydride 
anhydride 

The two simple anhydrides are easily separable hy 
distillation in a vacuum. 

Cyclic anhvdiides are obtained hy warming suc- 
cinic or glutaric acids, either alone, with acetic 
anhxdride. or with acetyl chloride. Under these 
conditions, adipic acid first forms linear, polymeric 
anhydride mixtures, from which the monomer is 
obtained hy slow, high-vacuum distillation. Cyclic 
anhvdrides are also formed by simple heat treat- 
ment of cis-unsaturated dicarboxvlic acids, for 
example, maleic and glutaconic. and of aromatic 
1.2-dicarboxvlio acids, for example, phthalie acid. 
Commercially, however, both phthalie and maleic 
anhydrides are primary products of manufacture, 
being formed by vapor-phase, catalxtie (vanadium 
pentoxide). air oxidation of naphthalene and ben- 
zene, respectively: at the reaction temperature, the 
anhvdrides form directly. 
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Uses. Large quantities of anhydrides are used 
in the preparation of esters. The reaction of acetic 
anhydride with methyl or ethyl alcohol gives methyl 
acetate and ethyl acetate, which are frequently 
used as solvents. Kthyl acetate and butyl acetate 
(from butyl alcohol and acetic anhydride) are 
excellent solvents for cellulose nitrate lacquers. 
Acetates of high-molecular-weight alcohols are 
used as plasticizers for plastics and resins. Vinyl 
acetate, from acetic anhydride and acetaldehyde, 
polymerizes to polyvinyl acetate; •copolymerization 
with vinyl chloride furnishes vinylite resins. Cellu- 
lose and acetic anhydride give cellulose acetate, 
used in acetate ravon and photographic film. The 
reaction of anhydrides with sodium peroxide forms 
peroxides (acetyl peroxide is violently explosive), 
used as catalysts for polymerization reactions and 
for addition of alkyl halides to alkenes. In Friedel- 
Crafts reactions, anhydrides react with aromatic 
compounds, forming ketones such as acetophenone. 

Maleic anhydride reacts with many dienes to give 
hydroaromatics of various complexities. Much 
maleic anhydride is used commercially in the manu- 
facture of alkyd resins from polyhydric alcohols. 
Soil conditioners are produced by basic hydrolysis 
of the copolymer of maleic anhydride with vinyl 
acetate. 

Phthalic anhydride and alcohols form esters 
(phthalates) used as plasticizers for plastics and 
resins. Condensed with phenols and sulfuric acid, 
phthalic anhydride yields phthaleins, such as phe- 
nolphthalein ; with m-dihydroxy benzenes under the 
same conditions, the xanthenes arise, for example, 
fluores in. Much phthalic anhydride is used in 
manufacturing glvptal resins (from the anhydride 
and glycerol), and in the manufacture of anthra- 
quinone. Heating phthalic anhydride with ammonia 
gives phthalimide, used in Gabriel's synthesis of 
primary amines, amino acids, and anthranilic acid 
( o-aminobenzoir acid). With alkaline hydrogen 
peroxide, phthalic anhydride yields monoperoxy- 
phthalic acid, used along with benzoyl peroxide as 
polymerization catalysts, and as bleaching agents 
for oils, fats, and other edibles. 

Anhydrides react with water to form the parent 
acid, with alcohols to give esters, with ammonia to 
yield amides, and with primary or secondary 
amines, they furnish .^-substituted and iY.jV-di- 
substituted amides, respectively. See Acid halide; 
Acylation; Carboxylic acid; Diels-Alder reac- 
tion; Ester; Frif.del- Crafts reaction, [k.b.h.] 

Acid halide 

One of a large group of organic substances pos- 
sessing the halocarbony] group, 

0 

!! 

R—C — X 

in which X stands for fluorine, chlorine, bromine, 
or iodine. The terms acyl and aroyl halides refer to 
aliphatic or aromatic derivatives, respectively. 

The great inherent reactivity of acid halides pre- 
cludes their free existence in nature; all are made 


by synthetic processes. In general, acid halides have 
low melting and boiling points, and show little 
tendency toward molecular association. With the 
exception of the formyl halides (which do not 
exist), the lower members are pungent, corrosive, 
lacrimatory liquids that fume in rnoist air. The 
higher members ure low-melting solids possessing 
more bland physical characteristics. 

The table lists some representative acid halides, 
together with their important physical properties. 

Preparation. Except for the preparation of sim- 
ple aromatic derivatives, where direct chlorination 
of the aldehyde rnav he used, the preparation of 
acid chlorides involves replacement of the carbox- 
ylic hydroxyl of organic acids through treatment 
with the chlorides of phosphorous acid, phosphoric 
acid, sulfurous acid, or sulfuric acid. The following 
generalized equations describe the behavior of the 
above reactants; 


3RCOOH + PC1 3 • 3RCOCI 4 H»P(>* 

RCOOH f PCU * RCOCI 4 POCI:, IK 'I 
RCOOH 4 S()CI 2 > RCOCI f S(> 2 4 IICI 
2RCOOH 4- SO,Cl 2 • 2RCOCI f H,S<) 4 

In addition, the sodium salt of an acid may lie used 
with phosphorus oxychloride: 

2RCOONa I- POCI* ♦ 2RCOC1 4- NaCl r NaPO* 

For aromatic acid halides, the first and the last of 
the above reagent* are preferred. Although acid 
bromides may he prepared by the above methods 
(especially by u*e of PHr.<). arid iodide* are best 
prepared from the acid chloride by treatment with 
either Cal- or HI. and acid fluorides from the acid 
chloride bv interaction with HF or antiinonv fluo- 
ride. ^ 

Reactions and uses. The reactivity of acid hal- 
ich\* centers upon the halocarbony I group, resulting 
in substitution of the halogen by appropriate struc- 
tures. Thus, with substances containing active hy- 
drogen atoms j for example, water, prirnarv and 
secondary alcohols, ammonia, and primary and 
secondary amines), hydrogen chloride is formed 
together with acids, esters, amides, and A-sub- 
stituted amides, respectively: 


RCOCI 4- 


HOH — HC1 4- RCOOH 
C 2 H fc OH -HCl 4 RCOOCdU 
2NII* -» NlliCl f KCONH, 

L 2HNR* * ♦ NH 2 R 2 CJ f RCONR 2 


The industrially prepared acetyl and benzoyl chlo- 
rides are much used in reactions of the above type, 
particularly in the acetylating or henzoylating of 
amines and amino acids, and alcohols, especially 
polyalcohols such as glycerol, the sugars, and cellu- 
lose, to form amides, esters, and polyeaters, respec- 
tively. In the above reactions, the by-product hydro- 
gen chloride must he neutralized. With aliphatic 
acid halide.i, this must be done by using an excess 
of the amine (as shown) ; aromatic acid chlorides, 
being insoluble in water, can be used in the pres- 
ence of aqueous sodium hydroxide (Schotten-Bau- 
mann reaction). An alternative technique uses the 
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Physical properties of add halides* 


Name 

Formulu 

Melting point, °C 

Boiling 
point, °C 

Acetyl fluoride 

CILCOF 

Below —60 

20.8 770 

Acetyl chloride 

CllaCOCl 

-112 

51-52 

Acetyl bromide 

ai,COBr 

-96.5 

76 750 

Acetyl iodide 

CH,COI 


108 

Propionyl fluoride 

CII»CII X C()F 


44 

Propionyl chloride 

ClhClI.COCl 

-94 

80 

Propionyl bromide 

CU.ClI.COBr 


103 104 

Propionyl iodide 

cii,aijCoi 


127 128 

n-Butyryl c hloride 

ciiifcn.hC.oa 

-89 

101 102 

i-Butyryl chloride 

fCllahCHCOCI 

-90 

92 

n-Vuleryl chloride 

C\h(C\hhCA)C\ 

-110 

127 128 

i- Valery 1 chloride 

(:ii3(:M 2 (:ii(ai,)(X)Ci 


1 14-115™ 

n-Caproyl c hloride 

cii.(Ciit)«aK:i 

-87.3 

132.6 

n-Cupryl c hloride 

CllafCHsJoCOCI 

-61 

195.6 

n-IjHiiryl c hloride* 

CIUCII-d.oCOGI 

-17 

143« 

7i- Palm it yl chloride* 

(:ii:,(CM 2 )uCoa 

12 

194- 195 IT 

ri-Stearyl chloride* 

ciMUiiiisCoa 

23 

215 16 

Benzoyl flucjride 

CflIUCOF 


161.5 46 

Benzoyl c*hloride 

CdGCOCl 

-0.6 

197.9 

Benzoyl bromide* 

c.«ii,c:oRr 

0* 

218-219 

Benzoyl iodide 

CdGCOI 

3.0 

135“ 

a-Naphlhciyl chloride 

c: 10 ii 7 (:oa 



0-Nuphthoyl chloride 

CiJItCoci 

13 

301-306 


Based on N. A. Lunge (ed.). HaruUtook of Chemistry, 9th ed. t McGraw-Hill, 1956. 


tertian amine. pvcidui**, both as solvent and as 
neutralizing agent. 

Interaetion tif arid c hlorides with sodium salts of 
organic acids furnishes a general method for the 
{•reparation of arid anhvdrides. Analogously. 

KC0C1 f RGOONa — > \aCI 4 (KC0),0 


RC( »C1 + H 2 P ‘‘ — HCI + RCHO 

poisoned 

The product here is the aldehyde. For reduction to 
the alcohol stage, the vigorous reagent, lithium 
aluminum hydride, reduc es both aliphatic and aro- 
matic acid halides: 


aromatic acyl peroxides, used as bleaching agents 
for flour, fats, and oils, and as polymerization 
catalysts, may he prepared from sodium peroxide 
and the* acid halide: 

2CJU:0CI \ Na,0>-* 

2NaCl I C.;H sCOOOOCOiHa 

Benzoyl peroxide 

See Peroxide. 

Substitution of the halogen atom of acyl halides 
by alkvl or aromatic groups gives rise to ketones, 
many of which are important. The transformation 
may he effected in several ways: 

Inverse addition of Grignard reagents 

RCOC1 -f RCHsMgCl RC()CH 2 R + MgCl 2 
Normal addition of cadmium Grignards 
RCOC1 4- RCH 2 CdCl -> KCOCHtR + CdClj 

By the Friedel-Crafts acylation of aromatic com- 
pounds, using aluminum chloride catalyst in car- 
bon disulfide or nitrobenzene 


RC0C1 + CJI, ~- C ^ RCOCeHt + HCI 

Reduction of acid halides is easily effected 
the Rosenmund method, used mainly for.arom 
aci< * halides, hydrogen and a poisoned pallad 
catalyst are employed 


4RCOCI 4 - LiAlH 4 — LiAICU + (RCH 2 0) 4 LiAl — A 

4RCH 2 OH 4- LiAlCl 4 

Direct substitution of halogen (chlorine fastest, 
bromine more slowly) into acid halides is relatively 
easy, compared with substitution in the parent acid, 
and takes place on the carbon next to the carbonyl 
group. The product is an o-halo acid halide, 
RCHXCOX. These compounds interact with car- 
boxylic acids, via an equilibrium, to form an a-halo 
acid and an acid halide: 

RCHXCOX 4- RCH 2 COOH ^ 

RCHXCOOH 4- RCH 2 COX 

Thus, if a small amount of acyl halide is added to 
* large amount of caiboxylic acid, the latter can be 
chlorinated or brominated to completion by treat- 
ment with either chlorine or bromine (Hell-Vol- 
hard-Zelinski reaction). See Acetylation; Acyla- 
tion; Carboxylic acid; Friedel-Crafts reaction. 

[e.b.r.] 

Acid-fast stain 

A differential stain used in microbiology as one of 
the criteria in the identification of the species in 
the genus Mycobacterium and one species in the 
genus Nocardia . The stain technique is a measure 
of the resistance of stained bacteria to decoloriza- 
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tion by acids. Mycobacterium species include such 
medically important bacteria as the agents of 
tuberculosis, leprosy, and Johne’s disease. As ap- 
plied to mycobacteria, the standard procedure is 
that of Ziehl-Neelsen. which has numerous modi- 
fications. The air-dry smear is usually fixed by 
heating, and stained with a hot solution of carhol 
fuchsin. This is followed by rinsing with water 
and exposure to a solution of 3 C 1 bv volume of con- 
centrated hydrochloric acid in water or in 95 
ethanol. The smear is then washed with water and 
counterstained with methylene blue. Acid-fast sub- 
strates appear red. and other substrates blue. Be- 
cause acid-fast cells are also gram-positive, use of 
the alcohol hastens decolorization without altering 
the results. [g.kn. ] 

Acidolysis 

A chemical reaction involving the decomposition 
of a molecule with the addition of the elements of 
the acid. It is sometimes called acvl exchange. 
The reaction is comparable to hydrolysis or alco- 
holysis. in which water or an alcohol, respectively, 
is used in place of the acid. Acidolysis is most com- 
monly an exchange reaction that is catalyzed by- 
concentrated sulfuric acid, zinc chloride, or boron 
trifluoride. In manv cases such reactions are re- 
versible and thus will not go far toward completion 
unless one of the materials produced is removed as 
fast as it is formed hv distillation or bv reaction 
with a third component. Acidolysis is most com- 
monly applied to the reaction of an organic acid 
and a* **tio anhydride to yield an acid anhydride and 
acetu acid. The acidolvsis of esters and acvl hal- 
ides is a convenient method for the preparation of 
other esters and acvl halides. The usual method for 
the preparation of acvl halides from an acid and 
phosphorus trichloride or thionvl chloride can also 
be considered to he acidolvsis if these reagents arc 
considered the acyl halides of phosphorous acid 
and sulfurous acid respectively. See Alcoholysis; 
Hydrolysis. \ l.h.h.1 

Acipenseriformes 

An archaic order of actinopterygian fishes, repre- 
sented by the sturgeons and paddlefishes, that 
originated from palaeonisciform ancestors during 
Triassic or Jurassic times. Acipenseriformes, also 
known as the Chondrostei, is probably the most 
distinctive Recent order of the Actinopterygii. Its 
characters include a highly chondrified internal 
skeleton; fins which are archaic and sharklike in 
appearance, with more than one ray per pterygio- 
phore; a caudal fin which is strongly heteroeercal ; 
scales which are reduced and often form five series 
of bony plates; rostrum produced, and weak jaws. 
Fleshy barbels are present on the lower surface of 
the snout. The cartilaginous skeleton of the ari- 
penseriform fishes was long regarded as primitive, 
and was taken as indicative of alliance with the 
Chondrichthyes. Recent research reveals, however, 
that this is secondary, and the true relationship is 
with typical bony fishes. 



Lake sturgeon, Ac ipenser fulvescens. (After G. B. 
Goode, Great International Fisheries Exhibition , Lon- 
don, 1883, U.5. Natl. Museum Bull. 27, 1884) 

The Acipenseriformes includes three families. 
The Chondrosteidae became extinct in the Meso- 
zoic. blit the two other families have survived with 
little apparent change from the Cretaceous. The 
sturgeon family Acipenseridae includes 4 Recent 
genera and about 21 species. Sturgeons include 
the largest of actinopterygian fishes, one attaining 
a length of nearly 30 ft. They are sluggish, slow- 
growing, long-lived fishes found in Eurasia and 
North America. All spawn in fresh water hut sev- 
eral species spend most of their lives in the sea. 
Valued commercially for their flesh and as the 
source of caviar, sturgeon have long been seriously 
depleted in America and most of Europe. hut a 
substantial fishery is maintained in Russia. The 
paddlehsh family Polyodontidae consists of two 
Recent species. Psephurus film! ins of China and 
Polvodon spathula of the eastern I'nited States. 
These are large fresh-water fishes with long flal 
tened snouts and nearly naked bodies. See A* n\- 
OPTKRYGII. Ir.M.II. j 

Ackerman steering 

Differential gear or linkage that turns the two 
steered road wheels of a self-propelled vehicle sn 
that all w heels roll on circles w ith T common cen- 
ter. If a vehicle is to turn without lateral skid of 
anv wheel, the center lines of all wheel axles must 
intersect, when extended, at every instant in a com- 
mon center about wdiich the vehicle turns (Fig. 1 i. 
This requirement is the Ackerman principle of toe 
out on turns. It is used universally on wheeled ve- 
hicles. For straight, forward motion, the front 
wheels are substantially parallel, hut as the vehicle 
enters a curve the inner wheel turns more sharply 
than the outer wheel. The extreme condition occur- 



Fig. 1. All wheels turn about a common center. 
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Fig. 2. Inwardly inclined steering knuckles cause 
wheels to toe out on turns. 


wlion the whirls is on a curve of its turning ra- 
dius. (Turning radius is the arc described by the 
t i nter of the track made bv the outside front wheel 
id the vehicle when the \ehicle makes its shortest 
turn. ) 

\ common configuration that produce- Ackerman 
Peering inclines the knuckle arms inwardly and 
rearwurdlv (Fig. 2). The angle of inclination de- 
pends on wheel base and tread of the vehicle. Wheel 
base is the distance from front to rear wheels, meas- 
ured between centers of ground contact. On a vehi- 
cle with two rear axles, the rear measuring point is 
un the ground midway between rear a vies. Tread of 
j vehicle is the distance between front wheels, or 
between rear wheels, measured from centers of 
ground contact. Nee Automotive steering; Fom- 
in n LINKAGE. [w.K.C. I 

Acne 

The appearance of small pustules, with adjacent 
inflammation, scarring, and a tendenev to chronic- 
ity. on the face, neck or upper trunk. The most 
common form is known as acne vulgaris and pre- 
sents a commonplace hilt important problem, espe- 
cially at the time of puberty, menstruation, or fol- 
lowing any of a host of predisposing factors. These 
factors have different effects on various persons, 
because susceptibility to acne is almost an indi- 
vidual matter. Dietary excesses, emotional stresses, 
faulty hygiene, excessive oiliness of the «kin. and 
familM tendency often play a role in acne. 

Regardless of the predisposing conditions, the 
disorder occurs when a hair follicle or oil gland of 
the skin becomes plugged and then infected, usu- 
ally with a variety of saprophytic staphylococci. 
The resulting inflammation causes further tissue 
damage and the normal tendency for such a pustule 
to heal spontaneously without leaving a blemish is 


affected by the chronicity of the infection, the ex- 
tent of the involvement, and the patient’s inclina- 
tion to squeeze or otherwise cause additional dam- 
age to injured areas. 

Other forms of acne are recognized, the most 
common being acne rosacea which occurs in older 
persons. This is seen as reddened inflamed areas of 
the face, especially the nose and cheeks, and oc- 
curs in susceptible individuals following local ir- 
ritation, faulty digestive habits, alcoholism, and 
other predisposing causes. See Skin; Skin disor- 

DKRS. 

In each of these common types emotional and 
vasomotor instability may, in certain cases, be con- 
tributing factors. [e.g.st.] 

Acnidosporidea 

A class or a subclass of Sporozoa, according to 
some authorities. They are distinguished from 
other similar groups by the production of spores 
which lack polar filaments. The spores are en- 
closed in a membrane and each contains a single 
sporozoite. Some protozoologists do not recognize 
the Acnidosporidia as a taxonomic group at all. 

Two subclasses (or orders) have been placed 
in the Acnidosporidia. the Sarcosporidia and the 
Haplnsporidia. There is reason to believe that the 
Sarcosporidia may be fungi rather than protozoa; 
some authorities regard Haplosporidia as a class. 

The Sarcosporidia are muscle parasites of ver- 
tebrates. Little is known about the Haplosporidia, 
which occur in numerous invertebrate hosts and 
pnssihlv in some vertebrates. See Haplosporidia; 
Sakcosporidia : Sporozoa. [r.d.m.] 

Acoela 

An order of marine Turbellaria without protone- 
phridia or digestive cavity, but with the mouth 
opening directly or through a simple pharynx into 
a digestive pareio hyma (see illustration). Acoeles 
seldom exceed 1 » entimeter in length and have lit- 
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tie color except for that imparted by symbiotic 
algae. The primitive nervous system has poorly de- 
veloped cerebral ganglia and several pairs of lon- 
gitudinal nerves. Sense organs include statocysts, 
sensory bristles, and occasionally eyes. Reproduc- 
tion is sexual and scattered clusters of gametogonia 
produce sperm and entolecithal eggs. Sperm ducts 
are present and other accessory structures may oc- 
cur, but there are no oviducts. Acoeles are of con- 
siderable phylogenetic significance because flat- 
worms and all higher animals may have evolved 
from an acoeloid ancestor which in turn arose from 
a planuloid coelenterate. See Turbellaria. 

[e.r.j.] 


Acoelomata 

A subdivision of the animal kingdom including the 
flatworms (Platyhelminthes) and ribbon worms 
(Rhynchocoela or Nemertinea). The name refers 
to the absence of a space or cavity between the 
body wall and the digestive tract and other organs 
that occurs in many other groups. In acoelomate 
animals this region is filled with mesenchyme, a 
somewhat primitive type of packing or connective 
tissue that contains free cells or amebocvtes vari- 
ously embedded in fluid, gelatinous material, or fi- 
brous substance. See Euc.of.lom at a ; Pi.atyhf.l- 
MINTHES ; P.SF.CDOCOELOM at a ; Rhynchocofla. 
See also Animal kingdom. [t.ls.] 

Acoustic mine 

A naval mine which i* actuated by acoustic means. 
Such a mine, which may he laid by aircraft, sub- 
marine*. or surface craft, generally rests on the 
bottom in fairly shallow water. It is set off by the 
noise emitted by its intended target as the target 
passes near by. Since the mine lie* on the bottom, 
it may contain much more explosive charge than a 
buoyed mine (perhaps 500 1 50() lb). Verv often, 
the acoustic triggering mechanism is used in con- 
junction with another triggering device, such as a 
magnetic sensor. This makes defensive minesweep- 
ing more difficult since the mine will not fire unless 
both an acoustic and a magnetic signal are received 
simultaneously. Minesweeper* employ high power 
underwater acoustic generators in attempting to 
fire such mines at safe distances. See Acoustic. 
TORPEDO. I R.W.MO.j 

Acoustic torpedo 

A naval torpedo which locates its target by acous 
tic means. It is often called a homing torpedo. Ex- 
cept for the special method of finding its target, 
such a torpedo is similar to other types in si/e, war- 
head. and method of propulsion. Initially, it is 
aimed toward the genera] vicinity of the desired 
target; when sufficiently close for the acoustic de- 
tection system to acquire a fix on the target ( per- 
haps a few hundred yards), the torpedo is steered 
the remaining distance by servomechanisms. The 
acoustic detector, which supplies target informa- 
tion for the guidance system, may be of two gen- 
eral types: passive, whereby the torpedo “homes” 



The Mark 32 acoustic torpedo is shown leaving its 
launcher. It does not have to be fired from a torpedo 
tube but may be merely tossed over the side of a ship 
from an open launcher. ( Official U.S. Navy photo- 
graph) 


on sounds emitted l>\ the target vessel, such as 
propeller noises; or active, in which the no*e of the 
torpedo contain* a small sonar device which re- 
flects pulses of sound off the target (see Sonar). 

Since anv transducer which can he carried in a 
torpedo must he small, and since for guidance to a 
target the detector must have good directivity, the 
frequencies used by acoustic torpedoes are gener- 
ally fairly high. Consequently the range of target 
detection is relatively short. The motion of the tor- 
pedo through the water generates noises which 
tend to mask target noises; thus, an acoustic tor- 
pedo generally i* relatively slow in speed in order 
to reduce this “self” noise to an acceptable level. 
In naval warfare, the accepted defense against 
acoustic torpedoes is to u*e expendable noisernak- 
£rs or other decoys which attract the torpedo awav 
from the intended target. See Acoustic mine; 
Antisubmarine warfare; ISdehwater sot nil 

| H.W.MO. ] 

Acoustics 

The science dealing with human experiences re- 
sulting from stimulation of the organs of hearing 
by vibrations set up in the air. The source of the 
vibrations is usually a vibrating surface or a vibrat- 
ing column of air. For example, in the first class 
are the vibrating strings of the violin, piano, guitar, 
and the vibrating surfaces of drums, rods, and 
reeds. In the second class are the organ pipes, the 
human voice, and all the wind instruments. Acous- 
tics considers the laws that govern the possible 
modes of vibration of these various sources of 
sound and the mechanisms of transferring the radi- 
ation of the sound from the sources through solid, 
liquid, or gaseous media to the ear or to some other 
desired place. Acoustics may be divided into many 
fields. The following are some of the ones com- 
monly userf. 

Engineering acoustics deals with the study, de- 
sign, and construction of such things as micro- 
phones. loudspeakers, phonograph recorders and 
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reproducers (both disk and tape), and public ad- 
dress systems. The term electroacoustics is some- 
times used to cover most of this field, for it deuls 
with the production, detection, and control of 
sound by electrical devices. 

Architectural acoustics deals with the behavior 
of sound waves in rooms and with the laws that 
enable one to construct rooms which carry sounds 
(usually music and speech) in a satisfactory way 
from source to listener. 

Psychoacoustics deals principally with the me- 
chanism of speaking and hearing and other psy- 
chological effects of the stimulation of sound. 

Musical acoustics deals with the laws governing 
the action, design, and construction of musical in- 
struments (including the human voice), and also 
the effect of musical sounds upon listeners. 

Ultrasonics is concerned with acoustical phe- 
nomena where the vibration rate is above the audi- 
ble range, that is. above approximately 20,000 cy- 
cles per second. 

Underwater sound deals with various phenomena 
produced by sound waves in water. Most of the 
theory is basically the same as that for sound waves 
in air, but the experimental apparatus and tech- 
niques are quite different. This difference is due 
principally to the fact that the characteristic im- 
pedance of water is H 600 times that of air. which 
means that small displacements and large pres- 
sures are involved in sound waves under water. 

Noise control was formerly classified as a part 
of architectural acoustics, but it has herome so im- 
portant in urban areas and especially in areas 
close to ait fields that this subject now is considered 
a separate branch of acoustics. Closely allied to 
noise control is vibration control, including vibra- 
tion isolation, vibration damping, and shock isola- 
tion. See Architectural acoustics; Elkctroa- 

< Ol 'sTICS ; LOUDSPEAKER; MICROPHONE; MUSICAL 

unrsiirs; Noise, acoi'stic; Noisf. control; Psy- 

(HOAr OCSTICS; PUBLIC ADDRESS SYSTEM; SHOCK 

isolation; Sound; Sound recording; Sound re- 
production SYSTEMS, ELECTRICAL; ULTRASONICS; 

Underwater sound; Vibration; Vibration damp- 
ing; Vibration isolation. Th.fl.] 

Acrania 

A group name applied to the lower chordates, the 
tongue worms (subphylum Hemichordata ) and 
their allies, the tunicates of all kinds (Tunicata), 
and the lancelets (Cephalochordata) . These ani- 
mals have no cranium, jaws, vertebrae, or paired 
appendages. The Acrania are contrasted with the 
Craniata or vertebrates, the cyclostomes, fishes, am- 
phibians, birds, and mammals that have the charac- 
teristics mentioned. Some zoologists restrict the 
name Acrania to the lancelets, or amphioxus. See 
Craniata. [t.i.s.1 

Acrasiales 

A group of simple microorganisms. They are also 
known as the Acrasieae and are included by some 
authorities in the phylum Myxomycophyta of the 
botanists and Mycetozoida of the zoologists. 


The Acrasieae occupy a position near the diver- 
gence of the plant and animal kingdoms. In their 
life cycle they exhibit some of the attributes of 
each. Their vegetative phase consists of the inde- 
pendent growth of small ameboid cells, myxamoe- 
bae, which are indistinguishable from many free- 
living soil amebas, or Protozoa. Their fruiting phase, 
on the other hand, is marked by the aggregation of 
these myxamoebae into relatively large cell commu- 
nities from which emerge multicellular fructifica- 
tions, or sorocarps, which superficially resemble 
simple plants and in which cellulose is an important 
building material. The myxamoebae feed upon a 
wide variety of bacterial cells, engulfing and di- 
gesting these in the manner common to ameba^ 
generally. 

The Acrasieae occur in almost all fertile soils 
and are particularly abundant in the decayed leaf 
mold of long-established deciduous forests. They 
are not known to be parasitic to either plants or 
animals, but are of special interest to biologists be- 
cause of their unique fruiting habits. They are com- 
monly referred to as cellular slime molds because 
the individual myxamoebae retain their identity 
throughout the entire developmental cycle and ulti- 
mately differentiate either into sterile cellular ele- 
ments of the supporting stalk or into spores capa- 
ble of germinating to release vegetative myx- 
amoebae. See Mycetozoida; Protozoa. 

Nine genera have been described, of which Die - 
tyostelium and Polvsphondylium have been studied 
most intensively. The mature fructification of 
Dirtyostelium typically consists of an upright ta- 
pering stalk bearing a globose spore mass, or sorus. 
at its terminus. Structurally, the stalk consists of 
a column of strongly vacuolated and compacted 
cells (superficially resembling pith cells) sur- 
rounded by a tubelike cellulose sheath, whereas the 
sorus consists of thousands of small spores with 
cellulose walls suspended in a droplet of slightly 
viscous slime. The stalk cells die during the proc- 
ess of differentiation and the number of myxa- 
moebae thus sacrificed usually represents as much 
as 20% or more of the total population. In contrast, 
each spore is capable of giving rise to a single 
myxamoeba that may reinitiate the complete cycle 
when placed in a favorable environment in the pres- 
ence of suitable food bacteria. In Dictyostelium the 
stalk is typically unbranched, although in some spe- 
cies it may bear one or more side branches that 
show no definite position. 

In Polysphondylium , on the other hand, the fruc- 
tification regularly consists of a central stem that 
hears whorls of side branches at regular intervals, 
suggesting in form a miniature pine tree. In the 
latter genus, and in the larger species of Dictyo- 
stelium , individual sorocarps may attain a length 
of 1 to several centimeters depending upon environ- 
mental factors such as abundance of nutritive bac- 
teria, favorable temperature, hydrogen-ion concen- 
tration, and appropriate illumination. Many of the 
Acrasieae are strongly phototropic and when in- 
cubated in one-side light they build long stalks in 
the direction of the source (see Taxis). In most 
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,-riw soroearps arise from the points at which 
the mvxamoebae coine together to initiate the 
fruiting stage. In D. discoid e um * cartrnlge-shaped 
Lass of mvxantwhae forms a. the s„e of aggrega- 
tion and then, responding to hght. moves us a mul- 
ticellular unit for distances up to several . eniimo- 
ters before stopping to construct a vertical son,- 
carp (see illustration). During this movement the 
thousands of mvxamoebae that comprise the so- 
called migrating pseudoplasmodium persist as indi- 
vidual cells hut show a remarkable degree of inter- 
cellular coordination and presumptive specializa- 
tion. Cells in the apical area receive stimuli, such 
as light, and direct the movement of the whole 
mass, and in subsequent sorocarp formation thev 
contribute to the construction of the “talk, whereas 
cells of a larger posterior fraction form the spores. 

The phenomenon of cell aggregation i* most 
striking, and various explanations of its cause have 
been proposed. It has been established that this 
generally follows the exhaustion of the food source 
and that it is effected by the secretion of a chcmo- 
tactio substance which is first produced by specific 



Dictyostelium discoideum, a cellular slime mold, (a) 
Vegetative stage showing field of independent, un- 
oriented myxamoebae. (b) Developing aggregation (or 
pseudoplasmodium) with myxamoebae streaming to- 
ward a center, (c) Migrating pseudoplasmodium moving 
toward light source at right, (d) Cessation of forward 
movement and assumption of a vertical orientation at 
beginning of sorocarp formation, (e) Completed soro- 
carp showing tapering stalk arising from a flattened 
basal disk and bearing a rounded spore mass or sorus 
and detail of sorocarp construction at several points. 
(After tC. B. Raper, Isolof ion, cultivation, and conser- 
vation of simple slime molds. Quart. Rev. Biol., 2 6(2): 
769-190, 7957) 


t ells or small groups of rells that then induc e other 
myxamoebae to sec rete the uttrartant after they en- 
ter the aggregation. The name arrasin has been ap- 
plied bv J. T. Bonner to this rhemotactic substance, 
and further work by B. Shaffer has shown that the 
acrasins of different genera and species are specific: 
in var> ing degrees for particular members of the: 
group. Later studies by B. Wright suggest that the 
chemotactic substance in D. discoideum is a ster- 
oid. See Steroid. 

Dictyostelium and frdvsphondylium are repre- 
sentative of the Dict>osteliaceae and are character- 
ized by strongl) differentiated fructifications. Mem- 
bers of a second family, the (iuttulinaceae, show 
much simpler fruiting structure*. The component 
cells in these ma\ he only slightly differentiated 
and contain little or no cellulose. \\ hether of com- 
mon or divergent origin, the latter slime molds are 
believed to repiesent less advanced forms that ma\ 
be regarded as -somewhat intermediate between the 
Dict\o>teliaceae and the va*t arra> of free-living 
-oil and aquatic amelia* that never attain a multi- 
cellular or community organization. |k. ii.it.) 

Bibliography : J. T. Bonnei. The Cellular Slime 
Molds, Princeton I niver.-ity Investigations in the 
Biological Sciences I. 1050. 

Acridine 

One of a group of organic lieterocvclic compounds 
(also called O-a/aanthraceiie* I lontuining benzene 
ring* fused to the 2..\ and 5.0 positions of pvridinc 
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\cridine 1 1 i i* a tvpical member of the group. See 
Hhmuxv i.k <oMj*(»i m»s. Several important d\e* 
and medicinal* are a< ridine derivative*. Acridine 
it*elf wa* first noted a* a minor contaminant of 
coal-tar anthracene. 

Acridine i* a faintly vellow solid, nip 1 10 110.5*. 
that shows marked fluorescence. 'Hie compound, as 
a tertiarv amine, is a weak base { pK„5.6ft at 20 ' I 
forming simple and quaternary salts as well as 
Ar-oxides. Acridine shows aromatic character. It i* 
stable to heat, alkali and acid, and it undergoe* 
substitution reactions such as bromjnation. nitra- 
tion. and sulfonation. Acridine has an experimental 
resonance energy of 106 kcal/mole. 

An important general acridine synthesis start- 
ing with .V-phcnylanthritnilic acids is illustrated 
below in the preparation of qiiinacrlne (VI). An- 
other method condenses a diphcnylaiYiinc (II ) with 
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a carboxylic arid to give a it uteci acridine 

(III). .Ih-Diaminoacridinc'-' arc rcadiiv formed 1»\ 
healing m-|»hen\ lenediamines with formic acid. 

(Juinacrine (VI). also called inepacrine. Ate* 
lain. or 2*methoxy-6-ohh»ro- ( ). ( 4'diethvlamino- 
r methylhut\l I -arninoacridine. i* a \aluahle anti- 
malarial ding. A commercial «\nthesj<< cycli/es the 
\ ai \ lanthranilic acid (IV) to the 9-chloroacridine 
iVi. which with the appropriate amine give* the 
'J-amino compound, quinacrinc (VI I. Although 
fjiiinacrine has been widelv used a* a clinical sup 
[•revive, it i^ not the ideal untimalarial drug. It is 
n.»l a preventative nor a true curative agent: with 
icpeated u*e. it graduallv dve* the '-kin vellovv : 
.md it occasionallv causes ^emndaiv irritations. 
Ollier acridines have attracted attention as me* 
«li* inals. tor example, acrifluvine l .Vi-dianiino* J (>- 
uiftliv lacridinium chloride I against sleeping sic k- 
ness and as an ant iliac Serial agent. and Rivanol 
• k^-diamino-T-etliowacridine l against amebic dv^- 
entrr \. 

\mino-s|]hstiluted acridines, such as I VII I and 
(Will, are useful in dveing protein fibers vellow. 



(CHshN n«:ii 3 ) 2 

Acridine Orange NO 

(VII) 



nh 2 nh 2 


Ben/oflavine 

(VIII) 

orange, or brown. The acridine vat dyes, in which 
a* ridone and anthrnquinone nuclei are fused by 
‘'haring a benzene ring in common, are fast and 


provide u wide range of colors. One such dye (IX) 
CcdUCONH V 



Indanthrene Printing Blue KG 

(IX) 

is used in printing a bright blue on calico. See 
Dyf.. | w.j.ge.] 

Hihliopraphv: K. M. Acheson, Acridines , 1956; 
A . \ I bert, 77i e A cridi n es % 1 % 1 . 

Acrolein 

The sini[dest member of the class of unsaturated 
aldehydes, formula. CHj~— CHCHO. It is a clear, 
colorless, volatile liquid, and it is miscible with 
moM organic M.!v*»nts. At 20°C. about 20 g of 
acrolein will dis'^lve in 80 g of water. Acrolein 
is a powerful lacrimator and is highly toxic. 

On a commercial scale, it is manufactured by 
direct oxidation of propylene with air or by cross 
condensation of acetaldehyde with formaldehyde. 
Acrolein is the starting material for the manufac- 
ture of many organic compounds including alco- 
hols. diols. triols. aldehydes, acetals, acids, esters, 
and ethers. It is used to make plastics and methi- 
onine, one of the essential amino acids. See ALDE- 
HYDE. [b.W.K.1 

Arrothoracica 

An order of the subclass Cirripedia. These crusta- 
ceans are permanently fixed in holes which they 
bore in mollusk and barnacle shells and in corals. 
The mantle is without calcareous plates. Thoracic 
appendages are usually fewer than six pairs, and 
often are greatly reduced. Posterior cirri are widely 
separated from the first cirrus and the abdomen is 
absent or represented by caudal (urea. Antennules 
are lacking in the adult, cement glands are much 
reduced, and the ovary is situated in the thickened 



52 Acrylonitrile 


external .. mouth part* 

mantle flap y fh * n and first cirrus 


aperture of 
shell cavity 



dorsal 


.in 

(early aperture) 


point of 
attachment 


lateral 


natural position 


Trypetesa lateralis Tomlinson (Acrothoracica). (From 
J. 7. Tomlinson , A burrowing barnacle of the genus 
Trypetesa (order Acrothoracica), J. Wash. Acad. Sci., 
43(11):373-381, 1953) 


part of the mantle, or disk, which may also serve 
as an organ of attachment. The sexes are usually 
separate; the male is smaller than the female, and 
attached to the edge of the hole or to the disk. 

Several families are differentiated, mainly by the 
method of attachment and the reduction of the cirri. 
All known species are small, about 10 min or less 
in diameter. The exact distribution of most species 
is unknown but at least one species, Trypetesa 
lam pas, has a wide distribution. See Cirripkdia. 

[ D.P.II. ] 

Acrylonitrile 

An organic chemical compound, CH 2 =CH- 
Gs=N, with boiling point 78°C, and density 0.797. 
It is soluble in water. The CN group increases 
sharply the reactivity of the unsaturated double 
bond. Base-catalyzed additions to acrylonitrile oc- 
cur with nearly all compounds containing active 
hydrogens, for example, water, alcohols, phenols, 
and other substances with hydrogen on oxygen, 
nitrogen, or sulfur. A cyanoethyl group on Y gave 
the process the name cyanoethylation. Large-scale 

CH2=CH — Cs-N + HY -> YCHz— CH 2 - -C«N 

production of acrylonitrile followed discovery of 
its wide application as a polymer in polyacryloni- 
trile (acrylic fibers), as a hydrolyzed polymer in 
soil conditioners (Krilium), and as copolymers 
with butadiene (Buna rubbers), vinylpyridine (Or- 
ion and Acrilan), and vinyl chloride (Dynel). See 
Cyanoethylation; Nitrile; Polyacrylonitrile 
resin; Polymerization. [l.b.c.] 

Actiniaria 

An order of the Zoantharia known as the sea anem- 
ones (Fig. 1), which are the most widely distrib- 
uted of the anthozoans. They have even been dis- 
covered in frigid waters. Usually they are solitary 
animals which live under the low-tide mark at- 
tached to some solid object by a basal expansion 
or pedal disk. They feed on various prey such as 
copepods, mollusks, annelids, crustaceans, and fish. 
The burrowing species, like Edwardsia, Halcam ■ 
pella, and Harenactis , lack a pedal disk and bury 
their elongated bodies in the soft sediment of the 



(a) 


3 mm 






Fig. 1. Sea anemones, oral view, (a) Anthopleura sp 
young, (b) Same species, adult, (c) Dladumene luciae 
young. 
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Fig. 2. (a) Cross section of Anthopleura sp. (b) Mesen- 
teric filament of Phymanthus crucifer . ( After J. Duer- 
den) 


oceans. The aetinians move rather actively. Gonar- 
nnui and llolorrroides can swim by using their ten- 
tacles. 

Morphology. The freely retractile, skeletonless 
pnlvp has a cylindrical bodv. with a thick, tough, 
lough column wall often bearing rugae, verrucae. 
tubercles, or suckers. The body is often encrusted 
with sand giains, pebbles, and other detritus, /fr- 
tinin, lUadumrnr . Metriiiium , and other species 
have smooth thin wall . The acrorhagi or marginal 
spliaeniles. small rounded bodies covered with nem- 
.ilocv s| S . ate arranged in a circlet on the margin 
which i* the junction between the oral disk and col- 
umn. W hen lacking neinatocvsts. ihev are termed 
lionds or pseudoucrorhagi. Neinatocvst.s discharge 
a to\i< substance, tetramethy lanunoniurn hvdroxide 
nr tetramine; however, the human skin is seldom 
affected bv this. The junction between the pedal 
ih^k and column is termed the limbus. In Tealia . 

Uimionin, /Vie///#/, ! I Min/ h us, and mam other spe- 
i ies. the upper part of the column is folded to form 
a <ollar or parapet, which divides the bodv into an 
upper capitulum and a lower scapu*. Normally 
anemones have two sjphonoglyphs. the sulcus and 


siileulus. and are termed diglyphic (Fig. 2a) ; how- 
ever. motioglyphic and occasionally tri- or tetra- 
glyphic species such as Diadumcnc and Metridium 
occur. The colors vary with species and many varia- 
tions occur even among the same species. Diadu - 
me nr lucinr has been divided into four races ac- 
cording to differences in color. 

The tentacles increase in number regularly and 
are arranged in several cycles. There are 6 primary, 
() secondary. 12 tertiary. 24 quaternary, and so 
forth in the hexumerom- type (Fig. 1 ). The paired 
mesenteries appearing first in couples show a bilat- 
eral arrangement. Their retractor muscles face 
each other except the sulcal and asulcal pairs or 
directives which face away from each other. The 
space between each set of the paired mesenteries 
is an entoeoele while its neighboring space is an 
exocoelc, in which additional pairs of mesenteries 
are added (Fig. 2« ) . All the spaces communicate 
with each other either by oral or labial stomata; 
marginal or parietal ones, or both may be present. 
The mesenteric filament is composed of three tracts, 
the cnidoglandulai. ciliated, and alveolar (Fig. 2b). 
In Diadumcnidae. Metridiidae. and Sagartiidae 



^'9- 3. (a) Egg of Anthopleura Stella, (b) Spermato- 
zoa of A. xonthogrammica. (c) Ciliated larva of An- 
fho pleura sp. (d) Larva just after extrusion. 






Fig. 4. Longitudinal fission and laceration of the 
pedal disk in Diadumene luciae. (a) Beginning of fis- 
sion. a) After 9 1 ** hours, (c) Polyp divides into 3 un- 
equal portions. ( d ) Beginning of laceration, (ei A small 
piece is separate. 


whitish thread* nr arnntia protrude from small 
pores or oinclide* of the rnlumn. These- arnntia are 
continuation* of the septal filaments. 

The musculature i* the most highly developed in 
the coelenterate*, Generally, the longitudinal mus- 
cle is ectodermal, and the circular muscle, endo- 
dermal. The principal muscles are the longitudinal 
retractors, which form characteristic muscle hand*: 
circular muscle* of the column: marginal and ten- 
tacular sphincters, which serve to contract the body, 
oral di*k. and tentacles respectively; the basilar 
muscle in the pedal disk; and, near this, the pa- 
rietobasilar. 

Reproduction. Most actinian* are dioecious. The 
egg is comparatively large in size and contains a 
great amount of yolk. It is* covered with numerous 
short processes (Fig. 3r/). The spermatozoon has a 
long flagellum (Fig. 36). Developing larvae (Fig. 
3c,// 1 pass through the Eduardsia stage with 8 com- 
plete mesenteries, then the Hnlrampoide . i stage 
with 6 pairs of protocnemes. longitudinal fission 
frequently occurs as well as budding /Fig. 4tf,6.r). 
.Sometimes new individuals result from laceration 
(Fig. 4//,e). See Zoantharia. (k. a tod a | 


Actinide elements 

The series of elements beginning with actinium 
(atomic number 89) and including thorium, prot- 
actinium, uranium, and the transuranium elements 
through the element lawrencium (atomic number 
103). These elements are chemically similar and 
have a strong chemical resemblance to the lantha- 
nide. or rare-earth, elements of atomic numbers 
37 to 71. 

Studies of the chemical and physical properties 
of actinide and lanthanide elements and their com- 
pounds have indicated that their electronic struc- 
ture must he similar; an inner electron shell of 
fourteen 5/ electrons in the case of the actinides, 
and fourteen 4/ electrons in the case of the 
lanthanides, is filled in progressing across the 
series. Except for thorium and uranium, the actinide 
elements are not present in nature in appreciable 
quantities. The transuranium elements were dis- 
covered and investigated as a result of their syn- 
theses in nuclear reactions. All are radioactive, and 
except for thorium and uranium, w r eighable amounts 
must he handled with special precaution*. 

The uranium isotope* and U :nfk and the 

plutonium isotope Pir™ undergo nuclear fission 
with slow neutron* with the liberation of large 
amount* of energy. Thorium can he converted to 
V-"\ and the isotope l T - iH to Pir ,r ' hv neution ir- 
radiation: hence thorium and natural uranium can 
he used indirectly as nuclear fuel*. 

Ion-exchange chromatography ha- been an im 
pnrtant experimental technique in the *tudv of the 
chemistry of the actinide elements. This method 
together with the analogy between corresponding 
actinide* and lanthanide* was tliej^ey to the dis 
co\erv of the fran-curiuni elements. 

The actinide elements are verv similar rhemi- 
calh. Most have the following in common: trivalent 
cations which form complex ions and organic 
chelates; soluble sulfates, nitrate*, halides, per- 
chlorates. and sulfide*; and acid-iiisoluhle fluoride- 
and oxalates. 

Transherkeliiim element* apparently exi*t pre- 
dominantly in the 111 state in aqueous solution. The 
stability of higher oxidation states compared to the 
Ilf state decreases with increasing atomic number. 

Many solid compounds including hydride*, ox- 
ide*, and halide* have been prepared by dry rhemi 
cal methods. Binary compound* w r ith carbon, 
nitrogen, silicon, and sulfur are of imerest because 

Oxidation states of actinide elements 
in aqueous solution 


Oxidation state Elements 

III Pa (some ••vifleiirr), l r , Np, I'u. 

\iii, fan, Hk, Of. Ks, Km, Md 

IV Th, I’u. I', Np. Pu, Kk 

V Pn 

V (.'is MC.-i+ions) I\ \p, Pu, Am 

VI (as IT. Np, Pu. \«n 


of their stability at high temperatures. See Actin- 
ium; Atomic structure and spectra; Lawren- 
riuM; Periodic: table; Protactinium; Thorium; 
Transuranium elements; Uranium. |g.t.s.] 

Actinium 

A chemical element, Ac, atomic number 89, and 
atomic weight 227.0. Actinium was discovered by 
A. Debicrne in 1899 as a fraction in uranium resi- 
dues. However, it was difficult to isolate in an up- 
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preciable i|uantity. Milligram quantities of the cle- 
ment are now available by irradiation of radium in 
a nuclear reactor. 


Ka 226 (/i,7)Ka 227 ; Ra 227 Ac 227 


\ctinium-227 is a /7-emitting element whose half- 
litc 22 years. Six other radioisotopes of actinium 
with half-lives ranging from 10 days to less than 1 
minute have been identified. X-ray diffraction 
and micmohemieul methods have permitted the 
preparation anil identification of several com- 
pounds of actinium. 

The relationship of actinium to the element lan- 
thanum, the prototype rare earth, is striking. In 
every case, the actinium compound can he pre- 
pared b\ the method used to form the correspond- 
ing lanthanum compound with which it is isomor- 
phous in the solid, anhydrous state. Examples of 
reactions by means of which some actinium com- 
pounds have been formed are 


Ac 2 (>3 + 6HF — 2AcFa + 3H 2 0 
AcF 3 +1I 2 0 AcOF + 2HF 
Ac 2 0* + 3CCU — 2AcCl s + 3COCU 
Ac 2 0 3 + 2AlBr 3 — + 2AcBr 3 -f A1 2 0 3 

In many cases, the compounds were prepared in 
fine glass or quartz capillaries, were separated 
front the reaction products by sublimation, and 
were subjected to x-ray diffraction analysis in the 
capillary. This method has proved extremely ad- 
vantageous; the disintegration products of actin- 
ium are highly radioactive, and containment within 
a sealed capillary minimizes the hazard. Further- 
more, the process of sublimation disposes a ihin 
film of material on the walls of the capillary in 
such a way that it produces a maximum effect in 
diffraction of x-rays. As little as 10 pg of material 
has been identified in this manner. 
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The actinium 3* ion is the largest and most 
basic of the 3* ions, and resists hydrolysis to an 
unusual extent. See Actinide elements; Lantha- 
num; Nuclear reaction; Radioactivity, [s.f.] 

Bibliography. J. J. Katz and G. T. Seaborg, The 
Chemistry of the Actinide Elements , 1957. 

Actinomycetaceae 

A family of bacteria belonging to the order Actino- 
mycetales. They produce elongated cells, usually 
filamentous in nature, with a tendency to the de- 
velopment of branches. Some of the cells fre- 
quently show swellings, clubbed or irregular 
shapes. Some species require oxygen and grow 
best at a high oxygen tension of 20% or more;* 
others grow only in the complete absence of oxy- 
gen. Some are parasitic in man and in animals. 
These organisms grow readily on artificial media 
and form well-developed colonies. Some of the or- 
ganisms are colorless or white, whereas others are 
pigmented. The family is divided into two genera, 
Actinomyces and Nocardia (see illustration). 

Actinomyces. This genus comprises forms which 
are anaerobic or microaerophilic. Microaerophilic 
bacteria need oxygen but grow best at reduced oxy- 
gen tension. The Actinomyces are nonacid fast, 
that is, a basic dye such as fuchsin can be removed 
from the bacteria with acidified ethanol. They do 
not attack protein (nonproteolytic) and do not 
form diastase (nondiastatic), an enzyme which at- 
tacks starch. They produce no filterable stages and 
show no serological reactions with other genera of 
actinomycetes. The spores are formed by enlarge- 
ments which develop upon an existing filament and 
not by outgrowth from the tip. 

The species are mostly pathogenic in nature. 
They have been isolated from granules in the pus 
of morbid (diseased) tissues of a human and ani- 
mal disease known as actinomycosis. 

Observations are also on record concerning the 
occurrence in various natural substrates of non- 
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pathogenic, mesophilie, anaerobic actinnmycetes. 
These saprophviit forms may be proteolytic, ac- 
tively fermentative, and possess marked reducing 
properties. 

The first authentic actinomycete, described as a 
causative agent of a disease, was Actinomyces 
bovis . It produces lumpy jaw in cattle and has a 
number of synonyms. Another anaerobic species is 
now recognized, Actinomyces israeli . which causes 
infections in man. See Actinomycosis. 

Nocardia. This genus represent* a group of mi- 
croorganisms belonging to the actinomycetes ami 
includes both pathogenic and saprophytic form*. 
This genus may be said to represent an intermedi- 
ary group of bacteria between the genera Mycobac- 
terium and Streptomvces. 

The genus Nocardia comprise* entirely aerobic 
forms. The colonies produced by the*e organisms 
are either smooth, or rough and much folded; 
they are usually of a soft or doughlike consist- 
ency, but are often compact and leathery, espe- 
cially in early stages of growth. Many specie* do 
not produce anv aerial mycelium. Some give rise 
to a limited aerial mycelium which may be struc- 
turally similar to that of the substrate mycelium. 
Still others may form a mycelium that cannot be 
distinguished from that of a Streptomyres. Some 
are acid fast. A number of organism* previously 
described a* specie* of Mycobacterium actual I v 
belong to the genus Nocardia according to their 
definite mycelial growth in the initial stage* of 
their life cycles. 

Nun erou* cultures of Nocardia have been iso- 
lated .tom animal infection* and were claimed to 
be the causative agent* of a di*ea*e designated a* 
“nocardiosis.’* The fact that a culture of an or- 
ganism has been i*olated from a lesion of a man or 
an animal is no proof that it i* primarily responsi- 
ble for the particular infection: it may actually lie 
a secondary invader or a member of a mixed infec- 
tion. See Actinomycetales; Nocardiosis. 

Ka.w.J 

Actinomycetales 

An order of bacteria of the cla*s Schizomycete* 
which produce filamentous cells or hyphae (see 
illustration). These cells tend to develop branches, 
giving rise to a true branched mycelium. Thev are 
often spoken of a* “higher.*’ filamentous, or “mold- 
like” bacteria. They occur abundantly in nature; 
some are pathogenic; others are saprophvtic. 

Hyphae do not exceed 1.5 p and are mostly 
about 1 p or less in diameter. They may produce 
conidia. special spores, oidiospores, or sporangio- 
s pores. All of these are distinct in nature from the 
bacterial endospores (see Bacterial endospores). 
Special spores are formed by fragmentation of the 
plasma within straight or spiral-shaped spore.- bear- 
ing hyphae. Oidiospores are formed by segmenta- 
tion or by transverse division of hyphae, similar to 
the formation of oidia among the true fungi. 

Some species grow best at temperatures between 
25 40°C and are therefore mesophilie. Others grow 



Some genera of the Actinomycetales. (V. B. D. Sfcer- 
man ) 

be*t at temperatures above 50’C and are thermo- 
philic. Most form* are aerobic, although some are 
anaerobic. 1 he aerobes require oxygen and grow 
be*r at a high oxvgen tension of 2() r I or more, 
while the anaerobes can grow onlv in the complete 
absence of oxygen. When growing on solid media, 
they produce a vegetative or *uh*trate growth, 
"fieri covered by a special aerial mveelium. Thev 
form a variety of both soluble and insoluble pig- 
ments. The order ActinomvcctalcN i* at present di- 
vided into ft mr families: (1) Mveobaeteriaeeae. 
comprising two genera, one of which is 1 1 \ cobar- 
terium; (2) Aetinomveetaeeae. comprising two 
genera; (3) Streptonivcetaceae. -ix genera: and 
(4) Aetinoplanaeeae, two genera. See \< iinomy- 
fTTACF AE ; A< tinoi»i \na< f af : Myiohm run- 
ackaf; S< hi/omvi f if.: S trf ptom y< i i ac f.ai\ 

| * . A . W , ! 

Actinomycosis 

in infectious disease in cattle, hogs, and occasion- 
ally in man caused hv the bacterium titiom w cs 
bovis. The microorganism is a normal inhabitant 
of the mucous membranes of the mouth and ton- 
sillar crypts. It ha* not been found in nature. The 
disease is also called lumpy jaw or wooden tongue. 

Orvicofacial actiriomveosis is the most common 
form, and is characterized by a swelling of the 
soft tissue, which become* hurd. A* the disease 
process continues, abscess formation and multiple 
draining sinuses occur. The disease may progress 
to invade the bone of the lower jaw. causing osteo- 
myelitis. 

Onset of the infection is preceded by trauma to 
the area, most commonly the extraction of a tooth. 
Occasionally the organism ir.av be aspirated into 
the lungs, resulting in pulmonary abscesses fol- 
lowed by invasion of the chest wall. Abdominal ac- 
tinomycosis usually results from penetration of the 
intestinal mucosa. Actinomyres bovis is a gram- 
positive, branching filament that requires reduced 
oxygen tension for growth on laboratory media. 
In exudate and tissues it grows in dumps or gran- 
ules. This organism is sensitive to most antibiot- 
ics. See ACPNOM YCKTACKAK ; ANTIBIOTIC; C,RAM’* 
stain; Mycology, medical. [l-d.ii.] 


Actinomyxidia 

An order of Cnidosporidia characterized by the 
production of trivalved spores with 3 polar cap- 
sules and 1-100 or more uninucleate, binudeate, 
or multinucleate sporoplasms with or without re- 
sidual somatic nuclei. The spore membrane may 
he extended into anchor-shaped processes, which 
may have bifurcate tips. These protozoan para- 
sites are found in the body cavity or in the in- 
testinal lining of marine and fresh-water annelids. 

The life cycle for most species is not well 
known. Uninucleate sporoplasms may pair and 
fuse (plasmogamy) to form binucleate amebulas. 
Kadi amebula may produce a number of small 
and large cells through repeated binary fission. A 
large ami small cell will pair and fuse (anisog- 
amy) into a single cell (zygote) which becomes 
the sporoblast. The sporoblast divides repeatedly 
by binary fission, producing cells that will form 
the spore. Thus, in Triactinomyxon legeri, para- 



life cycle of Triactinomyxon: 1, mature spore; 2, liber- 
ated gamonts; 3, gamonts pairing; 4, zygote formation; 
5, spore formation from zygote; 6-7, later stages in 
spore formation; 8, cyst in host tissue filled with young 
spores. (After Maclcinnon and Adam, 1924) 


sitic. in the gut of lubificid annelids, 3 cells form 
the polar capsules. 3 form the valves of the mem- 
brane, and 1 cell becomes the sporoplasm. The 
nucleus of the sporoplasm divides repeatedly by 
mitosis until 27 nuclei are formed, of which 24 
become the sporoplasmic nuclei and 3 become the 
residual somatic nuclei. 

This cellular origin of the spore has led to the 
suggestion that these cnidosporidians may be met- 
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azoans; if so, they are probably related to the 
Mesozoa. See Cnidosporidia; Olicochaeta. 

[r.f.n.] 


Actinophage 

A virus capable of infecting an actinomycete, es- 
pecially a member of the Streptomyces family. 
Many different species of the Streptomyces find 
use in industrial fermentations for the production 
of antibiotics. Infection of the starter culture, or 
subsequently, of the batch, may result in total loss 
or greatly decreased yield of the product. The 
actinophages are similar in morphology to the 
bacteriophages. See Antibiotic; Bacteria, lyso- 
genic; Bacteriophage; Coliphage; Infection, 
lytic. [p.b.c.] 

Actinoplanaceae 

A family of bacteria of the order Actinomycetales, 
with well-developed mycelium and spores formed 
in sporangia. The microorganisms are common in 
soil and widely distributed. The genera described 
are Actinopfanes with flagellated planospores and 
Streptospornngium with nonmotile spores. The my- 
celium is threadlike, branched, and sparingly sep- 
tate. that is. has few cross walls. While the myce- 
lium resembles that of certain Streptomyces and 
Mirmmonosporas , the sporangia are funguslike 
and entirely unlike any reproductive structures in 
the Schizomvceae. The spores of Actinoplanes have 
flagella like those of bacteria, rather than those of 
fungi. The nuclei are simple in structure as in 
Streptomyces and bacteria. In culture, brilliant 
pigments, earthy and musty odors, and antibiotics 
are produced by some species. .See Actinomyce- 
tales; Bacteria, taxonomy of. [j.n.c.] 


Actinopodea 

A class of the subphylum Sarcodina; also known as 
the Actinopoda. These Protozoa typically possess 
axopodia. Howeve/. a number of genera of Radio- 
larida and Heliozoida have slender pseudopodia 
without axonen.es but otherwise resembling axo- 
podia. Actinopodea include the orders Helioflagel- 
lida. Heliozoida, Radiolarida. Representative spe- 
cies of Helioflagellida have both axopodia and 
flagella, and some show a central granule similar 
to that of certain Heliozoida. Heliozoida are fresh- 
water or marine organisms without a central cap- 
sule, unlike the Radiolarida, and with or without a 
test. If present, a test may be represented by sepa- 
rate scales or by a perforated membrane. Radio- 
landa are marine, probably the oldest group of 
animals represented by fossils. Skeletons are char- 
acteristic of Radiolarida and are often complex in 
structure. See Sarcodina. [r.p.h.] 


Actinopterygii 

The rayfin fishes, which form one of two subclasses 
of the Osteichthyes or bony fishes. The terms Ac- 
tinopteri, Teleostomi, and Palaeopterygii plus Neo- 
pterygii of some authors are equivalent to Actinop- 
terygii. The rayfins differ from the subclass Sarcop- 
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terygii. or lobefm fishes* in lacking internal nares, 
in the presence of a single dorsal fin (often divided 
into two or three external sections in higher types), 
in the absence of an epichordal lobe of the caudal 
fin. and in having little extension of flesh and skel- 
etal supporting elements into the paired fins, one 
or both pairs of which are often lost in specialized 
forms. The ra>fins first appeared in the Middle 
Devonian: thev persisted and developed through 
the late Paleozoic and most of the Mesozoic, then 
experienced a tremendous differentiation in the 
CretaceoUsS and early Cenozoic. since which time 
they have been the dominant vertebrates of the 
seas and fresh waters. Approximately 97 C V of mod- 
ern fishes are members of this subclass. See Sar- 
COPTERYG1I. 

Three centralized structural types may be defined 
and have been ranked as superorders: the Chondro- 
stei. including the Recent orders Polypteriforines 
and Acipenseriformes; the Holostei. including Re- 
cent orders Semionoti formes and Amiiformes; and 
Teleostei. encompassing all higher orders. These 
groups grade into one another and it is not unlikelv 
that the Holostei and Teleostei are both polvphy- 
letic. Hence these so-called superorders are not 
now admitted in this classification. See Ostkii H- 
THYES. [r.m.b.] 

Action 

An integral quantity associated with each possible 
motion of a system of particles, of fields, or both. 
For a particle system the action is 

S- dt 

where the q t s are generalized coordinates and the 
p, s their conjugate momenta. See Hamilton's 
principle; Hamilton-Jacobi theory. 

The action permits the following formulation of 
the dynamical equations, which is similar to but 
more restrictive than Hamilton’s principle: Of all 
possible motions with a given energy from the 
initial values q , to the final values <//. the dynami- 
cal motion is that for which the action is stationary 
(not always a minimum despite the name “prin- 
ciple of least action”). 

Hamilton’s principle is sometimes loosely called 
an action principle also, especially in formulations 
of the field equations of classical and quantum 
field theory. 

When the motion of a degree of freedom q j, p, is 
periodic, the separate integral 

JM; dt - SPi d 9i 

taken over a period of the motion, is called the 
action variable //. Action variables are useful as 
adiabatic invariants (quantities insensitive to slow 
variations in the external parameters of the sys- 
tem). This property was exploited in early quan- 
tum theory by assigning to the action variables 


fixed “quantized” values, namely, integral multi- 
ples of Planck’s constant. See Quantum me- 
chanics. 

Action variables are likewise convenient in de- 
scribing the behavior of charged particles in a 
magnetic field such as in a purticle accelerator or 
in a plasma (sec Plasma physics). In the latter 
case, for example, the J associated with the trans- 
verse motion around the magnetic field lines cor- 
responds to nearly constant magnetization oppos- 
ing the field, with the result that the particles are 
repelled from strong-field regions and can be 
trapped in regions of low field. [h.g.] 

Activated carbon 

A powdered, granular, or pelleted form of amor- 
phous carbon characterized by very large surface 
area per unit volume because of an enormous num- 
ber of fine pores. Activated carbon is capable of 
collecting gases, liquids, or dissolved substances on 
the surface of its pores. For many gases and liq- 
uids. the weight of adsorbed material approaches 
the weight of the carbon. 

Adsorption on activated carbon is selective, fa- 
voring nonpolar over polar substances, and in an 
homologous series, generally improving with in- 
creasing boiling point. Although the mechanism is 
not completely understood, adsorption is also im- 
proved with increased pressure and reduced tem- 
perature. Reversal of the physical adsorptive con- 
ditions (temperature, pressure, or concentration ) 
more or less completely regenerates the carbon’- 
activity, and frequently allows recovery of both the 
carrier fluid and adsorbate. Compared with other 
commercial adsorbents, activated carbon has a 
broad spectrum of adsorptive activity, excellent 
physical and chemical stability, and ease of pro- 
duction from readily available, frequently waste 
materials. .See Adsorption. 

Large-pore, relatively soft decolorizing carbon- 
are used in liquid-phase work. Applications include 
improving the color of manufactured chemicals, 
oils, arid fats, as well as controlling odor, taste, and 
color in potable water supplies, beverages, and 
some foods. Gas-adsorbent carbons are generally 
harder, higher-density, finer-pore types useful in 
gas separations, recovering .solvent vapors, air con- 
ditioning, gas masks, and supporting metal salt 
catalysts, particularly in the production of vinyl* 
resin monomers. 

Almost any carbonaceous raw material can be 
used for the manufacture of activated carbon. 
Wood, peat, and lignite are commonly used for the 
decolorizing materials. Bone char made by calcin- 
ing bones is used in large quantify for sugar re- 
fining. Nut shells (particularly coconut), coal, pe- 
troleum coke, and other residues in either granular, 
hriqueted, or pelleted form are used for adsorbent 
products. 

Activation. This is the process of treating the 
carbon to open an enormous number of pores in 
the 12- to 200- A unit diameter range (gas-adsorb* 




Activated carbon pellets, 4- to 6-mesh. 


i*nt carbon) or up to 1000-A unit diameter range 
(decolorizing carbons). After activation, the car- 
bon has the large surface area (500 1500 nr/g) 
responsible for the adsorption phenomena. Carbons 
that have not been subjected previously to high 
temperatures are easiest to activate. Selective oxi- 
dation of the base carbon with steam, carbon diox- 
ide. flue gas. or air is one method of developing the 
pure structure. Other methods require the mixing 
of chemicals, such as metal chlorides (particularly 
zinc chloride), sulfides, or phosphates, potassium 
sulfide, potassium thiocyanate, or phosphoric acid, 
with the carbonaceous matter, followed bv calcin- 
ing and washing the residue. The economies of the 
latter process requires recovery of the chemical 
age*nt. 

Tests. Tests to describe activated carbon’s abil- 
ity to perform are designed to simulate operating 
conditions. Carbon tetrachloride activity shows a 
ga^-adsorbent carbon’s capacity for vapors, and is 
the percentage by weight of carbon tetrachloride 
adsorbed at 25°C from dry air saturated at 0°C. 
Relent ivitv. which correlates with a carbon’s abil- 
ity to remove low concentrations of vapor from a 
gas stream, is then determined by blowing drv air 
through the saturated carbon to constant weight. 
Iodine activity indicates a carbon’s ability to re- 
mow iodine from a standard stock solution and is 
used in specifications for liquid purification car- 
bon. Quantitative liquid decolorizing evaluations 
are frequently determined by adding varying 
amounts of carbon to a standard series of solution 
aliquots and plotting (Freundlich isotherm) on 
logarithmic paper the concentration of adsorbate 
remaining in solution against the ratio of adsorbed 
material to weight of carbon. Minute service is ap- 
plied to gas-mask carbons, and represents the 
length of time during which a thin bed of activated 
carbon will completely adsorb chloropicrin gas. 
Ihe break point occurs when penetration of gas 
through the bed activates a detection device down- 
stream. Hardness, or strength, of the coarser acti- 
vated carbons is calculated from the change in 
s crecn analysis experienced after mechanically 
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abrading the carbon. Other quality tests such as 
moisture and ash content, bulk or apparent density, 
and screen analysis are also used. See Carbon; 
Charcoal; Destructive distillation; Gas mask. 

[ii.b.a.] 

Bibliography : V. R. Dietz. Bibliography of Solid 
Adsorbents , 1943-1953 , National Bureau of Stand- 
ards, Giro. 556, 1956; J. W. Hassler, Active Car- 
bon , 1951; C. L. Mantell, Adsorption , 2d ed., 1951. 

Activation analysis 

A method for determining the constituents of a 
sample by utilizing certain nuclear properties of 
the isotopes of the sample elements. Nuclear par- 
ticles. such as thermal neutrons from a nuclear re- 
actor or protons from a cyclotron, arc used to pro- 
duce radioactive isotopes by activation of the 
nuclei of these elements. These radioisotopes can 
then he detected and measured by their nuclear 
radiations. An exact knowledge of nuclear charac- 
teristics makes possible an assay of the elements 
present. The neutron cross section, which deter- 
mines the amount of radioactivity induced, and the 
decay scheme, which determines the types of radia- 
tions emitted, are characteristic of each isotope 
and are completely independent of the chemical 
characteristics of the element. 

This method is applicable to analysis of trace 
elements in many media used by biologists, chem- 
ists, metallurgists, and physicists. Both solid and 
liquid samples can be analyzed; a few milligrams 
or less of material is sufficient for precise work. 
Sensitivity of the method depends upon the flux of 
bombarding particles of known energy, the nuclear 
cross section which determines the probability of 
reaction, and the type of radioactivity induced. 

Several rare-earth elements, as well as manga- 
nese and indium, can be determined with sensitivi- 
ties approaching 10 12 g per gram of sample with 
readily obtainable neutron fluxes, whereas the sen- 
sitivity of most elements is at least g per 

grain of sample. Hence physical or chemical dis- 
crimination of the constituents is required for a 
determination. Some discrimination can be ob- 
tained bv measurement of characteristic radiations 
of the radioisotope as well as by alteration of the 
time of irradiation and flux. In most practical 
cases, however, suitable radiochemical separations 
are also required to remove interfering ions. In 
such separations, trace contaminants in the rea- 
gents introduce no error. 

Most analyses are referred to a standard which 
* irradiated and measured under the same condi- 
tions as the sample. This eliminates the necessity 
for measurements of absolute flux and counting- 
rate. See Nuclear reaction; Particle detector; 
Radioisotope production; Trace analysis. 

[W.ME.] 

Bibliography : W. G. Berl (ed.). Physical Meth- 
ods in Chemical Analysis , vol. 3, 1956; D. Glick 
(ed.), Methods of Bio-chemical AntUysis , vol. 5, 
1957. 
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Activity (thermodynamics) 

A function introduced by G. N. Lewis to aid in the 
thermodynamic treatment of real systems. Like the 
fugacity, the activity makes possible the correla- 
tion of changes in the chemical potential with 
changes in experimentally measurable quantities 
such as concentrations or partial pressures, 
through relations formally equivalent to those 
holding for ideal systems. The activity concept re- 
tains its usefulness, however, for such cases as con- 
densed phases of low volatility, for which fugacity 
determinations are impractical. See Frf.k knf.rgy; 
Ficahty; Physical chkmisthy; Thkrmoiiynam- 
ir.$ ( chemical I . 

The activity a t of a constituent i for a given state 
is defined as 

fli « /. //i° 

where /, is the fugacity for the given state and /," 
the fugacity of the constituent for a reference 
state, or standard state, at the same temperature. 
This definition then requires that 

RT In a, * /a, — ft* 

where /i, and are the values of the chemical po- 
tential for the given state and standard state, re- 
spectively. Because an activitv is a relative quan- 
tity. a numerical value is meaningless unless the 
standard state involved is known. The standard 
state used may in principle he selected arbitrarily, 
but in practice, certain conventional choices are 
ordit iirily made because a maximum of conveni- 
ent obtained thereby. 

Theory. The activity is dependent on the temper- 
ature. pressure, and composition of the system. Its 
temperature coefficient is determined bv the rela- 
tive partial molal enthalpy, 

/d In a,\ Hi-fi* 

\ dT ) P , e o mp “ RT> 

where //, and H t ° represent the relative partial 
molal enthalpy for the constituent i in the given 
state and the standard state, respectively. If the 
pressure for the standard state is fixed at the given 
temperature and independent of the pressure for 
the system, 

( d In a< \ _ 

V SP ) 7* ,comp RT 

while if the standard state pressure is always made 
equal to that for the system, as in the conventional 
treatment of condensed solutions, 

( d In a, \ _ Pj - V { * 

V dP / T, co rap RT 

Her^, Vi and represent the partial molar vol- 
umes for the constituent in the given state and 
standard state, respectively. See .Solution. 

The changes in the activities of the various com- 
ponents of a solution phase resulting from compo- 
sition changes at constant temperature and pres- 


sure are not all independent, but instead must 
satisfy the condition 

£ w d In a % - 0 (7\P const) 

i 

where n, is the instantaneous number of moles of 
component i. This relation stems from the Gibbs- 
Duhem equation. For a binary solution, this per- 
mits the calculation of the activity of one compo- 
nent from a knowledge of the activity of the other 
as a function of composition. 

Standard states. For a constituent of a gaseous 
mixture, the activity is normally required to he 
equal numerically to the fugacitv for the given 
state, and thus, in the ideal gas limit, it becomes 
numerically equal to the partial pressure of the 
constituent. This result is obtained by acceptance 
as the standard state of that state for which the 
chemical potential is equal to the quantity ft,* ap 
pearing in the definition of the fugacity. This 
standard state is thus a state of unit fugacity. hut 
it is not the real gas state at unit fugacitv, because 
the temperature coefficient of /< * /T is determined 
by the enthalpv of the real gas at very low pres- 
sure, instead of as in the case of a real gas at unit 
fugacity. 

For a pure liquid or .solid, the standard state N 
ordinarily taken to be the pure condensed phase at 
the given temperature, at a pressure \arinu*h 
specified as 1 atm, the vapor pressure at this tem- 
perature. or the presMjre for the system under con- 
sideration. The two former choices make the stand- 
ard chemical potential, and hence the contribution 
of the cori'tihient to the standard free energv 
change for anv reaction in which it take® part . in- 
dependent of pressure, whereas tha»uctiv il\ of the 
constituent changes with the pressure of the s\s- 
•teni. for a molar volume at about 100 ml. for ex- 
ample, at 2. r »°C, a change of pressure of 30 atm will 
change the activitv hv about 10' ; . The third stand- 
ard-state convention cited above make*- the activitv 
for the pure condensed phase unitv at all pressure*, 
but the standard chemical potential changes with 
the pressure. 

In liquid solution systems, the activitv of a con- 
stituent is correlated with its concentration .Y, 
through an activity coefficient l ,. 

- (X 

For a given solution, the numerical values of /i,". 

and f, depend on the concentration scale used. 
Activity coefficients. The Standard state in gen- 
eral is fixed by imposition of a requirement on the 
activity coefficient. For a constituent considered a* 
acting as a solvent, the standard slate is taken to he 
the pure liquid constituent at the tefnperature and 
pressure of the solution®. This is equivalent to a re- 
quirement that the activity coefficient y, on the 
mole fraction concentration scale approach unit > 
as the mole fraction /V< of the constituent np* 
proaches unity. For liquid-liquid nonelectrolytic 
solutions, this convention is applied to all constitu- 
ents. For the binary solution case, the dependence 



of the two activity coefficients on composition is 
often adequately expressed by the van Laar equa- 
tions 


log 7i 
log 7s 


A, 


\ + A t Nj 
A s 

( 1 + 

V am) 


Here, the coefficients A\ % Ai are functions of tem- 
perature and pressure. Other relations proposed 
for binary and ternary systems have been summa- 
rized and discussed by K. Ha la and his coworkers. 

For a constituent considered to act as a nondis- 
sociating solute, the a<*tivity coefficient is required 
to approach unity along the given concentration 
male at infinite dilution in the given solvent me- 
dium. This result can be obtained bv acceptance of 
a standard state for which the fugacity is numeri- 
calk equal to the Henry's law constant for the con- 
centration scale used. Thus, since 


lim /, * k x{t )X t 

'i' dilution 


lim Ui 

oo dilution \ 



1 A , 1 

f"xj /,» 
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/. 

X, 



if/. 0 - *,<.) 


This standard-state fugacity is the value predicted 
h\ llcnt\'s law for unit concentration on the «cale 
used. Since Henrv's law in general holds only at 
high dilution, this standard state is again a hypo- 
thetical state; the fugacitv is equal to but the 

partial molal volume and enthalpy correspond to 
those o| the solute at infinite dilution. 

For a dissociating solute, the treatment used de- 
pends on the degree of dissociation; in any case, 
the existence of dissociation must be accounted 
tor. For ^lightly dissociating solutes, where in prin- 
ciple the concentrations of the parent species and 
I lie products of dissociation can all be determined, 
the preceding comention is used for each of these 
solute species. The standard slate being thus fixed 
h»r each, the standard free energy change and 
hence the equilibrium constant for the dissociation 
process is fixed at a value which must be deter- 
mined experimentally. 

A solute such as BaGL must, however, be con- 
sidered to be completely dissociated in aqueous 
solutions, even at finite concentrations. Its chemi- 
cal potential p 2 (for example, per gram formula 
weight BaClj ) must then ecpial the sum of chevni- 
ra l r >tentials for the products of dissociation 


/A2 = /w 4- 2/ici- 

Activity coefficients are defined for the dissociation 
products us solutes in the conventional way; the 
corresponding concentrations are calculated on the 
assumption of complete dissociation. This assump- 
tion will be exact at high dilution; its failure at 
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higher concentrations will yield abnormal values 
for the activity coefficients which can be inter- 
preted in this basis. Let an activity a 2 be defined 
for the dissociating solute 

M 2 0 4- RT In aj * M 2 

- * 4- RT In aBa ++ 4- 2(/i°cr 4- fir In ocr) 

If it is required that 

M 2 0 - M°Ba++ 4- 2m°ci- 
then «2 * fliia ++ u 2 ci" 

Since the solution must he electrically neutral, 
the concentrations of the ions are not independent, 
and it is not possible to determine individual ionic 
activities, only the equivalent of the activity a 2 . 
Hence, a (geometric) mean ionic activity a * and 
mean ionic activity coefficient y. are defined. Thus, 
for BaClz. 

«. i = - (aH» ++ a*ci-) ,,a 

« (7u. ++ 7 2 cr) ,, ’(mB. f -m*cr) ,/ * 

7 b “ (7n*-‘ + 7*t:r) ,/ * 

For dilute solutions of strong electrolytes, the 
Debye-Huckel theory predicts the concentration 
dependence of y.. At higher concentrations, values 
must be obtained experimentally. See Equilib- 
rium. chemical; Equilibrium, ionic. 

Bibliography : E. Hala et al., Vapour-Liquid 
Equilibrium , 2d ed., 1958; H. S. Harncd and B. B. 
Owen. Physical Chemistry of Electrolytic Solu- 
tions , 3d ed.. 1958; G. N. Lewis and M. Randall. 
Thermodynamics and the Free Energy of Chemi- 
cal Substances , 1923; R. A. Robinson and R. H. 
St »kes. Electrolyte Solutions , 1955: F. T. Wall, 
Chemical Thermodynamics , 1958. 

Acylation 

A term referring to those processes (with the ex- 
ception of the Friedel-Craft method), whereby the 
v yl group 

0 


in which R may be aliphatic, alicyclic, or aro- 
matic, is incorporated into a molecule by substitu- 
tion. Specifically, if the acetyl group 

0 

II 

CII 3 C — 

is incorporated, the process is acetylation; if the 
benzoyl group 

0 

II 

CftHfcC — 

is substituted, it is benzoylation. 

For the process to occur, the acylating agent 
must attack a molecule containing one or more ac- 
tive or easily replaceable hydrogen atoms. This 
limits the reaction, for all practical purposes, to 
simple or polyhydroxy alcohols, phenols, thiols, 
ammonia, primary and secondary amines, amino 
acids, esters of malonic acid, f3 - keto esters, and 
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fl-dikctones. The common reagents are acid hal- 
ides. preferably the chloride and occasionally the 
bromide, and acid anhydrides. For acetylation, the 
highly reactive substance, ketene. is finding in- 
creasing favor. 

Primary and secondary alcohols furnish esters 
on acylation with an acid chloride, using the rea- 
gpnt alone or in pyridine solution. The following 
cipiations apply : 

<;,»„< HI f CH.tCOCI — HCl 4 CHjCOOCjH, 
F.thanol Acetyl Ethyl acetate 

chloride 

H»C 

''V.llOH 4- OHjCOCI — 

HjC 

Isopropvl Acetyl 

alcohol chloride 

CH 3 

HCl f CJfjCOOC- -HCII, 

Isopropyl acetate 

Tertiarv alcohol* react abnormally. their hvdroxvl 
group exchanging with the halogen of the acid hah 
ide. For this reason tertiary alcohols are often 
acet\lated with ketene: 

(CHshCOH + CH* - C --0 - ♦ CHiCOnCfCII,), 

tert - Butyl /erf -Butyl acetate 

alcohol 

Tin tertiary ester is formed \ia rearrangement of 
the intermediate addition compound. 

OH 

CH^C-~OC(CH 3 h 

Acid anhydrides, in the presence of catalytic 
amounts of sulfuric acid, boron trifluoride, or so- 
dium acetate, also react with primary and second- 
ary alcohols to form esters: 

CjHbOH -f (GIUCO)sO -OUCOOH 4- CH 3 0()0C,H 6 

Because acetic acid is formed in the reaction, ex- 
cess alcohol is used to increase the yield of ester. 
Under the above conditions tertiary alcohols do not 
usually react; they may thus be distinguished by 
this reaction from primary or secondary isomers. 
See Ester. 

It is possible to acetylate all the hydroxyl 
groups of a polyhydroxy compound, frequently 
with profound changes in the physical and chemi- 
cal properties of the substance. Thus, cellulose 
(absorbent cotton) is changed by acetylation 
(commercially with acetic anhydride) of two of 
the three hydroxyl groups in each glucose unit of 
the cellulose chain, to form cellulose diacetate, or 
acetate rayon. See Cellulose; Fiber, man-made. 

Acetylation of phenols and thiols can be carried 
out as described above using the acid anhydride. In 
the laboratory preparation of aromatic esters of 
phenols and thiols, however, aromatic acid halides 


are used. The usual procedure is long treatment of 
u mixture of the phenol, the acid halide, and aque- 
ous sodium hydroxide (Schotten-Baumann reac- 
tion ) . This procedure is much used in organic qual- 
itative analysis as a means of identifying acids, 
alcohols, phenols, and amines. 

Acylation and aroylation (w r ith an aromatic radi- 
cal) are valuable in work with both primary and 
secondary amines. The reaction is frequently used 
to protect the amino group of an amino acid while 
reactions involving the carboxyl group are carried 
out. See Acetylation; Acid anhydride; Acii> 
halide: Amine; Amino acids; Friedei.-Crafts re- 
al i ion: Ketene. Te.ii.r.] 

Addison's disease 

A primary failure or insufficiency of the adrenal 
cortex to secrete the vital cortical hormones, main 
of which are necessary to life. Tuberculosis was 
formerly the predominant cause of Addison’s dis- 
ease. hut recent therapeutic developments have re- 
duced this to a relatively uncommon complication 
Other causes of adrenal insufficiency include ad 
renal surgery, infections, tumor formation or in- 
filtration. and other conditions which produce a de- 
crease* or cessation of cortical hormone secretion. 
Occasionally no preceding factors can he demon- 
strated so the term idiopathic is used to describe 
these apparently spontaneous cases of \rldisoniwn. 
See Adrenal (.land: Hormonf. adhinai toimx; 

Tl IIF.RU LOsIn. 

All four types of adrenocortical hormones (min- 
eral eortiroids, glucocorticoids, adrenal cortiial 
androgens, and estrogens I are decreased or absent 
in Addison’s disease, and the clinical course and 
symptomatology result from the lack of these ster- 
oids. Serious fluid and electrolyte imbalances are 
typical and are often accompanied hv a peculiar 
type of tan skin pigmentation, nausea, vomiting, de- 
creased blood pressure, weakness, weight loss, and 
other specific and constitutional changes. 

Addisonian crisis, or acute insufficiency. ma\ he 
triggered hv a generalized infection or massive 
stress. In such a crisis the sudden demand for ade- 
quate or augmented cortical hormones cannot be 
met, and rapid deterioration, shock, and death ma\ 
ensue. In either chronic or acute Addison’s disease, 
replacement therapy is increasingly successful a- 
more becomes known about the actions and effect* 
of the steroids. ( e.o.st.] 

Addition 

One of the four fundamental operation* o ( arithme- 
tic and algebra. The symbol -f of addition is 
thought to be a ligature for u et/’ used in a Her- 
man manuscript of 1456 to denote addition. Its 
first printed appearance is in Johann Widmarn 
Behennede und hupsche Rerhnung > Leipzig, 1489. 
As a symbol of operation the pint sign appeared 
in algebra before arithmetic, and now the term 
addition, together with its symbol- is applied to 
many kinds of objects other than numbers. For 
example, two vectors x, y, are added to produce a 



third vector z obtained from them by the “paral- 
lelogram” law (see Calculus of vectors), and 
two seta A , B are added to form a third set C con- 
sisting of all the elements of A and of B. As an op- 
eration on pairs of real or complex numbers, addi- 
tion is associative 

a -f (b + c) = (a + b ) 4- c 

and commutative 

a 4- b * b 4- a 

and multiplication is distributive over addition 
a (b 4- c ) = a • b 4- a ■ c 

There are important mathematical structures in 
which an addition is defined that lacks one or more 
of these properties. Although addition is frequently 
a primitive concept (defined only by properties as- 
sumed for it), it is explicitly defined in Pcano’s 
postulates for the natural numbers, in terms of the 
primitive operation “successor of.” When this is 
denoted by for any two natural numbers a and A, 
a 4 1 = <f and n 4- b' = (a f b)'. See Algebra: 
Division; Muliii*lilation; Numbeh theory; Srn- 

IRACTION. [L.M.BL. 1 

Addition polymerization 

The formation of high-molecular- weight pohmer*. 
from monomers by chemical reactions of the addi- 
tion t\pe. See Addition reaction ; Ai.kent; Di- 
fm- : Polymerization; Polyolefin resins. 

Addition reaction 

V t\pe of reaction of unsaturated hydrocarbons 
with hydrogen, halogens, halogen acids, and other 
reagents. A rule was postulated by V. V. Markowni- 
kofT in 1870 to explain the known behavior of 
halogen acids when adding to a double bond. This 
rule, in two parts, stated ( 1 ) if an unsvmmetrical 
un.satiirated hydrocarbon combines with halogen 
arid, the halogen adds to the carbon with the few- 
est hydrogen atoms, and (2) when halogen acid 
adds to vinyl chloride, to a propylene chloride, or 
to other unsaturated halogenated hydrocarbons, the 
halogen will always add to the carbon which is 
already combined with halogen. This rule may he 
illustrated by equations as follows: 

CHa C CI1 CH a 4 HX - CH* CX -CIf 2 CH a 

CH a CHa (1) 

CH 2 -CHX + HX - CHa - CHX 2 (2) 

Deviation* from Markownikoff’s rule were usually 
explained on the basis of effects introduced by 
temperature, solvent, or other factors. 

In 1033 M. S. Kharasch and F. R. Mayo pub- 
lished a study of the effects of peroxides or oxygen 
on the addition of hydrogen bromide to allyl bro- 
mide. This completely revised the rule explaining 
the addition of halogen acids to double bonds. Two 
types of addition were distinguished, a “normal” 
reaction, following MarkownikofTs rule, which pro- 
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ceeded with pure reagents in the absence of air and 

CHji=CH — CH 2 Br + HBr — » 

CHn — CHBr— CH 2 Br 

an abnormal reaction which proceeded when suffi- 
cient amounts of oxygen or peroxides were present. 

CH*-=CH— CH 2 — Br + HBr 

BrCH 2 — CH 2 — CH 2 Br 

Subsequent work by Kharasch and his students 
demonstrated that the addition of HBr to alkenes 
may proceed by a free-radical mechanism with re- 
sults which are directly opposed to those predicted 
by the Markownikoff rule. In addition it was shown 
that much of the confusion in the earlier work was 
the result of a marked tendency of many alkenes to 
form peroxides when in contact with air or exposed 
to light. 

Additions of terminal double bonds. Hydrogen 
chloride adds to a double bond very slowly, yield- 
ing always the normal addition product. 

R — CH -CHo 4 HC1 R— CHa— CHa 

Hydrogen bromide may add slowly in the absence 
of oxygen to give a normal product, or may add 
rapidly in the presence of oxygen or peroxide to 
give an abnormal product. 


Addition reactions 


HnHahiniled 

hydrocarbon 

Ben gent 

Product 

cii,-CH=ciia 

h 2 

CH,— CH,— CH, 

CH, CH -Clla 

Bri 

CH 3 — CHBr — CH*Br 

CH, CH— CH, 

II2SO4 

CH,— CH— CH, 

1 

S(),H 

CHjr~C.H=C.H, 

HBr (perox- 
ides absent) 

CH,— CHBr-CH, 

cn. -cn -r.ii. 

HBr (perox- 
ides present) 

CH,— CHa — CH,Br 

Clla — CssCH 

li* 

CH,— CH a — CH, 

Clla- CsaCH 

Br 2 

CH, -CBr,— CHBr, 

CH,- CssCH 

HBr 

CH, — CBr, — CH, 


Normal 

R CH - CH* 4- HBr R — CHBr— CH a 

Abnormal 

R--CH— CK 2 4 HBr-> R-CH 2 — CH 2 Br 

Hydrogen iodide, by virtue of its capacity to reduce 
peroxides rapidly, always adds in the normal man- 
ner. Ferric chloride speeds up the addition of hy- 
o.,.gen chloride and hydrogen bromide in the slow 
normal reactions without changing the end prod- 
ucts. Addition of oxygen or peroxides has no effect 
on orientation of addition of hydrogen chloride or 
hydrogen iodide. 

Additions of nonterminal double bonds. Olefins 
of the tvpe R- CH— CH— R' react with hydrogen 
bromide to give equal amounts of the two bromo 
paraffins, and the proportions are uninfluenced by 
either the chain length or by the presence or ab- 
sence of oxygen. l-Bromo-2-butene gives the same 
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mixture of dibromobutanes both in the presence 
and absence of oxygen. 

CHj — CHBr— CHr-CHjBr 
J 80 % 

CHs — — CHjBr 

CHj— — CHBr— CH 2 Br 

20 % 

Additions to alkenos influenced by polar 
groups. Crotonic acid, CH3CH--CH — COOH, in 
either the presence or absence of oxygen gives only 
/?-bromobutyric acid, CH3 — CHBr — CH2COOH, 
on addition of hydrogen bromide, since the double 
bond is strongly influenced by the carbonyl group. 
In vinylacetie acid, CH 2 — CH — CHjCOOH, the 
effect of the carbonyl group is less, and the normal 
Markownikoff addition to form /?-bromobutyric 
acid, CHa — CHBr — CH 2 COOH, is reversed in the 
presence of peroxides to give y-bromobutyric acid, 
CH a Br— CH2 — CHoCOOH. Allylacetic acid. CH 2 =^ 
CHCH2CH2COOH, behaves as a terminal double 
bond. 

Additions to halogenated alkenos. The addition 
of hydrogen bromide to halogenated alkenes in the 
absence of oxygen and with added antioxidant fob 
lows the normal path postulated by Markownikoff. 
Addition of peroxides causes a reversal with the 
formation of the abnormal product. 

Additions to conjugated dienes. For a discus- 
sion of additions to dienes see Diene. The addition 
of hydrogen bromide in the 1,2 position is favored 
by low temperature and the absence of oxygen ; at 
high*'- temperature, the 1,2 addition product is ob- 
tained in the presence of hydrogen bromide and 
oxygen isomerizes it to the 1,4 addition product. 
Other addition reactions of alkenes. Water, 

sulfuric acid, and carboxylic acids add to alkenes 
in the liquid phase to give secondary or tertiary 
alcohols or esters. The monoalkyl esters of sulfuric 
acid are unstable, and depending on the concentra- 
tion at which hydrolysis is effected, may give alco- 
hols, ethers, or revert to olefins. Water and alcohols 
add in the vapor phase to olefins over acid catalysts 
to give alcohols and ethers. These additions follow 
MarkownikofTs rule and are unaffected by peroxide. 

Mercaptans and thioacids add to alkenes to give 
thioethers in much the same way that hydrogen 
bromide does, giving normal additions in the ab- 
sence of oxygen and abnormal additions in the 
presence of peroxides. With highly purified rea- 
gents. no addition of mercaptan occurs, but traces 
of sulfur or cationic agents catalyze the normal ad- 
dition. Hydrogen sulfide adds in a normal manner 
to form mercaptans in the presence of active clays 
and metallic sulfides. 

Sulfuryl chloride, SO2CI2, adds to alkenes in the 
presence of free-radical-inducing reagents to give 
1,2 dichlorides and S 0 2 . The addition of sodium 
bisulfite to double bonds takes place in the presence 
of oxygen or peroxides to give the sodium sulfonate. 
The addition is abnormal, and in all cases studied 
the products obtained are contrary to the Markowni- 
koff rule. 


In the presence of free methyl radicals initiated 
by light or acetyl peroxide, polyhalomethanes add 
to alkenes as X and CX3. With chloroform the ad- 
dition takes the form of H and CCIm. With alkenes 
having terminal double bonds, the CX3 portion goes 
to the alpha carbon atom. See Alkene; Alkynf.; 
Hydrogenation ; Unsaturated hydrocarbon. 

[C.A.C.J 

Adeleida 

An order of the subclass Coccidia. These proto- 
zoans have a life cycle which involves two hosts. 
Micro- and macrogametocytes are united during 
differentiation of the gametocytes. Usually many 
fewer microgametes are produced than inacroga- 
metes. 

Hepatozoon muris is a common example, in 
which the asexual phase of the life cycle is passed 
in the liver of the rat and the sexual phase in 
Echinolaelaps echidninus , a mite that sucks the 
rat’s blood. The mite acquires the infection when 
ingesting leukocytes parasitized with gamonts stem- 
ming from merozoites issuing from schizonts in the 
liver. In the mite’s gut the gamonts associate in 
pairs of a male and a female before they mature 
into male and female gametes, and fertilization oc- 
curs. The motile zygote penetrates the gut epithe- 
lium and enters the body cavity where it first 
grows, then undergoes sporogony until it becomes 
a large sporulated oocyst with SO 100 spores each 
holding about 16 sporozoites. Another rat may be- 
come infected by eating the mite with viable sporo- 
zoites inside it. .See Coccidia; Mesostigmata. 

[ F..K.RF..] 

Adenosinediphosphate (ADP^ 

A coenzyme and an important intermediate in cel- 
lular metabolism as the partially dephosphorylated 
form of adenosinetriphosphate. The compound is 
5 '-adenylic acid with an additional phosphate 
group attached through a pyrophosphate bond. On 
mild acid hydrolysis. 1 mole of inoiganic phosphate 
is liberated. A DP is produced from adenosinetri- 

N -CJI 
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NHsC N I'yruptxt.pliat.r link»tf> 

X / 

<: -c ' — o . on 011 

/ \ 1 ■ 

N N dl-CHOH CHOII CH-CH,— O P 6- I* o 

c;h o oii 

5'*A(fcnylic and portion 

phosphate and reconverted to this compound in 
coupled reactions concerned with the energy me- 
tabolism of living systems. ADP is also produced 
from 5 '-adenylic acid by the transfer of a phos- 
phate group from adenosinetriphosphate in a reac- 
tion catalyzed by an enzyme, myokiyiase. See Ade- 
N OSIN ETRI PHOSPHATE (ATP); ADENYLIC ACID; 
Metabolism. [m.d.] 

Adenosinetriphosphate (ATP) 

A coenzyme and one of the most important com- 
pounds in the metabolism of all organisms since it 
serves as a coupling agent between different enzy* 
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matic reactions. Adenosinetriphosphute is adeno- 
sinediphosphate (ADP) with an additional phos- 
phate group attached through a pyrophosphate 
linkage to the terminal phosphate group. Mild acid 
hydrolysis of the compound results in the liberation 
of 2 moles of phosphoric acid, while alkaline hy- 
drolysis yields 5'-adenylir acid and pyrophosphate. 
Adenylic acid and adenosinediphosphate are also 
produced with appropriate hydrolytic enzymes (see 
Adenosinediphosphate (ADP); Adenylic acid). 
ATP is a powerful donor of phosphate groups to 
suitable acceptors because of the pyrophosphate 
nature of the bonds between its three phosphate 
radicals. For instance, in the phosphorylation of 
glucose, which is an essential reaction in carbohy- 
drate metabolism, the enzyme hexokinase catalyzes 
I he transfer of the terminal phosphate group: 

A denosinetri phosphate 4- glucose — ► 

adenosinediphosphate 4- glucose-6-phosphatc 

The myokinase reaction, by which adenosinediphos- 
phate is produced from adenylic acid, is similar in 
nature: 

Adenosinetriphosphatc 4- adenylic acid 1=^ 

2 adenosinediphosphate 

ATP serves as the immediate source of energy 
for the mechanical work performed by muscle (see 
Muscle). In its presence, the muscle protein acto- 
myosin contracts with the formation of adenosine- 
diphosphate and inorganic phosphate. ATP is also 
involved in the activation of amino acids, a neces- 
sary step in the synthesis of protein. 

. In metabolism, ATP is generated from adeno- 
sinediphosphate and inorganic phosphate mainly as 
a consequence of energy-yielding oxidation-reduc- 
tion reactions (see Metabolism). For example, in 
carbohydrate metabolism, the sequence of reac- 
tions involved in the oxidation of glyceraldehyde 
phosphate to phosphogly ceric acid is coupled with 
the uptake of 1 mole of inorganic phosphate and 
the formation of 1 mole of ATP (see Carbohy- 
drate metabolism). In respiration, ATP is gen- 
erated during the transport of electrons from the 
substrate to oxygen via the cytochrome system (see 
Cytochrome). In the higher organisms this occurs 
in the mitochondria of the cells. In photosynthetic 


organisms, ATP is generated a9 a result of photo- 
chemical reactions in a process known as photo- 
synthetic phosphorylation. 

By virtue of its energy-rich pyrophosphate 
bonds, ATP serves as a link between sources of en- 
ergy available to a living system and the chemical 
and mechanical work which is associated with 
growth, reproduction, and maintenance of living 
substance. Fur this reason, it has been referred to 
as “the storehouse of energy” of living systems. Be- 
cause ATP, ADP, and adenylic acid are constantly 
interconverted through participation in various 
metabolic processes, they act as coenzymes for the 
coupled reactions in which they function. See Bio- 
chemistry; Biological oxidation; Coenzyme. 

Tm.d.] 

Adenovirus 

A group of viral agents which cause febrile catarrhs 
and various other respiratory diseases. They have 
been associated with pharyngoconjunctival fever 
(types 3, 4, and 7 in particular), acute respiratory 
disease (ARD), epidemic keratoconjunctivitis 
(type 8), and iebrile pharyngitis in children (types 
1, 2, 5) . A number of types have been isolated from 
tonsils and adenoids removed from surgical pa- 
tients. Some of the viruses isolated from these 
tonsils and adenoids have not yet been shown to 
produce diseases. See Animal virus; Kerato- 
conjunctivitis (epidemic). 

Infective virus particles are 90 millimicrons in di- 
ameter. The 28 known types are antigenically dis- 
tinct in neutralization test9, hut share a comple- 
ment-fixing antigen, which is probably a smaller, 
soluble portion of the virus. The virus will not pro- 
duce disease in any known laboratory animal, but 
is cytopathogenic, that is, destroys cells, for pri- 
mate tissue cultures. See Antigen; Complement- 
fixation test; Neutralization reaction (anti- 
body). 

Adenovirus, especially types 3, 4, and 7, causes 
greatest disability among military recruits. In sea- 
soned troops, adenovirus disease is not a serious 
problem. The rate in recruits is 33 times higher; 
presumably seasoned troops have acquired immu- 
nity to the common adenoviruses either before or 
during their basic training. 
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A commercial vaccine is available, and has been 
used effectively in military populations; it has not 
been generally used among civilians as yet. [j.l.m.'J 

Adenylic acid 

A nucleotide (phosphoric acid ester of nucleo- 
sides) which acts as a coenzyme in muscle metabo- 
lism (see Coenzyme; Muscle; Nucleic acid). 
The compound is also known as adenosinemono- 
phosphate (AMP). In adenylic acid, 1 mole of 
phosphoric acid (H 3 PO») is esterified with at least 
one of the hydroxyl groups (OH) of the ribosyl 
part of the nucleoside, adenosine ( 9'-/?-i>-ribosido- 
adenine). Four adenylic acids are known. 

One is 5'-adenylic acid. It is a biologically im- 
portant compound also known as muscle adenylic 
acid. The phosphate group is attached to the fifth 
carbon atom of ribose. 
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The nucleotide 5'-adenylic acid is the parent 
compound of adenosinediphosphate and adenosine- 
tri phosphate, which are vital participants of inter- 
mediary metabolism of organisms. See Adenosinf.- 
diphoschate (ADP) ; Adenosinktriphosph at e 
(ATP , Metabolism. It can be obtained from 
these compounds by enzymatic or mild acid hydrol- 
ysis. 

The three other adenylic acids are products of 
enzymatic or chemical degradation of ribonucleic 
acids. In the 2'* and the 3'-adenylic acids, the 
phosphate group is attached to carbon atom 2 or 3 
of the ribosyl moiety, respectively; while in the 
2 / ,3 / cyclic compound, 1 mole of phosphoric acid 
is esterified with the hydroxyls on both carbon 
atoms. The 3'-adenylic acid is the main product of 
nucleic acid hydrolysis and is the principal com- 
ponent of so-called yeast adenylic acid. See Glyco- 
gen. [m.d.] 

Adhesion, molecular 

A particular manifestation of intermolecular forces 
which causes solids or liquids to adhere to each 
other (see Intermolecular forces). The term is 
usually used with reference to adhesion between 
two different materials, in contrast to the term 
cohesion, which refers to the action of intermolec- 
ular forces whereby solid and liquid substances are 
held to substantially constant volume. See Cohe- 
sion * physics). Thus adhesive forces are not 
different in kind from cohesive forces, which are 
usually predominantly of the van der Waal* type 
that are responsible for the deviation of the pres- 
sure-volume-temperature relations of a real gas 
from those of the ideal or perfect gas. The behavior 
of different substances in contact is greatly affected 


by the relative strength of adhesive forces between 
different materials or cohesive forces between the 
same materials. Such considerations also are dom- 
inant in other surface properties such as surface 
tension or capillarity in liquids, and the adsorption 
of gases on a solid or liquid surface. [e.u.c.] 

Bibliography : N. A. de Bruyne, The physics of 
adhesion, J. Sci. lnstr. % 24(2) : 29-35, 1947. 

Adhesive 

A substance used to bond two or more similar or 
dissimilar materials so they act or can be used 
as a single piece. Three kinds of bond are secured 
with adhesives: (1) structural, where the bonded 
parts carry a load equal to or greater than their 
weight, (2) holding, where one material (floor 
tiles, wallpaper! is held in position without a large 
loud acting to break the bond, und (3) calking or 
sealing of cracks or openings in decks, walls, 
and other surfaces. See Adhesive, structural. 

The bond obtained may be either chemical or 
mechanical. In a chemical bond, the adhesive re- 
acts chemically with the parts, bonding them pri- 
marily through intermolecular attraction. Mechani- 
cal bonding occurs by infiltration of the adhesive 
through the pores of the bonded parts to produce a 
physical cementing. 

Adhesives are made in various chemical types. 
Typical are epoxy, epoxy-phenolic, epoxy-polv am- 
ide. epoxy-thiokol, phenolic-elastomer, urea-form- 
aldehyde, phenol-formaldehyde, resorcinol-formal- 
dehyde, melamine-iirea-formaldehyde, neoprene 
base (thermoplastic), and thermoplastic curing 
elastomers. Form of the adhesive may be paste, 
powder, film, or liquid. Structural adhesives may be 
thermosetting, requiring heat and pressure to com- 
plete the chemical reaction to produce a rigid, in- 
soluble. and infusible bond. Thermoplastic non- 
structural adhesives may creep and weaken at 
elevated temperature. 

There is no universal adhesive. Strength and ef- 
fectiveness of the bond obtained depend upon the 
materials bonded, solvent used, effect of exterior 
conditions (light, heat, atmosphere), and other fac- 
tors. When bonding plastics, the adhesive must not 
soften or craze the bonded parts. In bonding po- 
rous parts, the adhesive may discolor the parts if 
it passes through the pores. Some metals, such as 
aluminum, may be corroded by an alkaline adhe- 
sive. Bonds using the adhesives listed above have 
fair to excellent resistance to water, hut some 
have poor resistance to heat and organic solvents. 
Therefore, an adhesive must he chosen for the spe- 
cific materials bonded. The following list is a use- 
ful general guide for adhesive choice. 

Epoxies (types listed above) : Excellent for most 
metals, wood, glass, concrete, ceramic*, leather. 

Melamine-urea-formaldehyde : Excellent for 

leather, wood, rubber; good for high-melting-point 
plastics. 

Resorcinol-formaldehyde: Excellent for leather, 
wood, rubber; good for ceramics and plastics. 

Phenol- formaldehyde: Excellent for rubber: 
good for ceramics. 


i ill 

ril. -o p.o 
nil 



Neoprene base (thermoplastic) : Excellent for 
leather and rubber; good for plastics, ceramics, 
and concrete. 

Curing elastomers : Good for rubber and leather. 

Urea-formaldehyde: Excellent for wood; good 
for leather. 

Adhesives are applied by brushing, spraying, 
rolling, dusting, and troweling. Thickness of the 
adhesive film must be held within recommended 
limits. Excessively thick films reduce the holding 
power; thin films may cause spotty bonding. 

The strength of adhesive-bonded joints is meas- 
ured in two ways, by shear strength, and by peel 
strength. Shear strength is measured in pounds per 
square inch (psi). Peel strength is measured in 
pounds per inch of bonded length. Typical shear 
strengths developed by structural adhesives vary 
from a low of about 400 psi to a high of 5000 psi, 
or more. The exact shear strength developed de- 
pends on the adhesive and the materials bonded. 
Peel strengths developed vary from less than 10 
lb in. to 100 lb/in., or higher. 

Time required for an adhesive-bonded joint to 
develop full strength varies from a few seconds to 
1 hours, or longer. Pressure required during bond- 
ing varies from full contact between the parts 
i minimum pressure) to 500 psi, or higher. Many 
popular adhesives re.^ irp 25 300 psi. Clamps or 
other fastenings are used to develop pressure. 

Typical applications of adhesives include bond- 
ing of plywood, floor coverings, plastics, leather, 
t libber, ceramics, concrete, glass, metals, and wood. 

.See Gi.rh ; Mucii.agk. [t.c.h.] 

Adhesive, structural 

An adhesive capable of bearing loads of great 
magnitude. Adhesives are not new engineering de- 
velopments. Animal, fish, and vegetable glues, hy- 
draulic setting cements, and natural asphaltums 
were used before recorded history. Advances in 
adhesive teehnology have been slow until very 
recent times because natural glue could carry little 
load. See Adhksivk. 

Developments in polymer chemistry since 1950 
and the commercialization of many new resins have 
greatly increased the selection of raw material 
available for adhesives. By varying the selection of 
thermosetting and thermoplastic resins, elastomers, 
and fillers, the skilled adhesive formulator can de- 
vise products with a wide range of flexibility, ex- 
posure resistance, dead-load strength, and peel 
strength. The term chemical welding is an excel- 
lent definition of this joining technique. 

Structural bonding is rapidly taking its place 
along with bolting, riveting, welding, and brazing as 
a method of fastening. The use of load-bearing 
adhesives was pioneered by the aircraft industry 
because of the advantages of bonded joints over 
other fastening methods. Metal-lo metal adhesives 
are chiefly used in thin-metal lap joints in lieu of 
rivets or spot welds. Structural adhesives are used 
extensively for bonding thin metal skins to light- 
weight honeycomb cores in the manufacture of 
sandwich panels. It is not practical to join such 
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sandwich panels by any other fastening. Over 80% 
of the primary loads of some aircraft is carried by 
structural adhesives. See Wing stkucture. 

Advantages. Adhesives permit the joining of 
such diverse materials as metals, wood, paper, 
plastic, fabrics, ceramics, leather, glass, or con- 
crete. They unite the entire bonded area to produce 
a continuous load-bearing joint. In riveted bolts or 
spot welds, the stresses are concentrated at points 
of fastening. The continuous adhesive bond mini- 
mizes stress concentrations, buckling, or failure by 
spreading stress loads evenly over the entire 
bonded area. This allows designers to use the me- 
chanical properties of an adherend up to its yield- 
strength 'value. 

The outstanding fatigue resistance of adhesive 
compositions permits high extensions and recovery 
under repeated loadings. This energy absorption, 
or damping property, accounts for the vastly supe- 
rior fatigue life of an adhesive- joined assembly. 

The exclusive use of adhesive-bonded helicopter 
rotor blades takes advantage of the vibrational- 
energy-absorbing characteristic of adhesive joints. 

Adhesive bonding both seals and joins in one 
operation to form joints that are usually impervious 
to liquids and gases. Many adhesives act as electri- 
cal insulation so that it is possible to join dissimilar 
metals such as aluminum and steel with a minimum 
of bimetallic corrosion. The adhesive acts as a 
continuous barrier between the metals and mini- 
mizes corrosion by sealing against entrapment of 
moisture between surfaces. In addition, adhesives 
possess sufficient elasticity to compensate for differ- 
ent coefficients of expansion. 

Adhesive-bonded joints eliminate gaps and 
bulges common with intermediate fastenings, have 
no external projections as with rivets and bolts, 
and have no surface mars such as result from the 
heat and pressme of spot- welding electrodes. These 
properties are important in assembling parts where 
smooth, blemish- tree surfaces are desirable. 

Limitations. Relative strengths are more direc- 
tional with adhesives than with metal fasteners. 
Adhesive joints are outstanding when stressed in 
shear; they are acceptable in tension, but poor in 
peel or cleavage. 



Fig. 1. High-strength film-adhesive (dark areas) bonds 
supporting members and leading and trailing edges of 
helicopter rotor blades. The use of a film adhesive in- 
creases life of rotor blades approximately 90%. 
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Greater cleanliness is required for adhesives 
than for riveting or bolting. Surface preparations 
for spot-welding, soldering, or brazing, however, 
approach the cleanliness required for adhesive 
bonding. 

Production tooling is different when structural 
adhesives are to be used from that currently used 
in the fastening industry. Jigs and fixtures for form- 
ing adhesi\e joints must he designed to ensure 
intimate mating of the bonding surfaces during the 
curing cycle. Also, there is a shortage of personnel 
trained in adhesi\e-joining techniques. 

Simple nondestructive inspection methods are 
not yet available. There is no easy method for 
determining the degree of strength in a finished 
bond without deslroving the bond. I'ltrasonic tech- 
niques being used for inspection require carefully 
calibrated "knowns" in order to differentiate be- 
tween areas of bond or no bond. In high-perform- 
ance parts, quality control is current!* based on 
statistical analysis of destruction tests run on a 
percentage of bonded parts. 

Use of structural adhesives. Design principles, 
knowledge of adhesive types, and fabrication tech- 
niques must be concurrently considered in order to 
utilize structural adhesive* joining most effectively. 
These factors are best considered in the initial 
design for a new product. In most cases, struc- 
tural adhesives cannot be substituted for mechani- 
cal fasteners; neither will they successfully correct 
design mistakes made with conventional fastening 
methods. 

Thee is no all-purpose adhesive available for all 
desig: tvpes of service. Adhesives are all formu- 
lated to yield a fair balance of properties, but to 
emphasize certain features. Consideration must be 
given to the strength of the adhesive under the 
stress and environmental conditions to be encoun- 
tered. 

Strength requirements must be judged on the 
basis of the type of stress applied in service, that is, 
whether the stress on the bond is in shear, tension, 
or peel. Also significant is the rate at which the 
stress is applied: whether as an impact, a con- 
tinuous, constant stress, or a vibratory stress. 

Adhesive joints in service mav be subjected to a 
number of deteriorating influences such as weather- 
ing, temperature extremes, or chemical fluids. 

Design principles. Like most design concepts, 
design for structural adhesives is largely a matter 
of common sense. Good joint design requires under- 
standing and regulation of both the adhererm* 
(metal or plastic) and the adhesive bond itself. 

The fundamental rule for structural-adhesive de- 
sign is that all metal-to-meta) joints should he 
planned so that all of the bonded area is carrying 
the same load at the same time. 

Most adhesives used for the structural bonding 
of metal to metal are relatively rigid, strong in 
shear, and weak in peel or cleavage. Because joints 
are stronger in shear, the most common method of 
assembling sheet metal is through a straight lap 
joint. Butt and T joints should be avoided because 


they require the smallest area of adhesive to carry 
all the load. Loading a simple lap joint in tension 
produces a bending moment about the overlap as 
well as a differential strain in the metal immedi- 
ately adjacent to the overlap area. 

The actual strength of the lap joint depends not 
only upon the depth of lap, but also upon the 
thickness of the metal and the yield strength of the 
metal. 

Types Of Structural adhesive. There is no en- 
tirely udequate single system for classifying ad- 
hesives. They are sometime* classified on the basis 
of the temperature required to obtain a good bond, 
such as cold-setting (below 68°F), room-tempera- 
ture-setting (87 21L'FL and hot-setting (above 
212°F). Most structural adhesives are hot-setting. 

Adhesives are also classified by physical form. 
By this classification, structural adhesives are avail- 
able a* solvent solutions, as l()O f v nonvolatile 
liquids, or in film form. Solvent solutions can 
generally he applied rapidly bv *prav or roll coat- 
ing hut require adequate ventilation to remove 
solvent vapor*. Nonvolatile liquid adhesive* have u 
consistency runging from a paste to thin liquids. 
The epoxv resin adhesives are uniquclv t\pical of 
this class. Those of heavy -bodied consistency have 
void-filling properties and can be u*ed in the join 
ing of loosely muting structural parts. Because no 
volatile by-products arc given off during tin* curing 
cycle, these adhesives are useful for bonding im- 
pervious surfaces and can be u*rd with onlv contact 
nr mating pressure, f ilm adhesive* provide uni 
form adhesive thickness throughout the bonded 
joint. Because film adhesive* do not contain sol 



Fig. 2. Comparison of good and poor adhesive joint 
design, (o) Good design. ( b ) Poor design. 
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Fig. 3. Cross section of typical bonded honeycomb 
sandwich panel illustrates the excellent bond produced 
with the composite film adhesive. 


vents. wa^le and shrinkage are avoided and solvent 
hazards and drving problems are eliminated. 

Adhesives mav also be c lassified bv the chemical 
hpr of their basic* ingredients. This c lassification 
indicates the general chemical resistance to be 
expected from the bond. There are three general 
chemical tvpo of adhesive commercially available 
which will produce satisfactory structural bonds. 
These tvpes are the phenolic- modified elastomers, 
the phenolic modified vinvls. and the epoxy resin- 
h«ised compound*. Mach tvpe offers certain advan- 
tage's over the other two. .Sec PflKNoi.-t-ORM ALDF.- 
mm HI. SIN; 1*01 YKTHKH RKSINs; Pol WIN Yl. RKSINS ; 
l HI V I OHM \im in I1K- I’YI’K HI SINS. 

Fabrication methods. In fabrication with struc- 
tural adhesives thrie ate three major steps; surface 
piepa ration of the material to be bonded, adhesive 
application techniques, and bonding cycle to pro- 
duce* the highest qualitv parts in the minimum 
po-sjhle time*. 

Surface preparation. In order to achieve a per- 
manent bond, all contaminating substances must be 
removed from the bonding surface. This may in- 
clude such items as mold releases on the surfaces of 
plastics: paint, rust, and oxide films; and oil and 
dust films from the surfaces of metals. There are 
many cleaning systems available for all types of 
surface that will provide the proper kind of surface 
cleaning for requirements of specific adhesive per- 
formance. 

Adhesive application. Primers can be used to 
protect the freshly cleaned or etched surfaces from 
recoritamination during the time lapse which may 
occur in production scheduling for bonding parts. 

Hie actual method of application is determined 
by the form of the adhesive, whether solvent type, 
film or paste. Generally accepted methods of ap- 
plication are spraying and brushing of liquids or 
tacking of films (using heat guns or soldering 
irons!. Whenever a solvent-containing adhesive is 
used, all of the solvent must he driven out of the 
applied film before the bond assembly is com- 
pleted. If this is not done, a porous bond may re- 
s, dt. Paste adhesives are normally knife-coated to 
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uniform thickness. When two-part, room- tempera- 
ture-curing adhesives, such as certain epoxy resin 
components, are being used, the proportions of 
accelerator to base resin must he exact and the two 
blended evenly and uniformly in order to achieve 
the best results. With room-temperature-curing 
adhesives, the bond must he completed within a 
short time after the adhesive is mixed and applied 
to ensure that the adhesive cure does not take 
place before the assembly is in final position. 

Bonding cycle. With the exception of room- 
temperature-curing, two-part epoxy resin adhe- 
sives, all structural adhesives require heat and 
pressure for a period of time to produce a satis- 
factory bond. Each of these is important to the* 
over-all end result and both must he carefully con- 
trolled. 

'The amount of heat required to effect a cure of a 
structural adhesive depends upon the type of ad- 
hesive product used. The manufacturer of the ad- 
hesive can provide the best information on exact 
bond-line temperature needed. Generally, tempera- 
tures between 330 and 350° F develop the maximum 
structural adhesive properties. Besides the ultimate 
temperature to he attained, important consideration 
must he given to the rale at whic h the bond line is 
brought to that temperature, and the rate of cooling 
of the assembly to a temperature at which it can 
he handled. As a rule, the slower the rate of tem- 
perature rise of the bond line, the less will he the 
pressure required to form sound and dense bonds. 
However, if the temperature rise is too gradual, the 
adhesive’s chemical reaction, which builds up the 
internal or cohesive strength of the adhesive, pro- 
ceeds more rapidly than the wetting reaction of the 
adhesive with the materials to he joined. This re- 
sults in an adhesive bond film with high strength 
but with poor adhesion to the bonding surfaces. 
This reduced adhesion shows up most vividly when 
the bond is stressed at temperatures between 20 
and — 67° F. In addition to the more usual convec- 
tion nr conduction methods of applying heat to the 
bond, electrical resistance strip heaters and dielec- 
tric* and induction heating have been successfully 
used. 



Fig. 4. Applying adhesive to honeycomb core mate- 
rial by the spray method. Honeycomb core is then 
bonded to facings to produce o honeycomb sandwich 
panel. 


70 Adiabatic demagnetization 

The most important consideration is that ade- 
quate pressure he uniformly available and con- 
stantly applied to the bond line. By far the greatest 
proportion of the pressure used is needed to mate 
the parts to be joined. This will vary with the 
gage of the metal and the distortion of the metal 
along the bonding edge as a result of die forming. 
A small amount of additional pressure is needed 
to contain the adhesive during the cure reaction. It 
is important that all the pressure required be 
uniformly applied before the adhesive begins its 
flow and subsequent chemical curing reaction. 
Fluid pressure (autoclave. vacuum bag. or air 
cavity) i" preferred over matched metal dies, be- 
cause fluid pressure can follow up reduction in 
over-all joint thickness as the adhesive flows at 
elevated temperature-, before cure. 

The time interval during which pressure and 
heat are applied will vary proportionately with 
temperature. Generally it will range from 3 sec at 
600° F to 4 hours at 250° F. Most commercially 
available structural adhesives develop maximum 
properties after between 30 and 120 min at 350°F. 

The quality of any adhesive- bonded joint will 
depend both upon the adhesive itself and the care 
with which the bonding process is performed. Sec 
Joint (mechanical). [a.f.m.] 

Adiabatic demagnetization 

The adiabatic demagnetization of paramagnetic 
salts is a technique used to produce temperatures 
very near the absolute zero. To magnetize a body, 
energy must be added that is proportional to the 
prodii' r of the field strength and the magnetization 
produced. If the body thus magnetized is thermally 
isolated, this addition of energy results in a rise 
in temperature. Conversely, demagnetization of the 
isolated body results in a lowering of the tempera- 
ture. 

To attain temperatures lower than the tempera- 
ture of liquid helium, the paramagnetic specimen 
is cooled by liquid helium and magnetized. The 
heat generated by the magnetization is taken away 
by conduction in the helium gas, which is a good 
conductor. When the specimen has been cooled to 
the temperature of the boiling helium, it is isolated 
by pumping off the helium. The salt is then removed 
from the field to demagnetize it. The resulting de- 
crease in temperature may produce a temperature 
of the order of 10’ 3 °K. For additional information 
on this technique, see Cryogenics; jee also De- 
magnetization; Helium, liquid; Paramacnet- 

ISM - [ K.V.M.] 

Adiabatic process 

A thermodynamic process in which the system un- 
dergoing the process exchanges no heat with its 
surroundings. No process is truly adiabatic but, 
like frictionless mechanical motion, the idealiza- 
tion is a useful simplification for many practical 
actions. For example, the events inside an engine 
cylinder are nearly adiabatic because the wide fluc- 
tuations in temperature take place rapidly com- 


pared to the speed with which the cylinder surfaces 
can conduct heat. Similarly, fluid flow through a 
nozzle may be so rapid that negligible exchange 
of heat between fluid and nozzle takes place. The 
compressions and rarefactions of a sound wave are 
rapid enough to he considered adiabatic. .See 
Thermodynamic processes; .see also Atmos- 
pheric ADIABATIC CHANCE. |j.B. | 

Adiponitrile 

An organic compound. N - C( CHj ) |C ■ N. solu- 
ble in methanol, ethanol, and chloroform. It boils 
at 306°C; its density is 0.962 at 20°C; and 
its refractive index. ri\". is 1.4377. On reduc- 
tion it gives hexamethylenediamine used in the 
manufacture of nylon. For commercial produc- 
tion, the starting material is oathulls, corncobs, or 
straw; and the intermediates in the process are 
furfural, furan. tctrahvdrofuran, l,4~dichlorohu- 
tane. and adiponitrile. By other transformations it 

Oathulls C 4 I1 3 0 CHO ---* C 4 H 4 0 

HCI Cat III 

Furfural Furan 

C 4 H,0 C1(CH,) 4 G NC(CH 2 ) 4 CN 

1 80 ° 

Tetrahydro- 

furaii 

is made from phenol or cyclohexane. The inter- 
mediate 1,4-dichlorohutane can also he made from 
1.3-butadiene and tetrahydrofuran can he made 
from acetylene. For a discussion of chemical prop- 
erties. see Nitrile. .See also Furmral; Polyam- 
ide RESIN. | I..H.C. | 

Adipose tissue 

A tvpe of connective tissue which develops from 
vascular mesenchymal areas in the embryo. Adipose 
tissue is specialized for storage of food reserves 
(lipids), and the amount of this tissue will varv 
with the individual. Vniloeular adipose tissue 
(white or yellow fat) occurs most commonly in 
man, and the cells give the appearance of having a 
single large vacuole. In multilociilar adipose tis- 
sue, numerous small droplets occur in the cyto- 
plasm. This type of fat tissue has a lobular ap- 
pearance, is light brown in color, and is often called 
brown fat. It is more vascular than the white fat 
and occurs extensively in species which hibernate. 
Fat cells are large because of lipid accumula- 
tion which gradually displaces the nucleus and cy- 
toplasm to the periphery of the cell. The cytoplasm 
then appears as a thin memhrane. Adipose tissue 
differs from other connective tissues in that it is 
primarily cellular; that is, cells comprise the bulk 
of this tissue and not the intercellular substance. 
All loose connective tissue contains fit cells; how- 
ever, there is a tendency for fat to accumulate in 
certain areas of the body such as in the mesen- 
teries, kidney region, and subcutaneous connective 
tissue. Distribution of fat is influenced by hor- 
mones from a number of endocrine glands. See 
Connective tissue; Hormone; Lipid. fc.B.c.] 



Adrenal cortex steroid 


71 


Admittance 

The reciprocal of the impedance of an electric 
circuit. Admittance is expressed in the unit mho, 
coined from the inverse spelling of ohm, the unit 
of impedance. Admittance is used primarily in 
computations of parallel alternating-current cir- 
cuits. See Alternating-current circuit theory. 

Using admittance Y , current / can be ex- 
pressed as 

/ = EY 

where E is the voltage across the impedance Z. 

In terms of complex quantities 

1 1 R X - C R 

Y: Z K ±jX W + X 2 * 1 ^- ^x i “ G±jB 

where R is the total circuit resistance, X the 
total circuit reactance, G the conductance, and B 
the susceptance. However, they are not the simple 
conductance (1 /R) and susceptance (l/X). As 
-ecu from the equation, both G and B are com- 
binations of resistance and reactance. .See Con- 
iu-mance; Susceptance. [b.l.r.1 

Adrenal cortex steroid 

One of a class of steroid compounds. The adrenal 
cortex steroids, also known as adrenocortical hor- 
mones or corticoids, arc produced b> the adrenal 
cortex and arc essential regulators of carbohydrate 
and protein metabolism and sodium, potassium, and 
water balance in the body. They have other physi- 

Cll'ili'slf 


ological functions, including tissue protective ac- 
tion against internal and external stresses. Certain 
of these compounds, like cortisol and cortisone, are 
highly effective therapeutic agents in rheumatoid 
arthritis, rheumatic fever, and various collagen and 
allergic diseases. 

Corticoid biosynthesis. Biosynthesis of most of 
the corticoids in the adrenal cortex is regulated by 
the pituitary gland through its polypeptide hor- 
mone, adrenocorticotropic hormone (ACTH). The 
biosynthetic pathway has been investigated exten- 
sively by experiments involving in vivo and in vitro 
use of C 14 -labeled precursors. Cholesterol, a ma- 
terial in the adrenal cortex, is converted (Fig. 1) 
to pregnenolone through the action of a desmolase 
(an enzyme), probably by way of a cholesterol de- 
rivative ( 20,22-dihydroxycholesterol ) . Pregneno- 
lone is converted to progesterone by means of the 
enzyme 3 ( /3 ) -ol-dehydrogenase, and progesterone, 
in turn, undergoes a series of specific hydroxylating 
reactions, that is, addition of the hydroxyl (OH) 
group, to form the active hormones. When proges- 
terone is hydroxylated at carbon atoms 11, in /? 
position, and at 21, corticosterone is formed; a and 
/? refer to a spatial configuration of the molecule 
denoting asymmetry. Hydroxylation at carbon 17, 
in a position, in addition to 11 (ft) and 21, forms 
cortisol. This is the most active corticoid, with re- 
spect to carbohydrate and protein metabolism. The 
most active adrenocorticoid with respect to control 
of sodium, potassium, and water balance is aldos- 
terone, which is formed on progesterone by three 
hydroxylating reactions at positions 11 (/?), 18, and 
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21. One additional reaction, needed for the biosyn- Although cortisol, corticosterone, and aldoster 
thesis of aldosterone, is the oxidation of the carbon one are the principal corticoids which are secreted 
18 hydroxyl group to a carbonyl function. into the blood, additional corticoids are also pres- 


('H,OH 

I 

C=0 


ch 2 oh 


CH.OH 



110— C— If 

} io v n ] A oh 



6( |3 

01,011 

I 

H-C— OH 


(51 s 


OH.OH /(6) 


2( o )‘!l\dnt\yn>rhsoI 

<:h 2 oii 




A 01,011 



ui 2 oh 

I 

C^o 


'3) 



UI.OI1 



FI#. 2. Soma pathway* of corti*ol catabolism. 



Fig. 3* Oxidative catabolism of cortisol to C,„ me- 
tabolites. 
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f-nt. These include 1 1-dehydrocortirosterone and 
1 1-deoxycortisol. 

Hydroxy lating reactions, so important for the 
biosynthesis of rort.V as well as of androgens 
and estrogens, have been studied in some detail. 
Molecular oxygen is the source of the oxygen in 
the newly introduced hydroxyl group, and reduced 
triphosphopyridinc nucleotide is an essential cofac- 
tor for the reaction (see CoRNZYME). Most hydrox- 
vlating reactions carried out by mammalian tissues 
ma\ also he performed by microorganisms. See 
Androgen; Estrogen. 

Corticoid catabolism. Catabolism, or metabolic 
breakdown, of the adrenocortical hormones involves 
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processes which chemically modify the secreted 
hormones so that the original biological activity is 
decreased or completely abolished. These processes 
include a series of reductive and oxidative reac- 
tions, performed by specific enzyme systems. The 
cortisol molecule readily undergoes (see Fig. 2) 
oxidation at carbon atom 11, reaction (1), with for- 
mation of an 11 -carbonyl derivative (cortisone) 
which is biologically active. Other modifications in- 
clude reduction of the nuclear double bond (2) to 
both the 5(a), or alio, and 5(/?), or normal, forms, 
reduction of the 3-ketone group to the 3 (a) -hydroxy 
function (3), reduction of the 20-ketone group (4) 
to both the 20(a) and 20 (/J) alcohols, and hydrox- 
ylation at either the 6(/3) position (5) or 2(a) 
position (6). Another modification is the oxidative 
cleavage of the molecule between carbon atoms 17 
and 20 to form the Cio metabolites (Fig. 3). 

The known catabolic transformations of corticos- 
terone (Fig. 4) follow the pattern seen in the ca- 
tabolism of cortisol with respect to C 21 metabo- 
lites, but no Cio metabolites have been detected. 

Limited information on aldosterone catabolism is 
available. The corticoid is excreted in part un- 
changed in the urine. This has been demonstrated 
by the isolation of aldosterone from nephrotic 
urine, from urine of patients with congestive heart 
failure, and from urine of pregnancy. At least one 
ring A reduced metabolite appears in human urine, 
but the structure has not been established. See Ad- 
renal gland; Steroid; Sterol. [r.i.d.] 

Adrenal disorders 

Malfunctions of the paired adrenal glands. These 
disorders may be divided into two major categories, 
those of the medulla and those of the cortex, be- 
cause each gland is actually composed of these two 
embryologically, anatomically, and functionally dis- 
tinct portions. 
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The principal disorders of the medulla are tu- 
mors. One type, the pheochromocvtoma. is an ac- 
tively secreting neoplasm which causes excessive 
production of the medullary hormones, epinephrine 
and norepinephrine. Although such tumors are 
rare, thev are considered as possibilities in the di- 
agnosis of cases of paroxysmal hypertension in 
younger persons. 

Other rare, nonsecreting tumors of the medulla 
are the ganglioneuroma and the highly malignant 
neuroblastoma of infancy and childhood. 

The adrenal cortex elaborates many steroid hor- 
mones, some essential to life, which fall into four 
general categories: the mineralocorticoids (which 
affect mineral metabolism), the glucocorticoid* 
(which affect glucose metabolism), the adrenal 
cortical androgens (which control secondary *e\ 
characteristics in males), and the estrogens (e*tru*- 
prodticing hormones). Many disorders arise in the 
adrenal* or are secondary to disorders originating 
elsewhere. Representative* of cither of the*e two 
types may cause imbalance* of steroid production 
without necessarily producing a recognizable ana- 
tomical change in the adrenal*. Others are nonfunc- 
tional in nature, in that there i* no alteration of 
secretion. See Androgen; Estrogen; Hormone: 

ADRENAL CORTEX; HORMONE; ADRENAL M EDl’t.LARY ; 

Steroid. 

Congenital defects arc principally those related 
to the absence of glandular tissue or to the lack 
of it* normal secretory ability (hypoplasia I : occa- 
sionally. adrenal cortical tissues are found in other 
abdominal *ite*, apparently a* a result of faulty 
embry ‘logic development. 

The adrenal* are susceptible to certain infer- 
tion*. largelv because thev are so well vascularized. 
The resulting inflammation* mav produce acute 
reactions and cri*e*. or in le**er ca*e*. may even- 
tually cause starring and other degenerative 
changes with or without hormonal alteration. Tu- 
berculosis was formerly an important agent caus- 
ing severe damage of this type, but recently im- 
proved methods of therapy have reduced the inci- 
dence markedly. Other le** frequently encountered 
infections which may cause adrenal damage are 
due to invasion by pyogenic bacteria or certain 
of the systemic fungus infestations. Such an inflam- 
mation may be closely followed by a bilateral cor- 
tical hemorrhage called the Waterhouse-Frederik- 
son syndrome. Such an inflammation may be an 
overwhelming septicemia, especially in children. 
Acute adrenal insufficiency and death occur *o sud- 
denly that immediate therapy is required if they 
are to he prevented. .See Mycology, medical; Tc- 
RKRctrr.osis. 

Other hemorrhages from trauma, tumor en- 
croachment, and hypertensive complications are 
also encountered and may he included with degen- 
erations of secreting glandular tissue because the 
final results are ordinarily related to adrenal in- 
sufficiency. 

There are many varieties of neoplasms of the ad- 
renal cortex. They may be either primary (origi- 
nating in the adrenal) or metastatic (originating 


elsewhere). Either type may cause alterations of 
adrenal hormone output, and the classification is 
often based on clinical findings and sometimes on 
histologic types. Major clinical categories include 
Cushing’s syndrome, the adrenogenital syndrome, 
feminizing syndromes, hyperaldosteronism, and 
combinations of components of any or several of 
t hese. 

The functional types, in which hormone output 
is altered, are more readily recognized because of 
the changes they effect. Nonfunctional tumors may 
he silent and therefore often offer a problem in di- 
agnosis. The most common metastatic malignancies 
in the adrenals arise from bronchogenic carcinoma, 
although other carcinomas mav also spread to these 
glands. 

The relationship of the pituitaiv to adrenal hor- 
mone production frequently causes evidence* of 
adrenocortical hvper- or hvpo*ecretion in various 
type* of pit u it a rv disease. 

| K. G. sTI ARl 1 

Adrenal gland 

The adrenal gland or suprarenal bodv i* one of 
the endocrine gland* composed n f cortical and 
mednllarv portion*. These component* are separate 
in the fi*lics while thev intermingle or are c]o*e|v 
associated in amphibian*, bird*, and reptile*, fn 
mammal*, the rnedull.i i* tmlv on the in*ide and 
*ut rminded bv the cortex 'I lie gland produce* a 
number of important hoimone* f see K.ndih him 
<.i \m>>. Fhi* article review* ihr cnihrvologv. anut 
om\. histology. and phv*iolog\ n| the adrenal 
gland. 

EMBRYOLOGY 

The cortex and medulla in all vertebrate* aii*e 
independent^ during emhrvonic life. The *nb*r 
duent juxtaposition of the*e component* result* 
from cell migration*. The coithal primordiurri 
fir*t appear* a* a thickening of the piimitive lining 
of the abdominal ravitv at the ba* • of the dor*al 
mesentery medial to the embryonic me*onephrir 
kidne\*. rhe*e cell* develop info the definitive cor- 
tex under the stimuli!* of an adrenocorticotropic 
hormone produced l»\ the fetal anterior pituiturv 
gland. Surgical removal of the fetal anterior pitui 
tary or it* dextrin lion hv x-niv* usual I x inhibit* 
growth and differentiation of the cortex, but not of 
the medulla. 

The medulla, consisting chiefly of chromaffin 
cell* and scattered ganglionic « ell*, is presumed to 
arise from cells of the emhrvonic neural crest*. Dc- 
*t Miction of the neural crest of th« trunk is re- 
ported to prevent the formation of medullary cell* 
in frog* and chicks. Some of the medullary cell* 
are derivatives of nearby sympathetic ganglia, 
which in turn come from the neural crest. Medul- 
lary cells migrate toward and invade the developing 
cortical masses to a greater or lesser extent, de- 
pending on the specie*. See Netful crk^t. 

ANATOMY 

The adrenal glands of tetrapods are paired, 
yellowish organs lying upon, or close to, the kid- 



„ ev s. Kaoh gland is composed of two embryonically 
and functionally independent components which 
become secondarily associated. One component is 
derived from neural crest ectoderm and consists 
principally of chromaffin cells. In mammals this 
component constitutes the adrenal medulla. The 
other component is derived from mesoderm cells 
which, in mammals, aggregate around the niedul- 
|ar\ component to form the adrenal cortex. In 
telrapods below mammals the ectodermal and meso- 
dminal components do not form a true cortex and 
medulla, hut are more or less intermixed. In fishes 
die two components remain spatially separated, and 
no definitive udtennl gland exists. 

Amphibia. In amphibians the glands are elon- 
gate. irregular bodies flattened against the ventral 
surface of each kidney (anurans) (Fig. 1 b). or 
they occur as discontinuous ribbons or diffuse 
patches medial to the kidneys and along the post- 
caval vein (umdeles). Circumscribed groups of 
cortical cells are interspersed among strands or 
columns of medullary cells. 

Reptiles and birds. Ill reptiles and birds the 
elongated adrenals lie at the anterior end of the 
kidneys. In turtles and birds the medullary and 
cortical components are intermixed. In croeodilians 
the medullary component constitutes a peripheral 
/one encircling the I with some invasion of 
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Fig. 1. Adrenal gland of (a) cat (modified from C. D. 
Turner , General Endocrinology, 2d ed., Sounders, 
1955); ( b ) frog (modified from G. K. Noble , The Biol- 
°9Y of the Amphibia, Dover, 1954); ( c ) human (modi- 
fied from H. V. Neat and H. W. Rand, Comparative 
Anatomy , Blokiston-McGraw-Hill, 1936); (d) shark 
(modified from G. C. Kent, Comparative Anatomy of 
lho Vertebrates . McGraw-Hill, 19541 
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medullary cells into the latter. In lizards and 
snakes the medullary tissue is aggregated chiefly 
on the dorsal side of the gland. 

Mammals. The two small, prominent, compact 
adrenals of mammals lie immediately anterior to 
(above) the kidneys (Fig. l«,c). The female adre- 
nal is usually larger, hut the reverse may be true 
(rabbits and hamsters). In some mammals (porcu- 
pines. guinea pigs, and man) the cortex predomi- 
nates; in others (porpoises and chimpanzees) the 
medulla is the larger. In guinea pigs the adrenal 
tissue is about 0.038 ' { of the body weight, with the 
rnedulla-to-cortex ratio being 1:60. In man the 
adrenals comprise only 0.0002% of the body 
weight, and the mcdulla-to-cortex ratio is about 
1 : 10. The ratio is higher in whites and lower in 
Negroes, higher in females and lower in males. In 
mammals medullary and cortical cells do not inter- 
mingle. except in Prototheria in which, as in rep- 
tile^. medullary cords penetrate the cortex. 

Fishes. The arrangement of the medullary and 
cortical components in fishes provides a clue to the 
phytogeny of tetrapod adrenals. Medullary tissue is 
represented in fishes by small chromaffin masses 
disposed hilatf *ally along the dorsal aorta and its 
segmental branches (cvclostomes. lungfishes, sela- 
chians ) ; or along the posterior cardinal veins 
f telenets). Several successive masses may unite 
forming -hurt, discontinuous ribbons. The cortical 
component i« represented by intcrrenal bodies 
(Fig. hi). These occur as small, irregular, usually 
bilateral masses or discontinuous strands along the 
renal arteries or posterior cardinal veins (lampreys, 
selachians), or lying on. or partially embedded 
within, the kidneys (teleosts). Intcrrenal bodies 
have not been described in hagfishes or lungfishes. 
The comparative anatomy and embryology of the 
medullary and cortical components in tetrapods 
strengthens th** theory that adrenal glands were 
derived from chr •muffin and intcrrenal bodies of 
piscivoran ancestors. The condition in urodeles 
might represent a step in the phylogeny of these 
glands. Nee A OM ir noi)\. | c. kfnt. jr.] 

HISTOLOGY 

The mammalian adrenal is a composite endo- 
crine gland consiMing of two parts which are differ- 
ent in origin, structure, and function. Both parts 
contain sccrotorv cells in close association with 
blood vessels which receive the hormonal secre- 
tions. An outer part, the cortex, envelops an inner, 
♦he medulla ( Fig. 2) 

Cortex. Three major zones can usually he dis- 
tinguished; these differ in arrangement and detail 
of c ells and in the pattern of blood vessels. The 
outermost layer, zona glomerulosa, is narrow and 
consists of spherical groups of cells surrounded by 
capillaries. The middle layer, zona fasciculata, usu- 
ally constitutes the hulk of the cortex. It is com- 
posed of columns of large cells in direct contact 
with blood vessels, sinusoids, which run radially 
toward the medulla. Bordering the medulla is the 
zona reticularis which consists of an irregular net- 
work of cell cords. 
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The specific* functions of the layers are not well 
known, ft is established that in the rat the two 
inner zones can regenerate from the zona glonieru- 
losa. There is evidence for some specialization of 
secretion in the various zones, but general state- 
ments for all mammals cannot be made. The fat 
content of the zones usually varies considerably. 
Very little fat is found in the zona glomerulosa. 
Cells in the fasciculata layer often contain many 
large fat droplets, those of the reticularis some- 
what less, but cells in this zone often are pigmented 
and some appear to he degenerating. 

Medulla. This is characterized by large ovoid 
cells which are irregularly arranged in groups and 
are often intimately associated with blood vessels. 
Many of the cells show the chromaffin reaction, 
that is, oxidizing agents such as chromium salts 
produce a brown color by staining fine granules in 
the cells. These granules are either adrenalin or an 
immediate precursor substance. It has been shown 
that the adrenalin granules are secreted directly 
into small branching veins which drain into char- 
acteristic large veins in the center of the medulla. 
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Rfl. 2. Section of admiral (human). The rectangle in 
the upper section Indicates the area shown at higher 
magnification below. 


The blood supply of the medulla is partly direct 
from the adrenal arteries and partly through vessels 
which have previously supplied the cortex and 
presumably carry the secretory products of the 
cortical cells. The medulla is richly supplied with 
nerves and also contains a varying number of 
ganglion cells. 

In the lower classes of vertebrates, cortical and 
medullary adrenal are divorced from each other. 
The chromaffin bodies represent the medulla and 
histologically resemble it. The interrenal bodies 
are hornologs of the cortex and consist of masses of 
characteristic epithelial cells. Beginning with the 
amphibians the two components of the adrenal be- 
come associated, with interrenal and chromaffin 
tissues closely and often irregularly interwoven. 

| kx.h.r. | 

PHYSIOLOGY 

Adrenal medulla. This portion of the adrenal 
gland secretes two hormones, epinephrine and 
norepinephrine (arterenoh, which are referred to 
collectively as catechol amines. Medullary extract*, 
usually contain 2 5 times as much epinephrine as 
norepinephrine; hut this varies according to spe- 
cies and age. The two compounds are quite similai 
chemically and biologically, hut there are slight 
differences in the nature and degree of physio- 
logical activity. It is now clear that .sympathetic 
adrenergic nerves, upon stimulation, release both 
epinephrine and norepinephrine, the latter pie 
dominating. Norepinephrine is a demethyluted 
epinephrine: 
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Phenylalanine, which can he converted to tyro- 
sine, serves as the precursor of both epinephrine 
and norepinephrine in the adrenal glands. The 
conversion probably involves the following meta- 
bolic pathway: 
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'Hu* epinephrines art for a very liriVf lime follow- 
ing intravascular administration since they are 
quickly destroyed bv tissue enzyme systems. Epi- 
nephrine. in physiological amounts, causes general 
vasodilation and elevates blood pressure bv in- 
i teasing cardiac output: norepinephiine produces 
little or no change in cardiac output, but raises 
blood pressure by producing general vasoconstric- 
tion. Norepinephrine is much less effective than 
epinephrine in raiding the blood sugar levels. 

\ number of synthetic compounds have been 
prepared which have pharmacological actions simi- 
lar to the < atechol hormones. These substances, 
together with the epinephrines, are referred to as 
svmp.ilhomimelic agents since their actions mimic 
the effects of sympathetic nerve stimulation. 

Epinephrine is on" of the ino^t important hor- 
mones effecting curhohvdrntc metabolism: its main 
aition is to cause a rapid elevation of the blood 
sugar. Low levels of blood glucose produce an in- 
i leased liberation of epinephrine from the medulla 
and this induces a prompt conversion of liver and 
muscle glvcogen into blond glucose. The hormone 
.ueelerates tlm conversion of glvcogen to hexose 
phosphates bv influent ing the pliosphorv lase sys- 
tems of muscle and liver. There is evidence that it 
promotes the ( (inversion of inactive pliosphorv lase 
into the active en/v me. Follow ing epineplu ine treat- 
ment. the liver is not depleted of its glvcogen 
stores because the lactate which has been released 
fiorn muscle is resv nthesi/ed into liver glvcogen. 
Epinephrine produces a variety of other effects 
which max be of utility to the organism in tunes of 
violent effort and emotion. 

H'pofnnetion of the adrenal medulla is not 
known to produce anv clearcut clinical syndrome. 
Tumors of the medulla or other chromaffin tissues 
rniv sn rete large amounts of catechol hormones 
and thus raise ldood pressure intermittently. 

Adrenal cortex. Bilateral adienaleclnmv deprives 
die organism of the cortical hormones and a variety 
of symptoms appear before death: these include 
muscular weakness, loss of appetite, concentration 
ol the blood, low blood sugar, fall in blood pres- 
sure extreme susceptibility to all types of stress, 
ami renal failure. Crude lipid extracts of the cortex 
may counteract all of these disturbances and main- 
fain life of the animal. The importance of the cor- 
hccs in the maintenance of electrolyte balance is 
dinwn |>y the fart that the administration of sodium 
chloride prolongs the lives of adrenalectomized 
s ubjects. 
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Biochemistry. Although approximately 30 crys- 
talline steroids have been isolated from cortical 
extracts, 7 of them account for most of the activity 
in the unfractionatcd extracts. It is probable that 
the inactive steroids are precursors or metabolites 
of a smaller number of less stable hormone mole- 
cules, or possible produc ts formed in the chemical 
extraction. The most important corticosteroids are 


CH,OH (JIljgOH 

i i 

C-=*> c o 






Ml adrenocortical hormones are derivatives of 
I he Gji hydrocarbons pregnane and allopregnane. 
They have a ketol side chain ( CO CHj -OH) 
at carbon 17. Aldosterone can exist in two forms: 
one with an aldehyde group and the other with an 
oxvgen bridge. Although there are many species 
differences, cortisol, corticosterone, and aldosterone 
are the principal steroids contained in the venous 
blood leaving the gland. The rat appears not to 
secrete cortisol, and corticosterone has not been 
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found in the venous blood leaving the monkey 
adrenal. Progesterone, a hormone .secreted prin- 
cipally by the ovaries, is present in the adrenal 
cortices; it is a pregnane deri\ati\e. lacking the 
ketol group, and its physiological actions differ 
from the corticosteroids. In the cortex, progester- 
one serves as an intermediate in the biosynthesis of 
cortisol and corticosterone, ft is of clinical im- 
portance that both male (androgens) and female 
{estrogens ) sex hormones are extractable from the 
cortex. 

Biosynthesis. Biosynthetic pathwavs in the ad- 
renal have hern studied bv perfusing the gland 
with C M -laheled precursors, or h> incubating such 
precursors with extracts and homogenates of the 
cortices. That cholesterol can serve as a precursor 
of the adrenocortical .steroids has been established, 
although there is no proof that cholesterol is an 
obligatory intermediate in the synthesis of these 
steroids from acetate. The following pathways in 
the biosynthesis of adrenal cortical hormones have 
been established. 
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effects on carbohydrate metabolism and muscle 
work performance; they have little influence on 
electrolyte and fluid shifts. These steroids increase 
the deposition of liver glycogen probably as a con- 
sequence of accelerated breakdown of protein. The 
glucocorticoids also inhibit inflammatory processes 
and interfere with the formation of antibodies. 

Aldosterone is the most potent steroid in pro- 
moting the retention of sodium and the excretion of 
potassium. Like the other 1 l-oxvgenuted com- 
pounds. aldosterone also exerts some action on the 
metabolism of carbohydrate, protein, and fat. Its 
secretion does not seem to he controlled bv ACTH 
to the same extent as the other adrenocortical 
hormones. 

Both estrogenic and androgenic compounds, ns 
well as progesterone, are produced b\ the cortex. 
The* relation of these adrenal steroids to normal 
sex function is not understood. 

Abnormalities. Abnormalities of tin* adrenal cor- 
tex are rather common in clinical medicine. Addi- 
son'" disease results from a failure of the cortex to 
produce it" steroid hormones. The biochemical de- 
fects are comparable to those which occur follow- 
ing bilateral adrcnulectomv. 

Primary aldosteronism, caused h\ excessive 
secretion of this electrolyte-regulating inrtimid. i- 
now rccogrii/cd as a < linieal entity. It max he 
produced h\ adrenoeortii al tumors, cortical In per 
pljsiu. or even normal-appear mg glands. 

The adrenogenital s\ndrome usiiallv results from 
excess i\ e secretion of androgens |>\ ,| tumor in one 
of the adrenal (office-. Lushing*" disease i" chai 
aeteri/ed bv mrtieal hvperpla-M which i" piohahb 
caused hv a small anterior pituituiv tumor wliiih 
releases large amounts of \(Tlf"*The symptom* 
are <f ii it (* different from tho-e of the adnuiogenil.il 
syndrome. Srr \hkkn \i. < uim \ "ii Hom: lh»u 
MOM.. \f)RI N VI. I OK I 1 X. j i .11. I . 

Itihlioi’nipJn : C. II Bourne. The Mamrnahaii 
• Itirennf ( Jam ! , P>P>: l : . S. Yop Killer. Disfribu 
tion and metabolism of catechol hormones in lis 
sues and axones. Recent Rrogr. ni Hormone Hr 
seurt h , U: W3 a 1 2. l c >f>8; K. \. Hartman and 
K. \. Brownell. Thr Athena! (Jam!. P/PJ; W. 
Mollendorff (ed.t. Hamllnuh th r Yhkroskopisrhen 
I naturnie c/rs Mensrhen , vol. pt. 2. Piol; (1. M 
Mioppee. Chemist r\ of the ,S ferno/v. l*)."»8. 


Functional group s. Four functional groups of 
adrenocortical steroids are recognized : rnineralo- 
cortieoids. glucocorticoids, aldosterone, and both 
estrogenic and androgenic compounds. 

Mineralocorticoids. such as deoxycorticosterone, 
are especially active in causing the retention of 
sodium and water through an effect on the proximal 
tubules of the kidney. Following their administra- 
tion. sodium increases in the blood plasrna and 
potassium diminishes; in the tissue cells, the con- 
centration of sodium is diminished and potassium 
is elevated. These compounds have no oxygen atom 
at position 11. 

(glucocorticoids, of which cortisone is an exam- 
ple, are oxygenated at position 1] and have potent 


Adsorption 

The property of a liquid or solid to retain on or 
concentrate at its surface one or more component- 
(atoms, molecules, or ions I from another solid, 
liquid, or gas in contact with the surface. Adsorp- 
tion is a characteristic surface or interface phe- 
nomenon. a fundamental physicochemical prop- 
erty of solids and liquids. The greatest significance 
of adsorption is in colloidal systems of finely di- 
vided solids and liquids, where the surface area ol 
the particles is tremendous compared to their vnl 
time. The adsorptive capacities of powders were fir-t 
observed long ago, and were known and used by th*’ 
ancients. The formation of the universe has been 
attributed to adsorption, many life processes dr- 



pend on it. and it is the keystone of many modern 
industries. Yet today, even with a voluminous liter- 
ature amassed on adsorption, the phenomenon is 
still understood incompletely. Some definitions are 
required to describe adsorption: 

Adsorption: The surface retention of solid, liq- 
uid. or gas molecules or of ions by a solid or liquid, 
as opposed to absorption, the penetration of sub- 
stances into the bulk of the solid or liquid. 

Adsorbent: The solid or liquid which adsorbs. 

Adsorbate: The solid, liquid, or gas which is 
adsorbed as molecules, atoms, or ions. 

Sorption: The simultaneous occurrence of ad- 
sorption and absorption. 

Physical adsorption : Reversible adsorption by 
physical forces onl> ; no chemical reaction occurs 
between the adsorbent and adsorbate. Heats of 
physical adsorption usually amount to less than IS 
20 kcal mole. 

Chemical adsorption . chemisorption : Irreversi- 
hlc adsorption by both physical and chemical 
forces: reaction occurs between the surface of the 
adsorbent and the adsorbate. Heats of chemisorp- 
tion ate usually in excess of 20 M) kcal mole. 

Applications, Gontact catalysis, in which use is 
made o I surfaces that adsorb molecules specifically 
,iii(l change their structure during the brief reten- 
tion time, is the basis of many industrial processes. 

Purification by adsoiption is perhaps the oldest 
known application. Wine clarification is still ac- 
complished bv the use of adsorbents. F.xhuiists of 
industrial plants can be stripped of undesirable 
components, and air and many other gases of in- 
do-trial importance run be purified b\ adsorption. 
The human body u-cs this method for certain re- 
mo\ til lunct ions 

(.as chromatography has been developed to the 
point where it is used « ommonly as a laboratory 
and industrial method of separation, analysis, and 
cyeii gas purification. It depends on the different 
ad-oipli\e capacities of one adsorbent for main 
gases, l iquids have been bandied similarly for 
mans \eais. bv percolation oi elntriation through 
p.u kings of inert solids, specific or differential ad- 
sorbents. and ion-exchange media. The rapid oper- 
ation of the chromatographic process makes it par- 
ticularly suited for manv uses. 

Adsorption is responsible for the success of fer- 
tilizing voils bv the direct application of gaseous 
ammonia. Other soil-nutrition and plant-growth 
processes also depend on adsorption to a greater or 
lesser degree. Ionic adsorption on solids in solu- 
tions makes possible crystal growth by seeding 
nith small particles of a selected material. The 
crystal habit may even be influenced bv the choice 
of the seeding material. One recent application of 
Mich a process is the growth of crystals for use as 
transistors. 

Industries such as the paper, printing, dyeing, 
rubber, lubrication, and cleaning industries, are 
dependent on adsorption developments. See Srpa- 
MA n,,N (c.HKMICAI. AND PHYSICAL I . 

Types of adsorption. Any classification of ad- 
sorptiovi by types is somewhat arbitrary. Physical 
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adsorption and chemisorption were separated 
above by definition. These two classifications are 
generally recognized as two types of adsorption, 
but the separation into these categories is not clear- 
cut. Both involve physical forces and, by definition, 
the advent of chemical forces in a chemical reac- 
tion differentiates them. It is experimentally diffi- 
cult to detect unequivocally when the chemical 
forces come into play. One measurement some- 
times used successfully is described later in the 
section on adsorption isobars. 

A more useful classification can be made in terms 
of the adsorbent-adsorbate system. In practice, 
the studies, developments, and applications of each 
type in this classification are kept relatively inde- 
pendent of one another. 

Cos ( or vapor ) on solid. The adsorption of 
gases by solids has probably been studied more ex- 
tensively than any other type. Contact catalysis de- 
pends wholly on gas-solid adsorption, and conse- 
quently. a great deal of adsorption work has been 
done on catalysts. Gas purification and separation 
as in the protection from poisonous gases by gas 
masks is an important aspect which has been 
widely studied. Gas adsorbents of practical promi- 
nence include charcoal, silica, alumina, metals, 
and metal oxides. See Catalysis: Gas mask. 

Cos (or i apor ) on liquid. The adsorption of 
gase- bv liquids has not been studied as compre- 
hensively as other tv pcs. since the existence of this 
type was not recognized as early as the others. The 
recent importance of aerosols, vacuum distillation, 
and diffusion separation has stimulated more stud- 
ies in liquid-gas systems. Adsorption data on wa- 
ter and mercury have been reported. 

Liquid on solid. Almost as much effort has 
been devoted to studies of this type as to solid-gas 
systems. Karliest applications of adsorption involved 
purification of liquids bv the adsorption of con- 
taminant*- on n.bds. Water purification by percola- 
tion of ground water through clay-hearing strata 
gives a natural source of pure water. Many species 
rnav he ads< rhed from solutions. Molecules of non- 
electrolytes, ions from completely dissociated sol* 
utes. and both molecules and ions of weak elec- 
trolvtes mav he removed from solution. Charcoal, 
silica, and aluminosilicate clavs are among ad- 
sorbents irnpniiant in such applications. See Ion 
t XCHANCF.. 

Liquid on liquid. This type and the previous one 
are in a sense quite similar, because either ions or 
molecules may he adsorbed. The concentration of 
urns or molecules at the surface of a liquid leads to 
two recognized classes. When the liquid is in con- 
tact with gas. the adsorption occurs at the surface 
as concentration of solute from the hulk of the so- 
lution. When the liquid is in contact with an im- 
miscible liquid, the adsorption occurs at the inter- 
face and may he* influenced by either or both of the 
liquids. A surface-active agent, for example, tends 
to concentrate at a surface to reduce the surface 
tension and at an interface to stabilize emulsions. 

Solid on solid. The adsorption of solid on solid is 
more limited in scope than the other types. It oc- 
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ig. 1. Adsorption isobar. 


airs in sv stems exhibiting solid solution phenom- 
ena. Praetical use lie*, in the preparation of dual 
oxide ratal Ws. in which one solid is adsorbed on 
the particles of a carrier solid. 

Adsorption isobars. Adsorption data mav he 
presented in several wa>s. One of these is at con- 
stant pressure, in the form of adsorption isobars. A 
typical isobar is shown in Fig. 1 where x m is the 
weight of material adsorbed per unit weight of ad- 
sorbent. and T is the absolute temperature. The 
amount of adsorption is large at low temperatures 
and decrease* rapid I \ with increasing temperature. 
This i» characteristic of all adsorption s\ stems; 
only the temperature scale shifts from system 
to system. At extremely high temperatures, the 
amount of adsorption is reduced drastically and 
may he almost undetectable. 

According to Fig. 1, after the initial decrease, a 
region of increased amount of adsorption ma\ oc- 
cur at intermediate elevated temperatures. The 
designation of chemisorption, or activated adsorp- 
tion, is frequently applied to this region. An in- 
crease in the amount adsorbed with increasing tem- 
perature i.s believed to reflect the chemical forces 
between adsorbate and adsorbent. However, the 
increased adsorption may he reversible, or it rnay 
not occur and the adsorption at elevated tempera- 
tures may still he irreversible. Consequently, the 
designation of chemisorption on this basis is not 
always satisfactory. 

Adsorption isothorms. The most typical presen- 
tation of adsorption data is in the form of adsorp- 
tion isotherms. Experimentally, an isothermal pro- 
cedure is more easily used than an isoharic pro- 
cedure; the pressure of the adsorbate is varied 
while the tern perat lire is held constant. In solid- 
gas systems, data are observed mainly by two fun- 
damental methods: by the increase in weight of the 
adsorbent (gravimetric), and by the changes in 
pressure of a fixed volume of the adsorbate (volu- 


metric). In liquid-solid or liquid-liquid systems, 
the change in concentration of the solution may be 
followed by any of several methods, such as inter- 
ferometry or titration. 

A typical isotherm is illustrated in Fig. 2. Char- 
acteristically. it starts with a rapid increase in the 
amount adsorbed, followed by a leveling-off region; 
finally, it terminates with a rapid increase in the 
adsorption as saturation pressure is approached. 
In liquid systems, the concentration isotherms 
never show a final rapid increase at high concen- 
trations. 1 he isotherm illustrated is observed quite 
generally hut is not the onlv tvpe recognized. 

Manv attempts have been made to deduce a the- 
oretical equation which will describe isothermal 
behavior. No one has ever succeeded completely. 
At verv low pressures. Henry's law for gas solution 
is sometimes oheved by adsorption data. The em- 
pirical Fretmdlich isotherm equation fits much ad- 
sorption data, hut has not vet been rigidlv derived 
theoretically It takes the form 

.x rn = kp l n I | ) 

where i m is the weight adsorbed per weight of 
the adsorbent and /> is the pressure; k and n are 
constants. The Langmuir isotherm. 



where a and /> are constants, is developed from the 
theory of niormlaver formation on a surface hv col- 
lision of gas- phase molecules with the surface. It 
mav also he derived from statistical or thermody- 
namic assumption^. Because adsorption usual Iv in- 
volves multilaver condensation. tln^I.angrmiir iso- 
therm is of limited utility in manv gas-^olid s> stems 
and is applied more cxtensivelv in liquid svsterns. 

Manv extensions based on the Langmuir equa- 
tion have been proposed. Perhaps the most well 
known of these is the BET (Stephen Brunauer. 



Fig. 2. Adsorption-desorption isotherm. 



Paul Emmett, and Edward Teller) equation. It is 
widely used for surface area determinations by 
computing the monolayer area. Multilayer adsorp- 
tion is assumed to be identical with vapor-liquid 
condensation and to occur superimposed on the 
adsorbed monolayer. Theories developed recently 
from Langmuir considerations have introduced the 
concept of specific sites of adsorption, either at 
lattice structure defects or at deformations. This 
concept is useful in catalyst studies. 

In recent years, the Polanyi potential theory has 
been developed to a more sophisticated level. In 
combination with the Gibbs equation for the be- 
havior of surface monolayers, the behavior of a con- 
densed phase in an equipotential or disturbed field 
can be estimated. The Gibbs equation is given by 

RTf’VdQnp) 

where </> is the surface pressure, R is the gas con- 
stant, T is the absolute temperature. V is the num- 
ber of molecules adsorbed per gram per unit sur- 
face area, and p is the pressure of the gas. In terms 
of the surface pressure and area, several relations 
similar to those for three-dimensional systems may 
be deduced for two-dimensional films. Expressions 
Mich as a van der Waals type equation for internal 
phase changes in films have been confirmed to a 
limited extent hv exf 'enmental data. The inherent 
limitation in such considerations is that the sur- 
l.ice potential cannot be evaluated accurately. 

Most of the equations cited or referred to involve 
two empirical constants. Equations using three or 
four constants have been suggested, blit they are 
more difficult to evaluate. With numerous con- 
stants. equations can be made in fit all adsorption 
data, and with the high-speed computers available, 
the mathematical expression of adsorption data for 
purposes of interpolation is no longer a problem. 
However, the theoretical basis becomes obscure. 
Attempts to develop a complete and theoretical 
isotherm equation continue. 

The desirability of obtaining a successful equa- 
tion is not only to establish a comprehensive and 
valid theory of adsorption but also to facilitate cal- 
culation of thermodynamic changes, as described 
later. The equations which have been mentioned 
are adequate for surface area measurements, and 
some of them give limited information on the ther- 
modynamics and kinetics of adsorption. In general, 
though, the concepts of surface attraction, active 
s ites, surface condensation, two-dimensional behav- 
ior. and the variation of adsorption with tempera- 
ture lack correlation in existing equations. They 
should eventually be susceptible to analysis. 

In addition to defining the amount of adsorption 
as a function of pressure, an isotherm may give 
more information than just the surface area. On 
desorption, or the process of removing the adsorb- 
ate as the pressure is decreased, the isotherm fre- 
quently lies above the adsorption branch, as in the 
desorption shown in Fig. 2. This hysteresis is at- 
tributed to the emptying of pores in the adsorbent. 
I he pores empty like liquid-filled capillaries, after 
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multilayer vapor adsorption on their walls has 
filled them. The adsorption occurs at a charac- 
teristic adsorption pressure; the emptying occurs 
at a pressure reduced by the curved liquid surfaces 
in the capillaries, so that hysteresis is observed. In 
the range of hysteresis, then, the desorption branch 
of the isotherm gives information on the pore 
structure of the adsorbent. The pore size distribu- 
tion may he computed. One equation frequently 
used for this was proposed by Lord Kelvin in 1871 
for the reduction of the vapor pressure over a 
curved surface. Other calculations may also be 
made to deduce the pore characteristics of adsorb- 
ents. 

Thermodynamics of adsorption. The adsorption 
process restricts molecular or ionic motion to two 
dimensions, always decreasing the entropy in the 
system. The process is therefore exothermic, un- 
less the adsorbent itself is altered. A calorimeter is 
frequently used to measure heats of adsorption or 
heats of wetting directly. The heat of adsorption 
may also he computed from two isotherms at 
closely ad jacent temperatures by using the Clausius- 
Clapeyron equation. Free energy and entropy may 
then he calculated. The variations in these prop- 
erties are useful in relating the success of some 
catalysts to chemical reaction changes. 

In general, the heat of adsorption at low surface 
coverage (low pressure) is quite high; it decreases 
with increasing coverage and approaches the heat 
of liquefaction at high coverage (high pressures 
approaching the vapor pressure). The differential 
thermodynamic properties are obtained by the 
comparison of isotherms at equal amounts ad- 
sorbed: these are sometimes called isosteric heats 
and entropies. Using the Gibbs isotherm (Eq. 3). 
data may lie obtained for the comparison at con- 
stant surface pressure, giving integral values of the 
thermodynamic functions. Although more difficult 
to obtain, the integral values are required when 
comparing observed entropy changes with those 
computed from theoretical models. 

Thermodynamic and statistical considerations 
may also be used to derive isothermal equations, 
regarding adsorption as an equilibrium process. 
Applications of these techniques have been fre- 
quent in recent years. Many variables in adsorp- 
tion systems have been treated from this approach, 
and a considerable elucidation of the phenomenon 
of adsorption has resulted. 

Kinetics of adsorption. Adsorption is usually 
considered from the viewpoint of an equilibrium 
process. Equilibrium is normally reached almost 
instantaneously, and the assumption of true in- 
stantaneous equilibrium is valid for many sys- 
tems. Even in the most rapid systems, of course, 
close observation shows that the attainment of 
equilibrium requires a small but finite time. Some 
systems exhibit equilibrium times of great magni- 
tude, in some cases of the order of centuries. In 
porous adsorbents, adsorption occurs only after 
the adsorbate has had time to diffuse through the 
pores to the adsorbing surface. The adsorption 
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measurement includes both periods of time. Assum- 
ing that the adsorption occurs in a truly instantane- 
ous manner, a kinetic study gives direct informa- 
tion on the pore structure. The permeability of 
porous plugs is thus related to the surface area, 
and a measurement of diffusion rates through such 
plugs can be correlated with surface area. 

The slow achievement of equilibrium is observed 
in man) sy stems. A long equilibrium time is nor- 
mally associated with chemisorption, whereas ex- 
tremely short times are thought characteristic of 
physical adsorption. To some extent, this is true. 
The activated adsorption indicated in the interme- 
diate elevated temperature range of the isobar in 
Fig. 1 probably reaches equilibrium slower than 
the physical adsorption at lower temperatures. 
However, kinetic studies have shown that verv long 
periods may be required for equilibrium in sys- 
tems involving purely physical adsorption: on the 
other hand, chemisorption ma\ be quite rapid. \ 
comparison of kinetic, activation, and reversibility 
data in one system may lead to conflicting con- 
clusions. 

Because a short equilibrium time i> generally 
characteristic of adsorption, relatively little effort 
has been devoted to kinetic studies. A certain 
amount of data has been compiled, however, which 
may be interpreted statistically in terms of con- 
densation and evaporation of molecules by such 
theories as that of l.ennard- Jones. In general, the 
equilibrium approach shows an exponential de- 
pendence on time, which is typical of fir-t-order 
phenomena. .See Absorption; A«tiv\th> carbon; 
Chromatography; M ass-transi* eh opkraiion: 
.Struck phenomenon. [a.l.d.: vv.o.m. | 

Bibliography : C L. Mantell. Adsorption , 2d ed.. 
1951. 

Aepyornithiformes 

The order of elephant-birds, containing the single 
extinct familv Aepyornithidae. Certain Oligncene 
fossils from Africa are dubiously referred to this 
family, which i« best represented in the Pleistocene 
of Madagascar. Extinction of Aepyornis may have 
been hastened by early human inhabitants of 
Madagascar; remains of its huge eggs, whose frc«h 
weight is estimated as 7.8 kg compared with 1.3 
kg for ostrich eggs, may have inspired tales of the 
fabulous roc of early voyagers. Aepyornis is the 
largest known bird, with an estimated body weight 
of 438 kg compared with about 100 kg for the 
ostrich, ft had massive legs, in keeping with great 
bodv weight, and rudimentary wings. Relationships 
of Aepyornithiformes are uncertain; the order is 
usually placed near the superficially similar moas 
(Dinornithiformes). .See Aves. | k.c.p. | 

Aerial photograph 

A photograph taken toward earth from any type 
of aircraft. Generally such photos are made along 
parallel flight lines, overlapping along and between 
lines so as to give a continuous composite picture 
of the earth's surface. Such photos are available 


for the greater part of North America, and for 
extensive areas elsewhere. Methods are in use foi 
accurate measuring of heights, slope inclinations, 
distances, and directions directly from photos, and 
for making planimetric and contour maps. Most 
modern mapping is based on air photos and photo- 
grammetric techniques (.vce Photoghammetrv ; 
Surveying!. Through air-photo interpretation, 
utilizing the three-dimensional view provided by 
overlapping photos viewed under the stereoscope, 
qualified specialists can obtain a wide range of sci 
entific and engineering information on natural and 
cultural features of the earth's surface. This makes 
for greater speed, economy, und accuracy in the 
discovery und exploitation of various natural re- 
sources, facilitates effective land use. and affords 
new data and a new approach for both research 
and teaching in earth science. 

Geographical uses. In geography, the wealth of 

detail on air photos provides basic data for studies 
of both physical and cultural features. Inaccessible 
areas are brought within range of observation, und 
numerous features ate immediately revealed whhli 
othetwisf could be studied onlv by time-consuming 
ground inspection. For an\ given landscape at a 
given point in tune, aerial photography supplies 
the most complete historical record, and cornpari 
son of photos made at successive time- shows the 
nature and rate of changes due both to such nulmal 
c auscs as erosion and deposition, and to the liumau 
factors of population movement ami changing land 
use. Photo interpretation thus facilitates the ariah 
sis and mapping of a wide range of geographic 
phenomena drainage* and leliof features, native 
and cultivated vegetation, various natural ie 
soun es, transportation and < omnumirution s\- 
terns, settlement pattern-, land-use features, and 
so on. These studies find application in land t la—i- 
fication. cadastral mapping, census taking, and 
urban and regional planning. 

Geological applications. In geology, the u-r o! 
air photos is an essential technique, with impoitant 
applications in petroleum exploration, enginen 
ing. and mining and prospecting. Interpretation «d 
photos aids in I 1 ) advance selection of significant 
places for ground studv. and of routes to them. 
(2) preliminary identification and delineation ol 
rock units and Inndfonn*; i.3i drawing of geologic 
boundaries between and hevond points seen on the 
ground: (4) recognition and detailed analysis <d 
features which are obscure from the ground view 
and 1 5 ) exploratory study of inaccessible areas 
Photo interpretation, properlv coordinated will) 
ground studies, plays a vital part in virtually all 
modern geologic mapping, aids in the discovery of 
new types of phenomena, serves to clarify prob- 
lematic relationships, and expedites practical ap- 
plications of the science. In the search for petro- 
leum, for example, skilled interpretation of tin* 
forms, patterns, color tones, and textures on photo* 
furnishes important dues to geologic structure' 
with which petroleum is commonly associated 
(see illustration). 




Stereogram of sedimentary rocks outcropping around tions. For obtaining a three-dimensional image, a 

an eroded structural dome in Wyoming. Photographs standard lens type of stereoscope may be used. The 

such as this supply much of the information needed in scale bar represents a ground distance of approxi- 
preparing geologic maps. Structures of this type are mately 2000 ft. ( USGS photograph ) 
commonly important in localizing petroleum accumula- 


Soil science and agriculture. Photo interpreta- 
tion. adequately cm related with field *tud\. aid* in 
the clarification of soil.- and in the delineation of 
"nil hmmdarie-. fn undeveloped regions, it may he 
especially helpful in reconnaissance mapping of 
"•oil- and location of potential agricultural land. 
Other application* in agriculture include inven- 
torying crop*, surveying soil-erosion damage, and 
planning erosion-control and conservation meas- 
ures. 

Uses in forestry. Photo interpretation aids in 
classifying timber according to tree type and size, 
estimating volume of timber, assessing damage by 
fire. wind, inserts, and diseuse, and planning log- 
ging operations and fire-control measures. In com- 
puting timber volume, photogrammetric studies of 
Iree height, erown diameter, and density of stand 
are used. In some situations, photography made 
'yith special film-filter combinations, including in- 
flated. is considered helpful. 

Engineering applications. Photo interpretation 

aids in site selection, appraisal of underground 
conditions, and location of construction materials. 


Preliminary selection of routes for highways, pipe 
line-, and power line*, and of site* for dams, 
bridges. airfHd*. tunnels, and so forth, along with 
elimination of unfayorahle or hazardous areas, is 
aided by interpretation of topographic, hydrologic, 
and geologic factors. Geologic interpretation, fur- 
thermore. provides a basis for (1) preliminary esti- 
mation of depth and nature of soil and rock to lie 
expected in making excavations or constructing 
foundations: {2) planning detailed subsurface ex- 
ploration by borings and other methods, with maxi- 
mum effectiyencss and economy; and (3) locating 
-nines of sand, gravel, and rock for construction 
purposes. 

Military intelligence. A major source of military 
intelligence information is air photo interpreta- 
tion. Analysis of terrain elements gives data on ob- 
servation points, cover and concealment, traffic- 
ability. routes for movement of men and equipment 
and obstacles thereto, suitability for various types 
of military installations, and characteristics of 
beaches which affect landing operations. Tactical 
interpretation aids in camouflage detection and lo- 
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ration and appraisal of fortifications, gun emplace- 
ments, airfields, supply depots, naval bases, and 
other military factors. Study of repeated photogra- 
phy of the same areas gives clues to changes in the 
military situation. Interpretation of industrial fa- 
cilities aids in selection of strategic bombing tar- 
gets. and in assessment of bomb damage. 

Archeological applications. Air photos aid both 
in the discovery and in the excavation of sites. In 
many places, ancient earthworks, walls, village 
sites, ditches, and other features dating back as 
far as Stone Age times, are clearly discernible on 
photos even where invisible, indistinct, overgrown, 
or inaccessible on the ground. Photos are used also 
in planning excavations and in recording succes- 
sive stages of excavation. 

Uses in meteorology. Photos taken from rockets 
at extreme altitudes may be used to record distri- 
bution of cloud cover over extensive unoccupied 
areas of the earth’s surface, and thus to provide 
valuable data for study of storm movement and 
for weather forecasting. See Mkik.oroi.oi;ii k\ 
rockets. fii.r.r.s. | 

Bibliography : R. N. Colwell ted.). Manual of 
Photo Interpretation (in press); H. T. t\ Smith, 
Aerial Photographs and Their Applications , 1943; 
American Society of Photograminetrv, Photogram- 
metric Engineering , 1934 . 

Aerobacter 

A genus of bacteria of the family of Enterobarte- 
riaceae. The type species A. aerogenes {Bacterium 
aerogenes) frequents the intestinal tract of man 
and mimals and is a cause of infection of the 
urinary tract, gall bladder, appendix, and rectum. 
Members of the genus are grain-negative, rod- 
shaped, motile hv peritrichous flagella or nonrnotile, 
and usually do not have proteolytic enzymes. The 
methyl red test is negative and the \ oges-Proskauer 
test positive ( see IMVlC test). Some tnemhers of 
the genus utilize lactose t lactose positive ): other 
members do not (lactose negative). Many types 
can be distinguished by serological techniques. 
Cultural properties vary considerably, and the 
classification of the many biological varieties is con- 
troversial. The closely related, nonrnotile and en- 
capsulated Klebsiellae once were placed in the 
genus Aerobacter hut are now considered to he a 
separate genus \see Klebsiella pveimoniak). 

For serological classification, only data on the 
somatic (0) and capsular (K) antigens are pres- 
ently available. The flagellar III) antigens have 
not been extensively studied. For the principles of 
these procedures see Salmonella. 

The microorganisms are widely distributed in na- 
ture, particularly in the intestinal tract of man and 
animals and are a frequent agent of urinary tract 
infection and of localized infections such as of the 
gall bladder, appendix, and rectum. Septicemic in- 
fections may originate from the local ones, particu- 
larly in debilitated persons. See Septicemia; see 
also Enterobacterial*: ae. [a.j.w.] 

Bibliography : P. R. Edwards and W. H. Ewing, 
Identification of Enter obactcriaceae, 1955. 


Aerodynamic center 

A position in an airplane wing about which the 
wing coefficient of pitching moment is unaffected 
by wing coefficient of lift. Forces acting on a wing, 
tail, or other aerodynamic surface can be resolved 


lift 



Aerodynamic forces on an airfoil section. (C. 0. 
Perkins and R . E. Hoge , Airplane Performance Stabil- 
ity and Control, V/iley , 1949) 


into a lift and a drug at ting at the aerodvnainir 
center and a pitching moment acting about tin- 
center as illustrated. The aerodynamic center of 
an airfoil section at subsonic speeds is iisualh 
close to the quarterchord. .See Ami-mi.; (.’kmih 
OF GRAVITY: ('ENTER Ol I’KEssI hi . Ikii.il l 

Aerodynamic force 

The force between a body and the air, caused h\ 
their relative motion, such a- the wind blowing 
across the surface of the eaith l.srr^WiM) stress » 
Such forces can be described in terms of the change 
•in momentum of the air produced hv its interaction 
with the body. Typical aeiodvnainic forces aic 
those acting on an aircraft in subsonic flight (sc# 1 
Si:hsonil H.ILHT). These particular furies are < I » 
the lift force, perpendicular to the flight path ami 
concerned with the sustentntion of an aircraft. 
(2) the drag force, or resistance acting to the rear 
along the flight path, and 13) the thrust from the 
power plant necessary to propel or sustuin an air- 
craft. 

Change in momentum, ft is worthwhile to e\ 
amine the origin of a force in a fluid medium, be- 
cause all the above forces fall into thi" category. 
To obtain a force in a fluid, the fluid must he ac- 
celerated; its momentum must he continuously 
c hanged. By Newton’s second law, the force is pro- 
portional to the rate at which momentum is im- 
parted to the fluid. Treading water to obtain enough 
force to keep one’s heud above water is an exam- 
ple of the process. A hovering helicopter may be 
said to tread air in that it gives the $ir some down- 
ward momentum to obtain an upward force. In row- 
ing a boat, the oars impart some rearward momen- 
tum to the water, resulting in a forward thriN 
on the oars. 

An important factor in a fluid force is an a*** 
sessment of the minimum expenditure of energy 




Fig 1 Thrust and momentum flux through hovering 
helicopter rotor. 


nei essarv to produce it. A hovering helicopter will 
H ive to illustrate the principle, although airplanes 
arc siih|e< I to a similar analysis. Referring to Fig. 
]. the thrust T is equal to the mass m of air pass- 
ing through the rotor per second times the down- 
*aid discharge velocit\ (assumed uniform) r, or 
/ m\\ The rate at v vhieli energy is imparted to 

lh»* air in the form of kinetic energy is equal to 
mr’ 2. Assuming no rotor blade drag loss, this 
would i epre^enl the energy delivered to the fluid. 

1 1 the rotor diameter were increased, thereby in- 
i re.'ising m. i could he reduced for the same 
thrust, and the energy would thereby lie reduced. 
As a general principle, the minimum kinetic energy 
required to he dissipated for a given force occurs 
it the largest mass flow and the smallest discharge 
v fdoi it y (.sec Oirvinioi'iKR I. There are additional 
lo^es associated with the method of producing the 
momentum, such as the friction drag acting on 
tin’ blades of a helicopter rotor. This fact and con- 
sideration of weight, strength, and utility serve to 
limit the si/e of any feasible force devic e. 

For a propeller or jet engine rnoying through the 
air. the thrust is assoc iated with an increase in 
w*loeii\ in the propeller slipstream or jet dis- 
charge. An observer on the ground would see the 
air moving rearward out of a jet engine as it 
passed overhead (Fig. 2). Here again the produc- 
tion of thrust by a large mass flow per second 
and a small discharge velocity is ideally the most 
efficient. This reasoning alone leads first to a by- 
pass engine, then to a furhopropeller engine. How- 
ever. factors other than lowest slipstream energy 
los.s are important in the selection of a power 
plant. 

the lift on a wing can also be related to the mo- 
mentum changes in the flow field. In Fig. 3 a wing 
°f span h is producing a lift L by imparting a 
downward velocity v to the air. Air must be pushed 
dnwnwurd continuously to produce the lift. An ap- 
proximation to the amount of air influenced by the 
whig ran he taken as that passing through a cir* 
f, h’ with the span as the diameter. The flow field 
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around a wing is not actually this simple. The 
whole flow field is influenced, the influence being 
a function of direction and distance from the wing 
(.see Airfoil profilk). However, the equivalent 
amount of the field, if the field were uniformly af- 
fected by the wing, is approximated by the circum- 
scribing circle. Thus at flight velocity V t the mass 
per second influenced is (ttA-/4) V p y where p is 
the air density. Hence 

L = (rrb 2 /4r) V pv 

The kinetic energy per second required to produce 
the lift is 

(7r// J ,/4) Vp(v 2 /2) = /, v'2 = L*/2(irb*/4)Vp 

Here again, the minimum energy dissipation to 
produce the lift is associated with the least v, or 
stated differently, to a large span, large airplane 
velocity, and high air density. This energy dissipa- 
tion corresponds to the induced drag of the wing 
and is most important at the lower flight speeds of 
an airplane. 1 he friction or profile drag of the wing 
represents an additional energy dissipation re- 
quired to produce the downward momentum. 

Lift production. The lifting properties of an air- 
foil are usually presented in the form of lift co- 
efficient Ci and its variation with the angle of at- 
tack. 

C L = 2L/SpV~ 

where S is the wing planform area and L is lift. 

For Mach numbers of 0.2 or less, the lift coeffi- 
cient curve slope is approximately 2tt per radian 
and the stall or maximum value is 1.2- 1.6. In gen- 
eral. a higher angle of attack is required to obtain 
the same lift coefficient on a finite span wing than 
on an airfoil. The maximum lift coefficient (the 



Fig. 2. Thrust and slipstream of a jet engine in flight. 
Velocities are as seen by an observer on the ground. 


I 



Fig. 3. Cylinder of air accelerated downward by 
passage of a lifting wing. 
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stall \alm?) ol the wing is 1.1 1.5, usuallv a little 
less than the airfoil value. 

Sustentatinn of an aircraft require* that the lift 
he equal to the weight, or 

If - f. - C,SpC 2 

or Ci — [If S ) 1 2 pi - ) 

For a given wing loading II S there is a niiniiiunn 
•speed I dependent on the maximum \ahie of C,.. 
A low wing area and a large span are desirable to 
decrease the drag, and a high C. t ,,-a i* then neces- 
sary to maintain reasonable landing speeds. Auxil- 
iar> methods of increasing Ct. are then desira- 
ble. and have led to the development of trailing- 
edge flaps and leading-edge -lat> I .see Wim. ). 
Values of C t , rAX of a wing of 2.0 2.2 can be ob- 
tained. 

The relation of wing lift to downflow momentum 
indicates that wing stall corresponds to a limit in 
ahilifv of the wing to produce the downwjid veloc 
if v i in Fig. 3. If more downflow must he obtained, 
some other process of obtaining it is necessatv. 
This led to the helicopter and the STOI. and \ TO I 
configurations, in which an active element ttlie m- 
toi or propeller i is used to obtain or augment the 
downflow. See Conn i Krirt.WK. 

Drag. The drag of an ain raft is the force in the 
flight direction that must be overcome hv the powei 
plant if the aircraft is to maintain flight without 
loss of altitude. Drag arises partlv Irom the down- 
flow required for -ostentation and partlv from skin 
friction and pressure drag acting on all the exposed 
surfe *s of the aircraft. 

Wing drag i* compo-ed of the section drag I the 
profile drag) with values for a smooth wing of 0.000 
in coefficient form. Su-tentation drag C !t Mi-unllv 
called the induced drag) in coefficient form is ap- 
proximatelv C, - A- where 4 i- the a*pei t ratio of 
the wing ( A = b S). 

The drag exclusive of the induced drag of the 
aircraft can he estimated on the hasj- of wetted 
area, that area over which the air flow-. For an 
airplane in which care has been taken to make all 
surface joints flush and smooth, with retractable 
landing gear and all accessories faired in. a value 
of the wetted-area coefficient would he 0.00.5. F«u 
a low-performance personal airplane with fixed 
landing gear, brackets in the air-tream. and leak-, 
the value of the coefficient may he as high as 0.012. 
The coefficient of drag C f , t ba-ed on the wing area 
is then the wetted-area coefficient times the welt' d 
area divided by the wing plan area. Such an estj. 
mate of drag can be only approximate; actual 
values are based on flight and wind-tunnel tests. 

To the above drag (called the parasite* drag) 
must be added the su«tentation or induced drag to 
obtain the total drag. An often-used analytical rela- 
tion. valid up to Ci, =*■ 1. is 

Ci j = Cm 4- Cf, 2 /?irA 

where the factor c with range of 0.8 1.0 makes un 
allowance for the variation of the parasite drag 
with the lift coefficient. 



Fig. 4. Lift- and drag-coefficient data for a large 
transport airplane. 
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Aerodv mimic data on an aiiplauc < an he sum 
mari/rd in a plot as in Fig. 1. Thi- shows the v.iru 
jion of ('.n with Ci and the mea-iire ni the arm 
dvnamic efliciencv l. Do r ( \ (.it- Ktoiinmiidl long 

range air transportation requites high value- m 
L D t see FlIUllI Ml \lt \* ! HIM |( s ) . High L D \ s 
obtained b\ attention in the design of the airplan* 
to a- smooth an exterior as pn-sihle and b\ tie 
selection of a moderate aspect tatin to reduce the 
drag due to su-tentation. 

STOL airplane. The STOI. (short take-off ami 
landing) run airplane must have low wing loading 
and high Cj so it run flv sfimly. and it must 
have low drag ami high tin list so it ran accelerate 
and climb rapidly. The span must be large to i»- 
dure the drag due to lift at low speed. Trailing 
edge flaps of a tvpr that produce a large inn ease 
in Cj , Mlil , with low increase in profile drag are net 
cs-arv. The propeller diameter must be large to ob- 
tain large thrust efficiently at low airspeeds. I he 
attitude of the thrust line during take-off and the 
propeller slipstream blowing over the wing result 
in as much as 'MV/, of the propeller thrust acting 
as lift. These* features can he determined from mo- 
mentum concept*. 

VTOL airplane. The VTOI, (vertical take-off and 
landing) airplane has been hailed as the ultima!** 
type of aircraft. At zero forward speed, the fixed 
wing cannot lift the airplane, and a large power* 


lift-drag ratio 


Aerodynamic wave drag 
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plant thrust (equal to the weight of the airplane) 
i«. necessary. Two avenues are available, (1) tilt- 
ing propellers to use the thrust as lift, like a hell- 
•opler. or (2) fixed propellers with large wings 
tn<! flap's to bend the propeller slipstream down- 
ward and thus rotate the thrust line aerodynami- 
ally. liolh types are under development. A cursory 
•xamination of the aerodynamic problem would 
.rein to favor the former arrangement. .See Vucn- 
i \|. T VKK-Ot F AM) I.AMJI.Ni; (VIOL). | J.H( . | 

Hibliogn/ph ) : L. Prandtl and O. (L Tietjens, Ap - 
i thn! Hydro- amt A emmet hanics, J 934 . 

Aerodynamic wave drag 

n,e lorce regarding an airplane, especially in su- 
personic flight, as a consequence of the formation 
i,| *hock waves. Although the physical laws gov- 
erning flight at speeds in excess of the *q>eed of 
.oiind arc* the -ame a« those for sulfonic flight, the 
nature* of the flow about an airplane and. as a eon- 
sequence. th«* vaiioiis uerody namic forces and mo- 
meiil - acting on the* vehii lc at these higher speeds 
di H c-t siibsttintiall\ from those at subsonic* speeds. 
IltMiallv. these vaiiatiotis icsult from the* fact that 
ai -iipei sotiie* speeds the airplane moves faster than 
ihe distui bam »*s o| the air produced b\ the passage 
»,! the aii plane. 'I’liese disturbam es arc propagated 
;il louglilv the speed • », md and as a result pri- 
raanlv influence oiilv a legion bediind the vehicle. 

Causes of wave drag. The primarv effect of the 

i liaiuie in the* natiiie of the flow at supersonic 
speeds |v a marked increase in the* drag, resulting 
Imm the toimation n| shot k wav**^ about the con- 
li^matiori I see Si m* k \\\\i I. These* strong dis- 
iiuham e*s. which tnav extend for manv miles Imm 
die airplane. « ause significant energv losses in tin* 
.nr. the energv being drawn from the airplane*. At 
-upeisom, flight speech these waves arc* swept hack 
obliqnelv. the angle ot obliqueness decreasing with 
-pee d t I* ig 1). For the* rnafor parts of the shock 
waves produced |»\ a well-designed airplane. 

n ~ sin 'll .1/ ) 

where u js angle of obliqueness and M is the Mach 
nurnhei. the ratio of the flight vcdoeilv to the speed 
( »f sound .SVc M n HsnMi I Lie. ill. 

Ihe shock wavc*s arc* associated with outward di- 
versions of the airflow h\ the various elements of 
die airplane. This diversion is caused In the lead- 
ing and trailing edge's of the wing and control sur- 
bices^ the nose and aft end of the* fuselage*, and 
"thcr paits of the vehicle. Major proportions of 
these* effects also result from the wing incidence re- 
quited to provide lift. At the lower supersonic 
speech, the wave- drag at the zero lift condition is 
|i s uall\ more signific ant than the drag due to wing 
incidence. However, when the Mach number is in- 
‘ n relative magnitude of wave drag at the 

71 Tl> ^ condition gradually decreases, and the 
( rag associated with wing incidence progressively 
•in reuses, so that at the higher supersonic speeds 
* aVf - ^ ra K ^ne lift is usually considerably more 
'inportant than the zero lift value. 



speeds. 

Means for reducing wave drag. The wave drag 
at the zero lift condition is reduced primarily by 
decreasing the thickness-chord ratios for the wings 
and control surf.»»es and by inc reasing the length- 
diameter ratios for the fuselage and bodies. Also, 
the leading edge ot the wing and the nose of the 
fuselage are made relatively sharp (Fig. 2). With 
sue h c hanges, the severity of the diversion* of the 
flow bv these- elements is reduced, with a resulting 
reduction of the strength of the associated shock 
waves. The wave drag is further reduced by sweep- 
ing the wing hack. Some supersonic wings have a 
large amount of leading-edge sweep with little or 
no t railing-edge sweep; such planforins are re- 
ferred to as delta or modified delta. Also, the su- 
personic drag wave has been reduced by shaping 
th hisrlage and arranging the components on the 
basis of the area rule (see Transonic flight). For 
supersonic speeds, the airplane cross-sectional 
areas used in the application of this rule are ob- 
tained in planes inclined at the angle of the shock 
waves. 

The most effective means for reducing drag as- 
sociated with incidence is to sweep the leading 
edge of the wing back. The flow over such a wing 
with incidence is more like that at lower speeds. 

When the speed is increased to supersonic values, 
an airplane, at a given attitude and altitude expe- 
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subtonic supersonic 

Fig. 2. Comparison of airfoil sections for subsonic and 
supersonic flight. 


rienres large increases in drag, in addition to those 
associated with the different nature of the How. be- 
cause of the higher dynamic pressure at these 
higher speeds. To offset this effect, supersonic air- 
plane* usually fly at considerably higher altitudes 
than subsonic vehicles. For example, for efficient 
flight at Mach 3, an airplane must fly at an altitude 
of about 60,(XX) ft. 

Effect on liff-drag ratios. Even with the improve- 
ments just described, aerodynamic efficiencies, or 
lift-drag ratios, for supersonic airplanes are sub- 
stantially less than those for subsonic machines. 
The best lift-drag ratios obtainable with feasible 
configurations at moderate supersonic Mach num- 
bers of 2 3 are about one-half the \ allies measured 
for comparable subsonic airplanes. However, the 
efficiency of the jet engine is higher at supersonic 
than at subsonic speeds. At Mach 2 3. the increase 
is about equal to the decrease of aerodynamic effi- 
ciency. so that over-all flight efficiency may he as 
high at such speeds as at subsonic velocities. 

A major problem associated with supersonic 
flight, particularly at the higher supersonic speeds, 
is that of taking air into the engines. This* dir 
must he decelerated from the flight velocity to a 
relatively low speed at the compressor of the <*n- 
gim without excessive energy looses. With a sim- 
ple inlet, such as that used on subsonic and tran- 
sonic airplanes, a strong normal shock wave form* 
ahead of the forward face at supersonic speed**. 
This shock causes severe loss of energy in the air 
reaching the engine, and consequent losses of en- 
gine performance. In addition, the drag of the air- 
plane is increased. To reduce these losses, special 
inlets and diffusers which decelerate the airflow to 
the engine by a series of weak disturbances arc 
used. .See Si pkrsom* nit v ( SLR. 

Stability and control. At supersonic speeds the 
center of lift on the wing is well aft of the position 
for subsonic flight: thus the control forces for 
level flight at these speed* may he substantially 
different from those for subsonic speeds. In addi- 
tion, the effectiveness of control surfaces at super- 
sonic speeds is substantially less than at subsonic 
speeds for the same reason that such effectiveness 
is reduced at transonic speeds. Consequently, flap- 
type controls are made relatively large on super- 
sonic airplanes. Also, special spoiler-type controls 
may be used to augment the effect of the flap. Fur- 
ther, the entire horizontal or vertical stabilizing 
fin may be moved to provide longitudinal und di- 
rectional control. 

With wings that have a delta or highly swept 
planform, lateral controls near the tips of the wing 
may be used for longitudinal control as well. For 
such wings, the controls are far enough aft of the 
airplane center of gravity that forces associated 
with control deflections provide adequate pitching 


moments. A supersonic airplane may have the hor- 
izontal stabilizing and control surface forward of 
the wing, rather than in the conventional rearward 
location. Such un arrangement, called a canard, of- 
fers a number of advantages for supersonic air 
planes. For example, the tail does not operate in 
the exhaust of the jet engines or in the strong 
downwash field of the wing. .See Aerodynamic 
force. 

At the higher supersonic speeds, an improperly 
designed airplane may become directionally unsta- 
ble. that is. unstable about a vertical axis. This 
effect results from the fact that effectiveness of the 
afl-located vertical stabilizing surface decreases 
with an increase in Mach number, hut the desta- 
bilizing force on the forward part of the fuselage 
usually does not. Also, the influence of the reduc 
tion in directionul stability may interact with the 
wing dihedral effect to cause a severe compound in 
stability, usually referred to as roll coupling. To 
provide sufficient directional stability to eliminate 
the possibility of such effects, the vertical stahili/ 
ing surface* of supersonic airplanes are made rela 
tively large. |r.t.wh : 

Bibliography: A. F. Donovan and H. R. Law- 
rence (eds. I. Aerodynamic Components of Air 
craft at High Speeds . 1%7; A. F. Donovan et al 
(eds. l. High Speed Problems of Aircraft and E x 
perimentnl Methods . 1 960. 

Aerodynamics 

The branch of aeromechanic* dealing with tin 
properties and characteristic* of, und the fnne- 
exerted bv, air and other ga*e* in motion. 

The field of aerodynamic* im lude* the science <>! 
a gas itself in motion and the science of hodic* ini 
inerscd in a ga* between which there exist* a rela 
tive motion. Nee Las dynamics. 

Aerodynamic* i* a broad field with mmiermi- 
specializations and appli< ations. some of which 
tend into apparently unrelated field* of science ami 
engineering. 

Perhaps the most frequently practiced function 
of the aerodynamicist i* the analysis of the fone- 
and moments exerted on a solid body in motion 
through the air. 

Of fundamental significance in the term acrodv 
namic* is the prefix, aero, which refers to the air 
of the earth’s atmosphere. Until man can achieve 
flight within the atmospheres of planets other than 
the earth, the limits of aerodynamic flight and tlie 
majority of practical considerations in aerody- 
namic* will he confined to the limit* of the earth - 
atmosphere as defined in aerodynamic terms. 

Figure I presents the practical limit* of acrodv 
nainic flight within the earth's atmosphere based «'»» 
a quantitative analysis of the governing factors 
a largi> extent, the significant aerodynamic reac- 
tion* of missile* in passing through the almo*phcN‘ 
also occur below the upper boundary shown i* 1 
Fig. 1. 

Two overlapping flight regimes are shown. The 
upper regime defined as the aeros pace- veil i<J r 
flight regime indicates the operating region "f 




the atmosphere. (Aero 'Space Engineering) 


regimes. 


n'.*nt!\ vehicles an* 1 |* . v which usr aero- 

ilwianuc lilt during their descent through the at- 
mospheic. It" upper and lower boundaries are He- 
lmed h\ a wing loading of 20 1 1 » ft-' and 14) Ih ft-’, 
lespectlveU . 

The lower flight regime of Fi^. 1 i* defined a* 
tin* rniisingvehicle flight regime (sometimes re- 
leried to a" the corridor of continuous, flight I . Tlie 
upper and lower boundaries here aie It) Ih ft- and 
200 Ih ft~. respectively. 

The portion of thi< flight regime which was pene- 
trated in the first SO Near** of powered flight is in- 
dicated in Fig. 1. 

The acrodvnainic heating limit euts off access to 
a large portion of the cruising flight regime be- 
tween 12.000 and 21.000 ft sec. Actually, this 
temperature represents the approximate upper c\- 
0 erne of man’s engineering ability to penetrate what 
is sometimes called the thermal thicket: it cannot 
he nmimlclv described as a harrier. .See Af.ro- 
nn.UMonw \M|c s. 

Stric tly ballistic reentry vehicles could not reach 
tin 1 surface of the earth wholly within the bound- 
aries. of the flight regimes just defined. The ballistic 
path of reentry in Fig. 1 would pass through both 
• egimes almost vertically at high speed, the great- 
reduction in velocity occurring in the denser at- 
niospherc below the cruising-vehide flight regime. 

a result, ballistic reentry vehicles suffer far 
greater extremes of aerodynamic heating during 
teentry as a result of air friction than do aerody- 
namic reentry vehicles. See Ballistic missile; Re- 
•■■n my. 

Hgure 2 is a plot similar to Fig. 1 except that 
*he flight envelopes previously described have been 
s nhdivide.d into three speed regions; subsonic, su- 
personic, and hypersonic. 


The aerodynamic heating region or thermal 
thicket is shaded, the shades deepening with rising 
temperature. 

At velocities below the speed of sound (Mach 1 ) 
air may he considered to he incompressible. The 
laws governing flow phenomena in this speed range 
comprise subsonic aerodynamics (.see Sprsonic 
i- limit). Between Mach 1 and approximately Mach 
5.5 is the region of supersonic aerodynamics. Su- 
personic* differs markedly from subsonirs because 
the air heroines compressible (see Sr P Fit sonic 
un.irrl. The ojrrow transition region hetw-een 
siihsonie and supersonic flight is characterized by 
a rapid drag rise often referred to as the sound 
harrier. See Sonic bantu lit; Transonic, might. 

Above a speed of about Mach 5.5 another branch 
of aerodynamics (hypersonic*) has been defined to 
calegori/e phenomena which differ markedly from 
supersonic flow. At hypersonic speeds, properties 
of the gaseous medium in which a vehicle is im- 
mersed begin to differ significantly from those of 
air at lower speeds. High-temperature gas phenom- 
ena must now he included in the aerodynamic anal- 
vsi*. See Hypersonic might. (w.c.wa.1 

bibliography : W. C. Walter. A quantitative 
analysis of the characteristics and limitations of 
aerodynamic flight within the atmosphere. Aero f 
Space Engineering, 1959. 

Aeroelasticity 

A branch of structural and fluid mechanics that 
concerns the elastic behavior of an aircraft in flight. 
All aircraft are elaslic and deform under the aero- 
dynamic load. In this sense, an aircraft is no differ- 
ent from any other machinery. What makes the air- 
craft speciai is that certain aerodynamic forces are 
sensitive to small elastic deformation. In fact, there 
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exist critical speeds of flight beyond which elastic 
deformation will cause such severe disturbances on 
the aerodynamic forces that flight will become im- 
possible. Even at flight speeds below such critical 
speeds, elastic deflection may have significant ef- 
fect on the aircraft's performance, stability, and 
controllability. Aeroelasticity is an important sub- 
ject to consider in aircraft design. 

The degree of complexity of the aeroelastic phe- 
nomena depends on whether the flow is potential or 
separated, laminar or turbulent, static or dynamic. 
Aeroelastic phenomena common ly considered b> 
aeronautical engineers are given in the outline. 

Aeroelasticity problems of general concern 
F. Stability problems in a potential flow 

A. Static stability, divergence 

B. Dynamic stability, flutter 

II. Response problems in a potential flow 

A. Static 

1. Control reversal 

2. Control effectiveness 

3. Aerodynamic load distribution 

B. Dynamic 

1. Response to discrete gu*t 

2. Dvnamic stability of airplane 

III. Problems involving turbulences, flow separa- 
tion. or shock waves 

A. Buffeting 

B. Stall flutter 

C. Flight in a turbulent flow, atmospheric 

turbulences 

J. Oscillations of bluff bodies 

IV. Associated problems 

A. Aircraft vibrations 

B. Aerodynamic noises 

C. Jet noises 

Divergence. The basic cause for divergence and 
control reversal is the same. \ wing illustrates 
the phenomenon. If the wing's angle of attack is 
accidentally increased, a torsional moment is usu- 
ally created which causes the wing to twi-t ela-ti- 
callv and thus change the angle of attack bv a cer- 
tain amount (see SrusoNir fijghti. Assume that 
the angle of attack is increased bv the elastic de- 
flection. The increase magnifies the aerodynamic 
moment further and thus c auses still greater elas- 
tic deflection. Such interaction usually tends to be- 
come smaller and smaller until a condition of sta- 
ble equilibrium is reached. However, the aerody- 
namic force per unit angle of attack increases wth 
increasing speed of flight, whereas the elastic mo- 
ment per unit twisting angle is independent of the 
flight speed (neglecting aerodynamic heating ef- 
fects). As a consequence, the equilibrium «tate in- 
volves larger and larger elastic twist as the flight 
speed increases. In most cases, a critical flight 
speed exists at which any accidental disturbances 
in angle of attack cannot be resisted bv finite elas- 
tic distortions; this is the critical divergence con- 
dition, and the corresponding speed of flight is the 
divergence speed. In general, flight beyond the di- 
vergence speed would be impossible. Figure 1 il- 
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Fig. 1. Rapid increase of the elastic deformation as 
the divergence speed is approached. 

lustrutrs a tvpical example of the ratio of the an- 
gle of twist of an elastic wing to that of a rigid 
wing. The elastic* twisting angle tends to be \er\ 
large as the divergenc e speed is appmuc lied. 

Historii allv. the wing torsional divergence might 
have been the cause of S. I\ Langley's failure in 
his famous monoplane in l ( Jl)d. shortly before the 
Wright brothers’ sun essful flight 

Control reversal. The eontiol reversal occurs at 
the so-called reversal speed. At reversal speed an\ 
deflection of a control surface, suelyis aileron, nid 
der, or elevator, will induce such elastic distortion 
of an airplane as to create an aerodvnamit moment 
of the opposite sense to the control-surface defies 
lion and of such magnitude that no resultant urn- 
trol moment is produced. Thus the control suifacr 
becomes useless. At flight speeds bevond the criti 
cal reversal speed, the functioning of the control 
surface is reversed. Figure 2 illustrates bow aileron 
effei tiveness. as measured bv the ratio of rolling 
velocity to aileron angle, is affected bv flight speed 
for a tv pical airplane. 

Control effectiveness. Elastic distortion of an 

airplane increases rapidly as its speed increase* 
toward the divergence speed and reversal speed. 
The elastic distortion affects the effectiveness of 
the control surfaces. It also affects the distribution 
of the aerodynamic lift force over the lifting "ur 
faces, changes the center of pressure, and thus af- 
fects the static and dynamic stability character- 
istics of the airplane. .See Flight charac-TI histh s - 
Flutter. The most important problem in aero* 
elasticity is undoubtedly the flutter, which is a dv 
namic instability occurring at u flight speed called 
the flutter speed. At flight speeds below the flutter 
speed, ar.y free vibration of the airplane will h* 1 
damped. At speeds above the flutter speed, on 
damped or divergent oscillations will occur isr? 
Mechanical vibration). Because of such nonlin* 




Fig. 2. Aileron effectiveness of a typical wing. 



iji rfliTN a* friction. structural damping, and 
lu< kla*fi. flutter often s«*t* in at a flight speed 
diulitlv in exec** «»f the (lutin' speed. and iihmIIv 
-l ji I- v> ill) j! i t-al v iolrncc. 

Tin* lia^i<* cau*c for flutter i- tin* continuous 
< h<in* 4 «* in tin* pliant* relation-hip between the aero* 
dvnamir lorn-* and thr oscillatorv cla-lic di*- 
fil.nrmrnt a* thr fl i^* lit -peed changes. When a rnn- 
•lit i«»ii i- rrarhrd at which thr pha** 1 iclation-hip 
i' "inh that cneigv can hr extracted from thr air- 
‘■I rram to huild up the oscillalon motion, flutter 
<" < llf". .Srr I ’l l I I KM. M HON \\ l M \\ . 

IV lelative value* of the speed- of divergence. 
‘ ontrol reversal, and flutter depend on the flight 
Mach number, wing gromrtrv. and mass and elas- 
tic ilv distrihutinns. Figure .1 shows qualitatively the 
rrl.ition between rritiral speeds for a typical wing 
with varying amounts of rearward and forward 

"Weep. 


Dynamic Stability. The relationship between the 
dvnamir stability of an airplane and flutter is *imi- 
lar to that of the control effectiveness and reversal 
b usual in airplane design to analyze the per 
formanee. stability, controllability, and maneuver 
ability of the airplane as a rigid body. The effect 
‘d the elastic deformation is then added as a refine- 
,nrnl - although in many instances such refinement 
may turn out to be extremely important. The aero 
dynamic* of the stability analysis is the same a< 
that used in the flutter analysis, except that the 
frequencies of the osc illations involved in airplam 
dummies are usually so low that it is sufficient It 
l,v ‘ Hf >*eulled first-order theory. This means that 
,l, d\ the first-order terms are retained when al 
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aerodynamic coefficients are expanded into power 
series of reduced frequency. 

The reduced frequency is a dimensionless param- 
eter commonly used in the aerodynamics of un- 
steady flow. It is defined as frequency times char- 
acteristic length divided by velocity of flow. It is 
an important parameter for the determination of 
the oscillatory aerodynamic forces acting on a 
body which perforins a harmonic oscillation of a 
specific frequency in a flow of uniform velocity at 
infinity. For an airfoil, the chord length is usually 
taken as the characteristic length. For a circular 
cylinder, the diameter is often used. 

The reduced frequency is also called the Strouhal 
number, after V. Strouhal who first investigated 
the periodicity in the flow around a circular cyl- 
inder (1878). In the aeroelastieity literature, the 
term reduced frequency is often used when the 
frequency is expressed in radians per second, 
whereas the term Strouhal number is used when the 
frequency is expressed in cycles per second. 

Stall flutter and buffeting. If the angle of attack 
of a wing exceeds the stalling angle, flow around 
the airfoil will become separated. If separation oe- 
nirs during th» whole or part of each cycle of a 
flutter motion, it will be called a stall flutter. The 
critical speed for "tall flutter is usually consider- 
ablv lower than that of the classical flutter dis- 
cussed above, and thus it is important in the de- 
sign of rotating machineries, such as propellers, 
turbine blade*, and compressors, which must oper- 
ate at higher angle* of incidence. .See Tvrbojkt. 

Structural oscillation may also be excited by the 
turbulence* in a flow. Such a motion is often irregu- 
lar and i* called buffeting. Buffeting over a part of 
an airplane may be caused by a flow separation 
over another part of the airplane, as in the case 
of tail buffeting due to a separation at the wing- 
fu*elage junctif :: 

Sometimes it mm. be difficult to distinguish buf- 
feting from stall flutter. For example, a stalled 
wing creates a turbulent wake, but the wing may 
induce in itself a motion that borders between 
buffeting and stall flutter. Sometimes the motion 
of the wing i* quite random, sometimes it is quite 
regular, and sometimes it is a mixture of the two. 
sue h a* random in bending but fairly regular sinus- 
oidal oscillation in torsion. The last feature is de- 
scribed by the term buffeting flutter. 

Buffeting limits the operational range of Mach 
number and lift coeffic ient of an airplane, and is 

dec isive importance m high altitude flight. Buf- 
feting flutter of a wing is a problem of great con- 
cern in transonic flight. Preventive measures 
against buffeting usually involve a clean aerody- 
namic design and proper positioning of the tail 
assembly with respect to the wing and fuselage. 

An important cause of buffeting and stall flutter 
in high speed flight is the boundary-layer separa- 
tion induced by shoc k waves at transonic speeds. 
Figure 4 is a photograph of the eddying wake down- 
stream of a shock-indueed separation of a turbulent 
boundary layer of an airfoil at a Mach number 
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Fig. 4. Schlieren photograph of the eddying wake 
following a shock-induced flow separation. The dark 
lines are shock waves. (Courtesy National Physical Lab - 
oratory , England; photo by D. W. Holder ) 

0.87. Alleviation or delating of -uch -hock- induced 
separation may be achieved bv such met hods as 
proper aerodynamic design of the wing, adoption 
of laminar-flow airfoils of "inall tliickne— . or 
proper camber of the air foil near t lie leading edge. 

Separation often occurs in a flow around a bluff 
body, such as a cylinder. In a certain range of 
Reynolds number-, the wake arrange- itself into a 
double row of vortices (.see Kviimvn \oim\ 
strkkt i . Large periodic lift force- are induced on 
the cylinder a- a consequence of the generation of 
such vortice-. Tall -moke stacks, television anten- 
na^. cross-country oil pipelines, electric transmis- 
sion line.-, and submarine peri-cope- are "objected 
to wind- or water-induced vibration-, sometime- 
severe. a- implied in -ucli terms as ‘'galloping** of 
transmission line-. For a circular cylinder. Karman ■ 
vortex street begins to appear when the Reynolds 
number (defined as the product of velocity of flow 
times cylinder diameter, divided bv the kinematic 
visco-ity of the fluid, in consistent unit- 1 exceed" 
ahout 40. but become- diffused at large Reynolds 
numbers. The oscillatory lift coefficient acting on a 
circular cylinder, defined as the lift force divided 
by the product of the projected area of the cylinder 
and the dynamic pressure of flow, has an amplitude 
of order 0.7- 1.0 for suhcritical Reynold- numbers 
(of order .450.000). For supercritical Reynolds 
numbers the flow is turbulent and has no distinct 
vortex-street pattern, hut the root-mcare-quare 
value of the lift coefficient is still of order u.13. 
Such wind-induced oscillations are a form of stall 
flutter. Figure 5 shows the stall flutter (predomi- 
nantly torsional oscillation) of the original Ta- 
coma Narrows Bridge in Puget Sound. Washing- 
ton, which lead to a catastrophic failure on Novem- 
ber 7, 1940. 

Gust loads. An airplane encounters gusts, or 
transient wind velocity normal to the flight path, 
during usual flight. The response of the airplane 
to gusts depends on the airplane’s center of mass 
location, wing geometry, aerodynamic character- 


istics, and elasticity. The gust condition is usually 
the controlling design condition for the strength of 
large aircraft. Aeroelastic effects may have an im- 
portant influence on gust loads. For example, a de- 
signer can expect the dynamic response of a 
straight wing in the gust condition to produce 
wing bending moments at the root 15 20<}, 
greater than those calculated on the assumption of 
a rigid wing. 

The atmospheric turbulence, revealed as gusts on 
the airc raft, mav need to he treated as a continuous 
disturbance or as a stochastic process whose time 
hi-torv cannot be specified definitely but whose 
statistical characteristics can be predicted with 
reasonable assurance. The analysis of airplane re- 
sponse to a continuous gust usually employs tin- 
power spectral analy-is technique. The power spe» . 
trutn of the atmospheric turbulences does not diflei 
much from that of the wind-tunnel turbulences ami 
i- determined by flight testing. 

Noises and vibration. A modern high-speed air 
craft i- often subjected to severe acoustic excita- 
tions caused by the proximity of a structural ele 
ment to a jet exhaust or by the aerodynamic noj-e. 
generated in the boundary luver. The elastic n 
spon-e of a structure may induce high vihrutor\ 
-Ire— ps and cau-e severe fatigue damage. 

The noise generated by a jet or rocket engim 
emanates from manv sources, -mb a- turbulent 
mixing of the jet with the surrounding atmo-phen- 
interaction between turbulence eddie- and thermal 
fluctuations (entropy spottine-s) with an\ -IjM.k 
wave" in the evhaiM; pre-sure fluctuations in tin 
engine chamber, particularly if combustion in-r.i 
bilitv arise": and vibration- of the < lumber wall- 
Such iet engine noi-e" eon-ist of random pre— un 
fluctuation- with continuous and broad-frequent 
spectrum, and mav have an acoustic power in t In- 
order of I 'r of the engine power for a large rocki-t 
engine. Theoretically, the total arou-tic power of 
the noi-e source varies a- the eighth power of e\ 
hau-t velocity [ , Experiment- -how that the acorn 
fi< power varies as V H for small jet velocities and 



Fig. 5. Still flutter of the origino! Tocomo Narrow* 
Bridge. (Courtesy of F. B. Forquharson ) 
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becomes proportional to V' A at high jet velocities, 
where V is the average exhaust velocity. 

The noises generated by turbulences in the 
boundary layer also vary with a high power of the 
flight Mach number. The intensity of the' noise gen- 
erated on the skin of an aircraft increases as V 1 
to V’ as the flight velocity V increases. It is such 
high power of velocity that makes the noise excita- 
tion a real structural problem for supersonic, flight. 
>Vc Aircraft noisk. [y.c.f.] 

Hibliography : R. L. Bisplinghoff, H. Ashley, and 
It. L. HaJfman, Aernelasticity \ 1955; Y. C. Fung. 
Art Introduction to the Theory of Aernelasticity , 
1055; R. H. Scanlan and R. Rosenbaum. Introduc- 
tion to the Study of Aircraft Vibration and Flutter , 
1951. 

Aerology 

\ term synoriomous with meteorology and aerogra- 
ph) hut often used by professional meteorologists 
to denote the science and study of the upper atmos- 
phere. Generally credited to W. Koppen in 1906, 
the term was exploited by N. Shaw in the early 
1920 s in an effort to substitute it for meteorology. 

Aerology has been applied almost exclusively to 
I .S. \a\al meteorology. In 1917. A. G. McAdie 
adopted the term aerograph) for naval meteorology 
and published a text!; Print iples of Aetogra- 
pin { Rand- McNallv. 1917). In 1922 F. W. Kei- 
< lii-lderfcr. then head of the naval weather service, 
was so impressed with the views and influence o| 
\ Miaw that he substituted tin* term aerology for 
aerographx . Since that time l .S. \avv incteornlngi- 
«mI oflicers have been designated as aerologists and 
their chief pettv officers as aerographers. 

Both aerology and aerographv are gradually be- 
coming obsolete. See At lto\ ATI l< VI. MtTKOKOL- 
o(.V : Yw aI. MKI FOHOI.OC.Y. I II. ■ T. It.] 

Aeromagnetic surveying 

I he process of measuring the magnetic field of the 
• arth from an airplane, made possible b\ the de- 
velopment of self-orienting and direction-insensi- 
tive electronic magnetometers. When these devices 
arc coupled with means for determining the posi- 
tion of the airplane in spare, it is possible to make 
magnetic maps which can be used to study the 
magnetic field and its secular variations and to find 
how this magnetic field is distorted by the mag- 
netic properties of nearby geologic materials. 
Measurements of the magnetic field can he made 
on the ground by these and other instruments hut 
the air-borne magnetic measurements can be made 
more rapidly and cheaply than surface measure- 
ments and can be made in areas where surface 
measurements arc difficult or impossible. 

Air-borne magnetometers. These instruments 
are tw ° types, self-orienting fluxgatc magne- 
tometers which measure the variation in the total 
magnetic intensity as the magnetometer is moved 
through space, and nuclear magnetometers which 
measure the absolute total magnetic intensity. 



View from aircraft of suspended magnetometer in use 
for making a magnetic survey in an inaccessible region 
of moderate to low relief. (Aero Service Corporation) 


Fluxgatc magnetometers. Such instruments have 
a detecting element that is a pencil lead-sized rod 
of permalloy, a very easily magnetized metal, sur- 
rounded b\ a coil of wire in which an electronic 
oscillator impresses an alternating current. This 
alternating cm rent is distorted by the effect of the 
external magnetic field, and electronic circuits 
amplify and measure these distortions which are 
then recorded on a continuous paper chart cali- 
brated in magnetic units. Three mutually perpen- 
dicular detecting elements are used with two ele- 
ments connected to motors so arranged that these 
two elements are continuously oriented at right 
angles to the magnetic field. The third element is 
then aligned parallel to the magnetic field and its 
output represents variations in the total magnetic 
inP'iisitv. The*’ . uriations arc all that are required 
to study the lor;d effect of the magnetic materials 
on the magnetic field. To measure the components 
of the main geomagnetic field, however, it is nec- 
essary to measure the orientation of the measuring 
detector against some frame of reference. See Gko- 

M NGM IISM. 

Measurement is accomplished by supporting the 
entire detector assembly and associated orienting 
sy>tem a* a pendulum. Svnchrotransmitters geared 
to two orienting motors are used to measure di- 
rectly the inclination and declination of the earth’s 
field with reference to the heading of the aircraft. 
- .e heading of the aircraft relative to a celestial 
body is determined with a sextant which is simi- 
larly geared to a synchrotransmitter. The normal 
oscillation of an airciaft in motion, even in still 
air at high altitude, will produce considerable 
fluctuations in the angular measurements. These 
fluctuations arc removed by a circuit which auto- 
matically averages the observed values over any 
period, usually about 100 sec. 

S'uclear magnetometers . These magnetometers 
have been developed for air-borne measurements 
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by utilizing the magnetic properties of atomic 
structures'.. The two types, proton precession and 
alkali vapor, both have the advantage of being in- 
sensitive to the direction of the field and of pro- 
ducing absolute measurements in terms of fre- 
quency, the physical quantity most easily meas- 
ured to high accuracy. 

In the proton precession magnetometer, a large 
magnetic field is used to orient the magnetic fields 
of hydrogen protons in water or hydrocarbons. 
When this field is cut off. the protons precess about 
the direction of the field to be measured. The fre- 
quency of their precession depends upon the in- 
tensity of the magnetic field; by measuring this 
frequency, the absolute magnetic intensity can be 
determined. Alkali vapor magnetometers make use 
of the fact that if circularly polarized light is shone 
through vapor of an alkali metal which is being ex- 
cited by a varying radio frequence magnetic field, 
light is absorbed at certain frequencies which are 
related to the orienting effect on the atoms of a 
steady external magnetic field. By measuring the 
absorption frequencies, it is possible to determine 
continuously the external magnetic field. 

Field equipment and methods. In addition to 
the magnetometer, special equipment is required 
to lor ate the airplane in space. This includes; al- 
timeters, either barometric or radar, to determine 
the altitude of the aircraft or its height above 
ground; cameras to photograph continuous! v the 
path of the aircraft o\er the ground, nr electronic 
navigational equipment, such as Shoran or Decca, 
to rtcord the plane's position relative to trans- 
mitting stations: and a means to correlate all of 
these records. In making aeromagnetic survey*. the 
airplane is directed along a regular pattern of par- 
allel lines at an elevation and spacing chosen to 
sample adequately the field to be measured. A se- 
ries of cross or base lines are usually flown so that 
corrections can be made for the effect of diurnal 
variation and instrumental drift. 

Compilation and interpretation. The magnetic 
intensities measured during the field survev must 
be compiled, usually as a map. The flight path of 
the airplane is plotted on a map; the magnetic rec- 
ords are adjusted to a common magnetic datum 
and reduced to profiles at the chosen horizontal 
and vertical scales. Magnetic values are read from 
these profiles and are plotted on the map of the 
flight path. Lines connecting all points of the same 
magnetic intensity are drawn so that the final mag- 
netic contour map is a representation of the mag- 
netic intensity, either total, or that of one of the 
components, depending upon what data were 
measured. 

The data collected in an aeromagnetic survey 
are the same as those obtained by ground methods; 
therefore, the interpretation of the maps and pro- 
files resulting from these data involves the same 
fundamental theories as have been applied to the 
results of ground surveys (see Geophysical ex- 
ploration). The aim of the interpretation is to 
separate the mapped magnetic field into separate 


units, or anomalies, and determine the source of 
each. It is a mathematical fact, however, that u 
unique distribution of magnetization which will ac- 
count for any magnetic potential field cannot he 
determined. A particular conformation of the field 
can he produced by an infinite number of distribu- 
tions of magnetizations at distances equal to or les> 
than a determinable maximum figure. Thus it may 
he possible, in spite of the ambiguity inherent in 
the data, to calculate maximum depth for masses 
producing particular anomalies. If other informa- 
tion is available, either geophysical or geological, 
it can he used with the magnetic data to provide 
limiting conditions in regard to the size, shape, 
depth, and composition of the mass produc ing the 
anomaly. Generally this is accomplished by com- 
paring the observed magnetic information with 
that computed from theoretical models or observed 
from experimental models. 

Values and limitations. The air borne magne- 
tometer is ideally suited for making acc urate re- 
connaissance survevs of large, relatively flat area* 
which are not easily accessible !>' surface trail* 
portation. Good maps and photographs must hr 
available, nr the survey must be located when 
electionic navigation can be used easily. The air- 
borne magnetometer is of limited usefulness for 
low-level surveys in mountainous regions, nr fur 
survevs of complex and detailed anomalies prn 
due cd by shallow magnetic deposit*. I nlcss 
helicopter is used, the magnetometer ■ an seldom 
be applied economically to projects toyeiing h- 
than 25 square miles «»r lor picqcc |s requiring |n 
rational acc uracies better than plus or minus 5i) ii 
The development of the air-borne magnetometer 
ha* not broadened the fundamental's' icnrr of gn» 
physics but has placed in tin* bands of g»»nph\*i 
•cists an instrument that c an provide magnetic map* 
of large areas in much le-s time, at less 10 * 1 . and 
in some instances, of greater accuracy than wa* 
heretofore possible. ; .1 a.iiv 1 

Bibliography. M. B. Ilobrin. Intmdmtion tt> 
Geophysical Prospecting , 1952: II. E. I.andsherp 
led. I. Advances in Geophysics , vol. 1. 1952. 

Aeromechanics 

The science cd air and other gasc* in motion or 
equilibrium. Aeromechanics has two branches, 
aerostatics and aerodynamic *. Aeromechanics i* i\ 
special case of the more general field of fluid 
mechanics, the sc ience of fluids in motion or erpn 
librium. See Fi.rin mechanics. 

Aerostatics is the branch of aeromechanics deal- 
ing with the equilibrium of air or other gases, and 
also with the equilibrium of bodies immersed in a 
gaseous medium. Examples of aerostatic phenoni 
cna are air being compressed in a dosed container, 
and the behavior of a dirigible or balloon. See 
Aerosta tic s. 

Aerodynamics is the branch of aeromechanic" 
dealing with the properties and characteristic**® d. 
und the forces exerted by. air and other gases in 
motion. The resistance and pressure of air flowing 



through a duct such as a wind tunnel, and the 
forces exerted by airflow over an airfoil-shaped 
compressor blade in a turbojet engine are aerody- 
namic in nature. See Aerodynamics. [w.c.wa.] 

Aeronautical engineering 

That branch of engineering which is concerned 
primarily with the special problems of flight. His- 
torically, aeronautical engineering is an offshoot 
of mechanical engineering and, even now, many 
universities offer the course as an option in a me- 
chanical engineering department. However, as the 
technology of flight developed, distinctions were 
made in the curriculum of the aeronautical engi- 
neer. The need to realize the best possible de- 
sign at any one time led to a high degree of so- 
phistication. Small improvements in power plants, 
aerodynamics, or structures often made most sig- 
nificant differences in the over-all performance of 
an airplane or missile. From the beginning, scien- 
tific principles were fully exploited. This full use 
of all available knowledge influenced the curricu- 
lum of the aeronautical engineer, and this curricu- 
lum took on a much stronger scientific bent than 
the traditional technologies. Basic phenomena of 
fluid flow were emphasized; structural design of a 
strongly analytical nature was introduced, and dy- 
namics and mathemati c were strengthened. As a 
result, aeronautical engineers were well prepared 
for the sudden technological explosion which 
took place during and since World War II. 

Since 1940, aeronautical engineering has dras- 
tically expanded. Flight speeds have increased 
from a few hundred miles per hour to satellite and 
^pace-vehicle velocities. The common means of pro- 
pulsion have changed from propellors to turbo- 
props, turbojets, ramjets, and rockets. Aeronauti- 
cal engineers now find that what was taught as only 
of theoretical value not long ago is now a neces- 
sary tool. 

The aeronautical engineer now works in fields 
which were once the exclusive domain of the physi- 
cist. Similarly, many jobs which were historically 
the exclusive domain of the aeronautical engineer 
are now being done by others who have acquired 
legitimate interests there. An example is aircraft 
or missile control. At one time, an aeronautical en- 
gineer designed a simple mechanical linkage be- 
tween the pilot and the control surfaces of the air- 
plane. He designed the airplane such that there 
was a proper balance between the control effec- 
tiveness, the characteristics of the airplane, and 
the pilot’s strength. While this was often a most 
delicate design job, it was, at least in today’s terms, 
a relatively straightforward process. It often in- 
volved many wind tunnel tests and much trial and 
error design, coupled with dynamical considera- 
tions of the aircraft as a whole. Now this same 
fundamental process goes on, but there are impor- 
tant additions. Often an autopilot is added to the 
system as well as a power-driven control system. 
At high speeds, the structural flexibility of the air- 
craft is often an important factor in the dynamics 
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of the control system. All of these elements must 
be considered in a design, and it is usually the 
responsibility of an aeronautical engineer to see 
that they are taken into account, although it is now 
electronic and mechanical engineers who usually 
carry out the detail design. 

The aerodynamicist has enlisted the aid of math- 
ematicians and scientists in solving present prob- 
lems. Aeronautical engineers concerned with flight 
at very high altitude or very high velocity have 
turned to physicists and chemists for fundamental 
data about air under very low pressures or very 
high temperatures. In his need for new basic knowl- 
edge, the aeronautical engineer often finds himself 
making original contributions. 

Aircraft and missile structural engineers have 
raised the technique of designing complex struc- 
tures to a level never considered possible a few 
years ago. Extensive use is made of computing 
machinery as well as sophisticated mathematical 
analysis. The latest advances of metallurgy are in- 
corporated as soon as they are developed. 

These examples show the scope of aeronautical 
engineering. In general, it is no longer a definable 
domain. Rathe*- the aeronautical engineer with his 
broad training is often most usefully engaged in 
coordinating the many different disciplines which 
now enter into the engineering of flight. [j.R.SE.] 

Aeronautical meteorology 

That branch of meteorological study which deals 
with atmospheric effects on the operation of air- 
craft — heavier than air and lighter than air — rock- 
ets, missiles, and projectiles (see Aerology; Na- 
val meteorology ) . Seven major effects are consid- 
ered in this article. 

Low visibility at terminals. Fog, snow, and rain 
prevent landings and take-offs when horizontal visi- 
bility at the sm face falls below regulatory mini- 
mum values for manned aircraft. The minimum is 
generally 800 mevrs (m) in the United States for 
airplanes equipped to operate under standard in- 
strument conditions. Runway visual range (RVR), 
a new operational concept of visibility, is rapidly 
supplanting the use of conventional meteorological 
visibility. It is the distance at which high-intensity 
lights may be observed down the instrument run- 
way in the direction of landing or take-off. The 
RVR minimum for landing has already been re- 
duced to 600 rn at certain airports and is expected 
to be cut down to about 300 m after adequate elec- 
t onic and visual aids have been installed at major 
airports. 

Since RVR is usually appreciably greater than 
meteorological visibility, particularly with fog. 
this is bringing aviation closer to the hitherto 
elusive goal of all-weather flying. It also calls for 
more exacting terminal forecasting requirements. 
Methods to meet these new requirements, currently 
under investigation, include (1) mesoscale and 
microscale synoptic analyses, (2) electronic com- 
puter calculations, and (3) radar observations of 
fog trends. 
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WEATHER MAP TYPES FOR APRIL 



Fig. 1. Severe warm-front thunderstorm situation, 
eastern United States. Hollow or solid circles with 
three initials represent reporting stations, such as 
OMA for Omaha and CHI for Chicago. ( United Air 
Lines ) 

Turbulence, \trno*phf*rir turbulence i- 'Mined 
av an> deviation from ihe normal, stead horizon- 
tal flow of air and occurs in two wavs; sharp-edged 
gusts in the horizontal or vertical, and large-scale 
up- 'td downdrafts which cause aircraft to sink or 
rise more gradually and for longer periods. Ex- 
treme turbulence may render manned aircraft un- 
controllable or even cause structural set or failure. 
The major forms of turbulence are i 1 * mechanical, 
produced by surface friction and flow of air over 
tines en ground surface*; t 2 1 thermal, produced bv 
rising currents set off b> heating of air in mntaet 
with the surface; ( i) thunderstorm, which may be 
extreme; \ t) mountain wave (lee wavel, an organ- 
ized regime of disturbed airflow in the lee ol moun- 
tains or hills, especially when stable air is forced 
over them; and (Si wind shear, occurring in the 
horizontal or vertical along airmass houndar\ sur- 
faces. temperature inversion* (including the tropo- 
pau.se, | . and the jet stream. 

Upper winds and temperature. Since aircraft 
are part of the air current in which they are im- 
bedded, they experience aiding or retarding cffe- »> 
determined by wind direction in relation to the 
course being flown. Wind direction and speed vary 
only moderately from day to day and from winter 
to summer in certain parts of the world, hut fluctua- 
tions at middle and high latitudes in the tropo- 
sphere and lower stratosphere are commonly ex- 
treme. Flight schedules therefore must be based on 
climatological samplings which anticipate that a 
certain percentage ili\ 80% ) of flights will make 
schedule hut that the remainder will suffer some 
degree of wind delay. 


Careful planning of long-rAnge (lights is com- 
pleted with the aid of prognostic upper-air charts. 
These make it possible to select flight trucks and 
cruising altitudes where more favorable winds and 
temperature will result in a lower elupsed flight 
time in spite of added ground distance. This 
planned procedure, known as minimal time track 
(least time Iraek. pressure pattern) (lying, is ca- 
pable of effecting considerable savings in opera- 
tion. The role of the aeronautical meteorologist is 
to provide accurate forecasts of the wind and tem- 
perature field, in space and time, through the oper- 
ational ranges of each aircraft involved. For civil 
jet-powered aircraft, the optimum flight plan must 
always represent a compromise between wind, tem- 
perature. and turbulence conditions. The fastest 
track may be costly in fuel or turbulent for passen- 
gers. 

Jet Stream. A meandering, shifting current ol 
relatively swift windllow is imbedded in the gen- 
eral wester 1\ circulation at upper levels. Sometimes 
girdling the globe at middle and subtropical lull 
tildes where the strongest jets are found, this band 
of strong winds generallv .100 .“>()() kilometer 
I km ,i in w idth has great operational significain e 
for uircratt living at cruising level* of (t IS km It 
is the cause of most serious flight-schedule debiv- 
and may result m unscheduled fuel stops. 

\ verage speed in the core of a well-dev elope.l 
let near the tropopuuse at middle latitudes in win 
ter is close to 100 miles per hour but speeds 
high as 175 miles per hour are fairlv common and 
extreme* have been measured at close to .'100 mile- 
per hour. The iet stream i hallenges the foreca-tn 
and tfie flight planner to utilize the tailwind to the 
utmost downwind and to avoid a THarding head 
wind as far in advance ,i- pr\n ticahle. Srr )ii 

•si Rh\M. 

Tropopause. Tills boundary between tropo 
sphere anti stratosphere is generallv defined in 



Fig. 2. Use of minimal time track in flight planning, 
eastern United States. Solid circles represent weather- 
reporting places, landing places, of both, such as 
CHI for Chicago and BOS for Boston. Plus or minus 
figures in large circles indicate relation of air- t0 
ground-speed fmph) to, be expected in direction of 
flight. ( United Air Lines) 
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terms of points in the vertical airmass soundings 
where the temperature lapse rate becomes less than 
? J C km. It is sometimes defined as a discontinuity 
in the thermal wind shear. Thought by some to oc- 
cur in multiple layers, or overlapping “tropical” 
and “polar” leaves, the tropopause, in the current 
svnoptic, trend, is analyzed as a single unbroken 
surface extending from pole to equator. 

The tropopuuse's significance to aviation arises 
from its frequent association with mild forms of 
clear-air turbulence and change of vertical tem- 
perature gradient with altitude, which has consid- 
erable effect on turbine-engine performance. Trans- 



Fig 3. Heavy snowstorm situation along the United 
States Atlantic coast. Hollow or solid circles represent 
weather-reporting stations, such as HAT for Hatteras 
or LGA for La Guardia Airport, N.Y. ( United Air Lines) 



P'9. 4. Heavy icing situation over the Great lakes in 
the United States. Partly or wholly blackened circles 
are weather stations, as CHI for Chicago or CLE for 
Cleveland. ( United Air Lines) 


continental flights at 10-12 km may penetrate the 
layer several times during one flight. Since turbine- 
engine performance varies with each deviation from 
standard atmosphere conditions (United States 
standard tropopause is — 55.0°C at 10,769 m, ICAO 
standard tropopause is — 56.5°C at 11 km), each 
penetration must he evaluated for engine perform- 
ance and efficiency. The tropopause also marks the 
vertical limit of clouds and storms; however, thun- 
derstorms arc known to punch through the surface 
to heights of 23 km at times, and lenticular clouds of 
strong mountain waves, strongly developed over 
mountains, have been observed at similar heights. 

Lightning strikes. Such strikes or static dis- 
charges. when experienced inside an aircraft, cause 
a blinding flash and usually a muffled explosive 
sound audible above the roar of the engines. Struc- 
tural damage to the craft is commonly limited to 
small molten spots in the outer skin at the point of 
entry or exit, fusing of antenna wires, and small 
punctures in such surfaces as radome, nose, or tail. 
Atmospheric conditions favorable for strikes follow 
a consistent pattern: (1) solid clouds or enough 
clouds for the aircraft to be intermittently on in- 
struments. ( 2 ) active precipitation of an iev char- 
acter, and (3 1 ambient air temperature close to 
0*C. St. Elmo’s fire, radio static, and choppy air 
often precede the strike. Evasive ac tion by the pilot 
usually consists of one or more of the following: 
(1 ) air speed reduc tion. (2) c hange course as indi- 
cated bv radar echoes, or (3) change of altitude. 
Pilots unable to avoid tvpiral strike situations turn 
up cockpit lights and avert their eyes from strike 
flashes to decrease the risk of being blinded. 

Icing. Flight through a subcooled cloud, freez- 
ing rain, or wet snow commonly results in this con- 
dition. Once one of the major hazards of flying, 
icing has been reduced to a minor weather factor 
by effec tive anti-hing and de-icing devices for the 
pi election of critical components of aircraft. Auto- 
matic protection is also provided for high-speed jet 
aircraft by the compressional heating effect upon 
airfoils. lev or deeply snow-covered airport run- 
ways offer operational problems for aviation hut 
these factors are being reduced in importance 
through the use of modern snow-removal methods 
at major airports. [h.t.h.] 

Aeronautics 

The principles underlying flight through the air. 
In the early years of flight, the term aeronautics 
r, ^rred to the art of opeiating aircraft of all sorts, 
and included the design of aircraft, which is now 
usuallv included as part of aeronautical engineer- 
ing. and the actual flying of aircraft, as in the term 
aeronaut. However, as the term aeronautical engi- 
neering bec ame more widespread, another word 
was sought to describe the basic scientific knowl- 
edge which underlies aeronautical engineering. 
Aeronautics was adopted to fit this need as being 
less restrictive than aerodynamics. Thus, for ex- 
ample, the theories of air flow about airfoils and 
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wings may he categorized as aeronautics, although 
the application of those principles in developing a 
particular design is more precisely an engineering 
accomplishment. Because of the complexities of 
present-day aeronautical engineering achievements, 
the distinction between these fields is that of fun- 
damentals \ersus application, rather than degree 
of sophistication. 

A modern aeronautics curriculum includes clas- 
sical fluid mechanics (the study of the flow of in- 
viscid fluids) incorporating high speed effects of 
compressibility and shock waves, and the theories 
of viscous boundary lavers (along surfaces) and 
the associated skin friction and heat transfer. The 
latter then requires a studv of thermodynamics and 
the structure of gases from both a macroscopic 
and molecular point of view. These subjects over- 
lap hroadlv with portion- of phy-icul chemistry, 
and all require a strong mathematical treatment. 
Other subjects included in aeronautics are aero- 
thermodynamics, airfoil and wing theory, ptopeller 
theory, compressor and turbine atutlvses, gas dy- 
namics, kinetic theory of gases, hvdrody namic*. jet 
propulsion, and the theory of structures. .See \ih- 
onm rn \i. k m.i n K hRiM. : A^rnoNAims. 

jj. It. SHLVRsI 

Aeronomy 

The genphy *ical orient e dealing with the phy-ies 
and chemi-trv of the upper atmosphere. The region 
of space constituting the domain of aeronomv ex- 
tends from about 30 mile- to about .30,000 mile- 
above ilie surface of the earth. The lower houndarv 
of • \i* region coincides with the lowc*t altitude 
of the ionosphere and the upper boundary coin- 
cide- with the highest altitude of tin- magneto- 
sphere. the region in which the earth - magnet it' 
field is important. 

Upper-atmosphere structure. The den-itv and 
pressure of the atmosphere dee lease monotonic all v 
with increasing altitude, the rate of dec rea-e be- 
ing approximately exponential. The temperature, 
however, varies in an irregular manner with alti- 
tude. Starting at the -urface of the earth, where 
the temperature i.- of the order of 290 K. the tem- 
perature dec rease- to a value of about 210 C K at an 
altitude of about 1.3 km, the top of the tropo-pheie. 
then increase- to about 270° k at an altitude of 
about 30 km, the top of the strato-phere. It then 
decreases to a value of about iROK at an altitude 
of about 8.*> km. the lop of the mesosphere, increases 
fairly rapidly to about lSOO'K at an altitude of 
about 500 km, then remains essentially constant 
with altitude. Ibis irregular variation of tempera- 
ture is due to the various beat sources and heat 
sinks present in the upper atmo-phere. The struc- 
ture of the upper atmosphere shows marked varia- 
tion- with solar activity. The density of the upper 
atmosphere shows a diurnal variation, an 11-year 
solar cycJe variation, a 27-day variation correspond- 
ing to the solar rotation period, annual and semi- 
annual variations, and strong variations during 


intense magnetic storms. AH these variations are 
attributed to the electromagnetic and corpuscular 
radiations from the sun. See Atmosi*hkkk; Cos- 
mic iiays. 

Ionospheric structure. The ionosphere is di- 
vided into three main regions called the I). E, and 
F regions. The F region is further subdivided into 
the Fi and F 2 regions. The I) region extend* 
from about 50 km to about 90 km. the E region 
from about 90 km to about 1.30 km, the Fi re- 
gion from about 1.30 km to about 170 km, and the 
Fj region from about 170 km to about 1000 km. 

I he electron density in the* 1) legion increases 
from about 100 elections cc at 50 km to about 
10.000 electrons cc at 90 km. At night the* elec- 
tron density drop- hv -cveral order* of magnitude. 
In the F region there i* a peak in elec tron coiieen 
trillion at an altitude* of about 110 km of about 
10 electron- cc in tin* daytime* and about 10‘ 
electron* cc at night. The peak electron conccti- 
tiation in the F region occur* at about .300 km. 
with a value ot about 1 0' 1 electrons cc in the day 
time and about 10 ‘ electron* cc at night. The* p|er- 
Iron den-ilv in the* I) region inciea*e* |»v an order 
ot magnitude dining -olur flaic-. In tin* E region, 
be-idf * the* noirnal ionization, there often nccui- 
ionization of an anomalous chaiaclci called “*p o 
radic E. In the* V lenion there* often occui* an 
anomalou* ionization condition culled '‘-piead F.“ 
whic h i- attributed to ionization ii tegularilic*-. 

Atmospheric composition. From giound level 
up to about 90 km. the* piineipul constituent* of the 
atnio-pbeie ate moleeijlar niliogen and tnoleculai 
oxvgen In addition, there are minor constituent* 
suc h as carbon dioxide*, water vapor, o/nne, nilrn 
oxide, argon, neon, sodium. utomut n\y gen, helium 
and hvdrogen. \t an altitude o| about 90 km t lie 
di-sniialinn of molec ular owgen into atomic n\v 
gen by -olar ultiav inlet radiation- begin- to incut. 
\t higher altitude*- there* i- metre and more* j-s< » 
ciation. until at about 500 km praeticallv all the- 
tnoleciilar oxygen has been dissociated into atomic 
oxygen. Besides dissociation, the process of mold ii 
lat diffusion become- important at an altitude* o! 
about 100 km. I hi* cause* the lighter ga*c* t<» 
concentrate at higher altitudes and the heavier 
one* at lower altitude*. Thu* at the higher alii 
lode* atomic* oxygen predominate* over mcdeculai 
nitrogen. At *till higher altitude* the light gases 
helium and hydrogen, which arc minor constituents 
at lower altitudes, predominate, and at still higlieM 
altitude* the lightest ga*. hydrogen, predominate* 
over all other gases. See At MoM’imuc. fttiv* 
is i ky. 

Ionic Composition. In the 1) region of the iono- 
sphere the principal ions are ()/ and N0‘. There 
are also minor constituents such as 0H\ NV- 

Na\ Mg', Ca\ and heavier ions *uch as Fe‘. In 
the F region the principal ions are NO* and O'. 
In the F region the principal ion is 0\ Above the 
F region there is a region in which the light ion 
He* predominates. At higher altitude* the lightest 
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ion. or in other words, the proton, predominates. 
Accompanying these positive ions there is un equal 
niimher of electrons, with the result that the 
ionosphere as u whole is electrically neutral. .See 
loNosiMiKiu:. 

Ultraviolet and X-radiations. The energy con- 
tained in the solar ultraviolet and x-radiations in 
the wave length region of 1 to 1800 angstroms is 
about 40 ergs cm-'/see. This is only about 10 ’ 
of the total solar electromagnet ie energy impinging 
upon the earth. However, this very small fraction 
has very large effec ts on the properties of the upper 
atmosphere because of the dissociation, excitation, 
and ionization of the atom* and molec ules of the 
upper atmosphere which it produces. Variations 
in the ultraviolet radiations are slight, hut it is 
known that the x-ray inteii'dtv varies by an older 
ni magnitude during the ll-vear solar cycle and 
that it varies hv one or more coders of magnitude 
dm ing soldi flares. 

Upper-atmosphere reactions. Aernnmnv in. 

< hides the study of the reac tions in the upper at- 
mosphere among the vaiioiis photons, ions, atoms, 
and molecules. Among the ion produc tion processes 
considered arc* (ll photoioui/.ution, (2) plicilode- 
tarlwnent. and till collisjonal detachment. Among 
tin* ioti or election removal processes corisidc*ml 
arc* ill radiative attachment. 1 2 1 three-boclv at- 
tachment. (.11 ,il:.iihn»n» to neutral molecule*, 
ill radiative recombination. (5) dissociative re- 
combination. I (» I three-bodv recombination, and 
l7l ion-ion recombination. Other reactions also 
considered arc il) charge* translcr. (2 1 ion-atom 
interchange, and (ill ion-molceule reactions. 

Aurora and airglow. Some of the reactions that 
occur in the upper atmosphere result in the emis- 
sion ot radiations. Tim airglow radiations arc rela- 
tivelv wc*ak and occur throughout the atmospheie. 
The auroral radiations are relatively strong, with 
equal intensitv lines |>c*ing approximately circles 
about the magnetic; axis points. In the nmthern 
hemisphere the maximum occurrence of auroras is 
•it about ' geomagnetic* latitude. The airglow is 
caused primarily In reactions occurring in the 
upper atmosphere such as pholoexcitation. photo- 
ioni/ation. and various recombination processes. 
Auroras are caused primarily by incoming solar 
protons. The incidence of auroras varies with the 
linear solar cycle, the peak auroral activity oc- 
curring about tw*o years after the maximum in the 
"Utispot number. .See AlHcaow; At kora. 

Corpuscular radiations. The c orpuscular radia- 
tions present in the earth's atmosphere may he 
divided into three categories: (1) cosmic rays. 
12 1 solar particles, and (3) trapped particles, or 
^ an Allen purtieles. Cosmic rays are the most 
eneigctie particles in the atmosphere, consisting 
primarily of protons with energies from about 10 s 
electron-volt a to as high as UP’ electron-volts. 
Ihesr particles originate outside the solar system, 
presumably within our galaxy, hut they are affected 
hy conditions on the sun. The solar particles are 


primarily protons and electrons ranging in energy 
from very low values- -a few hundred to a few thou- 
sand electron-volts in the “solar wind” — to energies 
as high as 10"* electron-volts as found in solar 
flare particles. There is always a time delay be- 
tween the onset of a flare and the arrival of solar 
particles at the earth, the time varying from a 
few minutes to several hours, depending on the 
energy of the particle*. Van Allen particles are 
principally protons and elec trons trapped in the 
earth’* magnetic* field. The energies of the trapped 
electrons vary from about 10 1 electron-volts to 
about I O'* electron-volts, with the flux decreasing 
at the* high energies. The energies of the trapped 
proton* vary from about 10 ; electron-volts to about" 
If) 5 ' electron-volts, the particle flux again decreas- 
ing at the* high energies. See Van Ai.i.kn radia- 
iion. 

Geomagnetism. The magnetic field of the earth 
extend* from the surface of the earth out to about 
30.000 miles. It is due to sources of magnetization 
in the interior of the earth. It i* similar to a field 
that would he produced by a magnetic dipole at 
the center of the earth. It diminishes as the in- 
verse* cube of the distance from the center of the 
earth. There are various types of variations in the 
geomagnetic field. There are very slow* variations, 
extending over periods of years, believed to be 
due to changes in tin* sources of magnetization 
within the* earth. There i* a solar diurnal varia- 
tion in tin* geomagnetic field, a small lunar diur- 
nal variation, an ll-vear solar-cycle variation, and 
large* variation* associated with solar flares. All 
1 1 e*e variation* are believed to he due to proces- 
ses ot i lining outside the eaith. Most important 
aie c ui rents flowing in the* ionosphere. There may 
al*o he ring current* at several earth radii and 
hvdiomagnetic wave* traveling through the iono- 
sphere which mav have an effect on the geomagne- 
tic field. The }i»*|<i i* compressed in a direction 
toward the sun and extended in a direction away 
from the *un. because of the sedar wind. See 
(■I.OMAOM TIC Si OHM : CiKOM AGNKTISM. 

| f. srKHcasl 
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Aerosol 

\ colloidal system composed of particles in a liq- 
uid or solid phase dispersed in a third or gaseous 
phase. The gaseous medium is usually, hut not al- 
wav*. air. Smokes and dusts consist of solid parti- 
cles dispersed in a gaseous medium, whereas in 
fog. mist, and cloud the dispersed phase is liquid. 
The upper limit to the size of particles is com- 
monly set at 1 ii (mic ron). Thus. haze, most smoke, 
and some clouds may be regarded as aerosols, but 
the term should not be applied to ordinary clouds 
whose large drops prevent colloidal stability. Be- 
low 1 /< diameter, cloud particles will behave as a 
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smoke, and it will not be obvious to immediate in- 
spection whether the particles are solid or liquid. 
Even though the ambient temperature is below the 
melting point of the solid, the particles composing 
the aerosol may remain liquid because of super- 
cooling. This is because there is no contact between 
particles so that an occasional spontaneous crystal- 
lization does not propagate through the mass. Most 
of the clouds in the atmosphere are composed of 
liquid. The bulk density of an aerosol cloud usually 
will not differ appreciably from the surrounding 
atmosphere because of the low particle concentra- 
tion (see Colloid!. For particle-size ranges of 
common aerosols, dusts, and fumes and methods of 
size analysis, see Particle properties. 

Formation of aerosols. The normal method of 
producing an aerosol is by condensing a vapor. Be- 
cause the vapor must be supersaturated, it normally 
must have been heated previously. This happens 
when smoke is formed by combustion. On the other 
hand, the cooling of the atmosphere bv adiahatic 
expansion will bring about the condition of *uper- 
saturation. This happens when cumulus clouds are 
formed in convection currents in the atmosphere. 
The droplets are formed by condensation on nuclei 
which are present in the atmosphere in large num- 
bers. The nature of these nuclei is not known, but 
they may be particles of dust or salt, or ions. If the 
degree of supersaturation is sufficiently high, spon- 
taneous condensation occurs to produce a very 
dense aerosol of nearly uniform particle size. This 
is the technique employed in the generation of 
screening smoke with an oil generator. A liquid or 
finely divided solid may be dispersed by gas under 
pressure by use of an aspirator nozzle. This is not 
a very efficient method of producing an aerosol, but 
it is a practical method of dispersing and precipi- 
tating an insecticide of low volatility in an infested 
area. See Cloud physics; Smoke. 

One of the examples of aerosol formation which 
is due at least partially to natural causes is the 
industrial fog termed smog. This consists partially 
at least of products of comhustion which condense 
on naturally occurring nuclei, but the process is 
complicated by secondary reaction of hydrocarbons 
with oxygen and oxides of nitrogen in the presence 
of sunlight. One of these reactions involves poly- 
merization and condensation to produce particles of 
small size. This smog is particularly troublesome 
under the atmospheric conditions prevailing in the 
Las Angeles area, hut it is becoming prevalent in 
other metropolitan areas, also. See Foe; Smog; see 
also Bioclimatology. 

Stability. There is a limitation on the size of par- 
ticle which may constitute an aerosol. Particles be- 
tween 0.1*p and 50-/1 radius fall under the force 
of gravity according to Stokes' law 

9 V 

where V is the terminal velocity acquired in a frac- 
tion of a second, r is the radius, p is the density 


of the particle, q the viscosity of the gas in which 
the particle is suspended. For example, a particle 
of l-/i diameter and with a density of unity will 
fall at a rate 0.003 cm/sec. Aerosols of large par- 
ticle size are unstable and settle very rapidly. 

Diffusion and coagulation. Particles of 1-/a di- 
ameter or less exhibit the Brownian motion which 
is completely unordered or random motion result- 
ing in the diffusion of aerosols. The rate of diffu- 
sion is inversely proportional to the diameter of 
particle. If a particle comes in contact with a solid 
surface, it will adhere because of Van der Waals 
forces and other forces perhaps of an electrical na- 
ture. Very large particles rnay require a sticky sur- 
face. but small particles will remain in contact. If 
there is a temperature gradient so that the surface 
is relatively cold, the particles are driven into con- 
tact at an accelerated rate. This is known as ther- 
mal diffusion ; an example may he seen on the walls 
of dwellings where soot deposits on cold spots. 

Because of this tendency to adhere, particles of 
an aerosol tend to increase in size and to decrease 
in number following collisions with each other as 
u result of Brownian motion. Large particles exhibit 
so little Brownian movement that all collisions are 
a result of gravity fall. In any case, the rate of 
coagulation will be very slow unless the concentra- 
tion is very high, >10 7 particles per cubic centi- 
meter. Coagulation follows the laws of a biniolecu 
lar reaction. .See Brownian movement; Van der 
Waals equation. 

Optical and electrical properties. The individ- 
ual particles of an aerosol ordinarily are not visi- 
ble. but a cloud will, if of sufficient density, become 
apparent by the obscuration of light. The scattering 
of light by transparent particles is dftectly propor- 
tional to the sixth power of the radius, and in- 
versely proportional to the fourth power of the 
wavelength. Because blue light is scattered more 
readily than red light, smokes often appear blue in 
color. Because of the scattering and dispersing of 
light, transparent particles have a greater obscur- 
ing power than opaque particles. The maximum ob- 
scuring power for a given amount of liquid dis- 
persed as aerosol will be obtained when the drop 
size is roughly comparable to the wavelength of the 
light to be obscured. See Meteorological optics. 

Ordinarily, aerosols are not charged electrically. 
Under some conditions, clouds become charged by 
induction in the atmosphere, and as « result of co- 
agulation, the charge builds up to a high potential, 
giving rise to the phenomenon of lightning. 

Aerosols in the atmosphere. Dual particles of 
small diameter would remain in suspension indefi- 
nitely were it not for their removal as drops of 
moisture condense on them or coagulate with them. 
A particle of l-/i diameter would fall at a rate of 
only about 1 km per year. If the particle were 
above the tropopause where precipitation does not 
occur, it would remain indefinitely except for such 
convection as occurs in the atmosphere itself. The 
mechanism by which drops of water grow to suffi- 
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Hent size to fall out as rain is obscure. Small drops 
have a higher vapor pressure than large drops, but 
the growth of large drops by distillation is a slow 
process. The moisture content of clouds is usually 
not more than 0.1 g/m s . Coagulation of the small 
drops must result from collisions caused by move- 
ment as calculated from Stokes’ law. See Atmos- 
pheric chemistry; Atmospheric pollution; 
Dusi storm; see also Radioactive fallout; 
Tropopause. 

Filtration of aerosols. Aerosols may be precipi- 
tated by the use of strong electric fields. However, 
they are removed most easily by filtration. An aer- 
osol filter is composed of a loosely aggregated pad 
of fibers. In order to offer little resistance to flow, 
the fibers must be of small diameter and loosely 
packed. The fiber diameter needs to be small com- 
pared to the particle size and the mesh large com- 
pared to the particle size. There is no screening ac- 
tion. but the particles are caught by accidental col- 
lision with the fibers where they are held by the 
natural forces (Van der Waals or other electrical 
forces). There is some reason to believe that 
smaller particles are more difficult to remove by 
filtration, but it is not known where the curve ob- 
tained by plotting depth of penetration against par- 
iirle size reaches a maximum. See Air pollution 
(ontrol; Dust and mist collection; Electro- 
static PRKCIPATOH. fw.H.RO.] 

Bibliography ; C. E. Junge, Atmospheric Chemis- 
try. in H. E. Landsberg and J. Van Mieghem 
leds. ), Advances in Geophysics , vol. 4. 1958; J. P. 
Lodge. Jr.. Air pollution. Anal. Chem ., 33(5) :3R- 
13R. 1961; U.S. National Defense Research Com- 
mittee, Handbook on Aerosols , 1950. 

Aerostat 

A vehicle which utilizes the buoyant force of the air 
av a lifting medium to sustain flight in the atmos- 
phere. Aerostatics is the science concerned with 
the equilibrium of gaseous fluids and of solid 
bodies immersed in them. The subject has been 
rigorously studied; the general values presented in 
this article indicate the magnitude of the problems 
involved. 

The following laws govern aerostatics. Archi- 
medes* principle states that the buoyant force 
exerted upon a body immersed in a fluid is equal to 
the weight of the fluid displaced (see Archi- 
medes* principle). Boyle’s law states that, at con- 
stant temperature, the volume of a gas varies in- 
versely as the pressure (see Boyle’s law). Charles* 
law is similar but for constant pressure; the volume 

a 8 a » varies directly as the absolute temperature 
(see Charles* law). Dalton’s law deals with the 
pressure of a mixture of several gases in a given 
space; their total pressure equals the sum of the 
pressures which each gas would exert by itself if 
j'onfined in that space (see Dalton’s law). Joule’s 
law states that gases in the process of expanding 
do no interior work (see Joule's law). Pascal’s 
aw deals with the fluid pressure due to external 
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pressure on the walls of a containing vessel; this 
pressure is the same at all points throughout the 
fluid. See Pascal’s law. 

To determine the amount of buoyancy or buoyant 
force that a gas will produce, it is necessary to 
know the density of the air in which it is operating 
and the density of the gas. The difference between 
thet^e weights is the buoyant force. The most com- 
mon lifting gases compared with air at 32°F and 
29.921 in. Hg pressure are shown in Table 1. 

The height which a balloon or airship can attain 
by its huoyancy alone is known as its pressure 
height and it is that altitude at which the balloon or 
gas, bags are taut or at which the ballonets are 
completely deflated (ballonets are variable-volume 
compartments inside the vehicle used to control 
gas pressure i.: the envelope). If an airship is in 
equilibrium at this point, with the weight equal to 
the buoyant lift available, then further rise in 
altitude will result in the need to valve gas and 
the vehicle will become heavy. 

The variation o£ air density with altitude for a 
standard day can be obtained from Table 2. 

To retain a constant buoyancy with change of 
altitude it is necessary to permit the density, and 
therefore the volume, of the gas to change. For this 


Table 1. Common lifting gases used 
in llghter-than-alr craft 


Goa 

Specific weight, 
Ib/ft* 

Lift of pure dry 
gas in air, 
lb/1000 ft 1 

Hydrogen 

0.005610 

75.110 

Helium 

0.011143 

69.577 

Coal gas 

0.02580-0.05970 

54.92-21.02 

Natural gas 

0.05250 

28.22 
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Table 2. Decrease in air density with altitude 
tar standard day 


Altitude, 

ft 

Air density, 
lb. ft* 

Attitude, 

ft 

Air density, 
lb, ft* 

0 

0.0765 (50“K) 

80,000 

0.00277 

10,000 

0.0564 

00.000 

0.001676 

20,000 

0.0407 

100,000 

0 001023 

30.000 

0.0286 

110,000 

0.000637 

40,000 

0.0188 

120,000 

0.000404 

50.000 

0.01165 

130,000 

0.000260 

60,000 

0.00722 

140,000 

0.000170 

70.000 

0.00447 

150,000 

0.000113 


reason, high-altitude balloons are only partially 
filled lx* fore they reach maximum altitude, sound- 
ing balloons vary in size with altitude, and pres- 
sure-type airships use air-filled ballonets to control 
envelope pressure below pressure height. Sec Ant 
pressure ; Airship; Balloon; Bump; Dirigible. 

[k.ar.; M.S.R.j 

Aerostatics 

The science of the equilibrium of gases and of solid 


are assumed constant. Because the fluid properties 
are dependent upon the gas temperature and com- 
position, flow systems in which high temperatures 
or variable gas composition are encountered re- 
quire a more complex treatment of the thermody. 
namics. These are aerotherinodyriarnic problems 
Two problems of particular importance require 
aerothermody namic considerations : combustion, 
and high-speed flight (for example, are Hyper- 
sonic flight 1 . Combustion flow systems evolv<- 
high temperatures and \ariahle gas composition 
due to the chemical reactions. Because of the com- 
bustion and. in some cases, dissociation, the*e *v*. 
teins are sometime* claw'd under aernthermn- 
chemistrv. In high-speed flight, the kinetic energ\ 
is converted into compression work on the g ;K 
which results in high gas temperatures. The 
temperature may become high enough to cdiiv 
dissociation and ionization ; thus, the gas is diem 
ically active and electricallv conducting. To <jc 
scribe aerothermody namic* more *pecificu)lv. fl ,JU 
cussion of three problems i* given in the following 
section*. 


bodies immersed in them when under the influence 
only of natural gravitational forces. Aerostatics is 
concerned with the balance between the weight of 
the gases and the weight of any object within them. 
Archimedes’ law that an immersed bodv experi- 
ences a buoyancy force equal to the weight of the 
fluid displaced i* the principal law of aerostatics, 
if tb fluid is air, or of hydrostatics, if the fluid is 
water. Some phases of meteorology and the flight 
of balloons and dirigibles are based on aerostatics. 
In meteorology, cloud and fog subsidence and 
simple pressure and temperature relations with 
altitude are predicted from aerostatic principle*. 

Strictly speaking, the air and the immersed bodv 
must Ik; at rest for aerostatic principles to apply, 
blit there are many problems where aerostatic 
forces essentially govern despite some movement. 
A convenient example of this is given by the motion 
of a dirigible through the air. Aerodynamic force 
(drag* limits the speed which the dirigible can 
achieve, yet the aero-static forces essentially sup- 
port the vehicle. This contrasts with the airplane 
where aerodynamic forces provide both the lift and 
the drag. Another example is given by the atmos- 
phere where the pressure and density relations are 
determined to a first order by aerostatics, although 
some motion of the atmosphere takes place through 
winds and turbulence. .See Fluid statics; Hydro- 
mT,CS * [J.R.SL.] 

Aerotherroodynamics 

The flow of gases in which heat exchanges pn>duce 
a significant effect on the flow. Traditionally, aer- 
"dynamic* treats the flow of gases, usually air. in 
which the thermodynamic state is not far different 
from standard sea level atmospheric condition*. In 
such « rase, the pressure, temperature, and density 
are related by the simple perfert-ga* equation of 
state and the rest of the gas properties, suc h as 
specific heats, viscosity, and thermal conductivity 


Internal flow. Fluid flow nun be claw hc<| U rnb r 
two type*, laminar and turbulent. In lamin.ii fl,,*. 
each of the si rra inline** or panicle* of fluid mow. 
substantially parallel to llo* flow of the main bodv 
of the fluid. In turbulent flow, the streamline* „* 
the fluid have irregular motion and velocity (Imtw.j 
lion* that have component* perpendicular a- \w ll 
a* parallel to the flow ol the fluid. The prrdnmm.iM 
characteri-tic of turbulent flow i* the prrsriwc 
main vortice*or eddie*. 

When fluid move* along a -urfgce. the stir.uj. 
lines nr particles of fluid flow adjacent to the w.il! 

• are retarded hv friction. This (aver ol retarded 
flow i* known a*- the boundaiv laver. The it\ 
gradient across the Iwmndan laver is large. 

In internal flow the ga* is « on fined b\ dm! 
walls. Aerothermody namu efb** I- air < atj-cd either 
by gases *iich a* air at high temperature*, or h\ 
combustion. High temperature internal ga* flow <- 
largely confined to laboratory equipment tt-ed m 
simulate flight condition* for model le*tin^ 
Hocket, ramjet, and turbojet engines involve miii:- 
bust ion [>r«H'e**e* in which aerothermody nunnr w 
feits are important. 

Hie shm k tube and its modification* are lab** 
ratorv facilities in which aerolhermodvnami< ef- 
fects are important. Basically t|ie shock tube i- »» 
long pifK*. divided by a diaphragm into two cum 
partrnent* and closed at both ettgl*. (#a*es at difler 
ent pressures are placed in the tpro section* of pip». 
the diaphragm i* ruptured, and* shock wave pn*|i- 
agate* into the quiescent low- pressure ga*. The p* 
behind the shock is compressed and heated to a 
high temperature. A velocity isi induced in the git 1 ' 
behind the *hock. This region if high-velocifv ami 
high-temperature air can be used to simulate high- 
speed flight condition*. The radiation from the h«»t 
gaa, chemical kinetic*, heat transfer to *in«pb' 
aha pe*, and force* on simple ahape* all ran I* 
studied by this technique. 



For I he usual propulsion units used in various 
vehicles that rely on ambient air as a source of oxy- 
^en and as a working fluid, the free-stream tube of 
air entering an inlet has to be decelerated to a low 
subsonic value ahead of the entrance to the com- 
bustion system. In practical applications, the de- 
celeration of a supersonic stream (flow traveling 
(aster than the local speed of sound ) i*- not possi- 
ble without the formation of discontinuities, or 
»)iock waves. The formation of shock waves in a 
stream always results in ari increase in entropy; 
that is. the available energy in the stream is dimin- 
ished as the flow proceed" across the shock wave. 
Sec St PKHSONH Dim s|\K. 

The deceleration to subsonic speed of the super- 
sonic air stream entering the inlet before entering 
the propulsion unit is done most efficient !\ h\ an 
oblique shock diffuser. Oblique shock diffusers 
have a shock- wave s\*tem c onsisting of one or more 
oblique shock wuvrs followed bv one normal 
shock w'ave. The oblique shocks are produced bv a 
rone or wedge. The Mach number following a nor- 
mal shock wave is alwavs subsonic. As the up- 
stream M ach number increases, the subsonic Mach 
number following the normal shock decreases. 

In combustion engines. acroihcrinodvniimic ef 
terts are important in respec t*- \ srr M vkh- 

iiMfo.HU. First there i- the diffusion and mixing 
jiniiess of the fuel and oxidizer. In some cases the 
iticl i- introduced in licpiid form, as in licpiid pro- 
jM-llant roc krt engines, combustors ot ramjet and 
lurhojet engines, and afterburners. In suc h cases 
■ ) t r process in\cd\es the breakup «•< the fuel spra\, 
evaporation cd the licpiid drops, and mixing of the 
! >iel and oxidize r. 

In the combustion process it f . the eliemic al ie- 
ctimis art* complex. and the turbulence level is 
high. One important problem is to stabilize the 

lldllie ( see OiMBI s|H»\ H CXI M ».A*CHhM t N I I . Tile 
high tc'mpeialiire produc ts of combustion are ex- 
funded |o do useful work. 1 he expansion is either 
m a turbine or in a nozzle i.vrr 11 hium.; Kvw- 
IH. Kim KM k*UNt. I. Ill a turbine the preddem 
i- twofold: the analysis of flow over airfoils in 
cascade (srr Trntuxr», and heat transfer to the 
Mibine blade*. The flow is usualh treated bv ideal 
pas techniques with little consideration given to 
r» nl ga* effects. Be* au*e the turbine blades are 
•instantly exposed to the hot < oinhuvlion gases, 
•bsigu effort in directed toward developing mate- 
rials which withstand higher temperatures, and 
"ax* of cooling the turbine blade*. 

In the nozzle, the highdem pent! lire and high- 
picture products of combust ion are expanded to a 
high veicM'ity the temperature and pressure de- 
ircasc*. The flow i* complicated by the complex 
( h«*miral < om posit ion of the gas, The efficiency of 
! 10 n,4/7 ^ depend* upon it* contour, losses due to 
lf * af ,n »n*fer to the wall, incomplete combustion. 
n, ‘nc*qiiilihri um thermal and chemical states, flow 
^paraiinn. shock wave*, and turbulence. Heat 
ranker to the nozzle wall* h important because of 
1 K ( nni on the structural integrity of the wall*. 
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Other losses can he reduced by proper nozzle de- 
*ign. 

External flow. Aerothermodynamic effect* in the 
external flow about bodies occ ur in high supersonic 
or in hypersonic flight. Any real body has a finite 
radius of curvature at the leading edge or nose. 
This results in a bow shoc k which is detached and 
nearly normal. The air between the normal shock 
and the body is compressed to a high temperature. 
This compressed region is the primary source of 
high-temperature gas in the external flow about a 
body which reejuires aerothermodynamir consider- 
ations. For the purpose of discussion and analysis, 
the external flow field about a body is divided into 
three regions: the external flow, the boundary 
laver. and the wake or jet. 

The compression and the temperature rise which 
a gas experiences as it passes through the bow 
shock both increase with the Mach number and 
shock -wave angle. The high-temperature gas trans- 
fers heat through the boundary layer to the body, 
r lie heat transfer is severe in the stagnation region 
of a nose, arid on the leading edge of a wing, not 
onl\ because the gas pressure i* maximum but also 
be ■c ause the boundary layer has a minimum thick- 
ness in Mich region* I .see \n*K com;!. The wake is 
a separation region near the aft portion of a body. 

1 he i**l i- a region of hot combustion products from 
an engine. In the design of a vehicle, information 
obtained from the solution of the external flow 
field is required for structural design in the form 
of the applied forces and the heat input, guidance 
and control in the form of applied forces, and com- 
munication and detection in the form of electro- 
magnetic disturbances created bv the body. The 
applied forces are ljsuallv determined bv solving 
the aerodv namics prohb m for an ideal gas and cur- 
re* ting for real ga- effects. The heat transfer is 
h,'is|c.tll\ a houndaty layer problem. 

At high trm|>eraturps. the gas emits electromag- 
netic radiation. Although this adds to the heat 
transfer, more importantly it is a source of electro- 
magnetic m*is<\ This noise can form the basis of a 
detection system. Further, it can have an adverse 
effect on communication with the vehicle. Al suffi- 
cient Iv high temperatures, the ga« ionizes, bringing 
into plav the )Uts>ihility of electromagnetic forces 
in addition to the radiation (srr Mac.nf.’TOHXDRO- 
DVNXMICS). 

Aerodynamic heating. Aerodynamic heating is 
a s* i ere problem at high flight speeds and at all al- 
titudes where air forms a continuum; that is. at 
altitudes up to approximately the level where the 
mean free path is the same order of magnitude as 
the vehicle nose diameter. Such an altitude might 
lie about 350.000 ft for a body nose having a diam- 
eter of about 1 ft. for example. 

An investigation of the aerodvnamic heating on 
a missile, an airplane, a space vehicle, or other fly- 
ing object requires detailed information about the 
altitude, velocity, and anglr-of-attack profiles of 
the vehicle. For most supersonic airplanes, the aer- 
odynamic heating can he estimated by using the 
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cruise-design condition. The skin temperature gen- 
erally will reach a steady state, and thermal design 
will be based on the fixed-equilibrium skin temper- 
ature where the heat input equals the heat trans- 
ferred out. For a missile this is no longer true; the 
skin temperature generally wilt not reach steady 
state, because of short flight time and rapid accel- 
eration and deceleration. This transient phenome- 
non complicates the temperature analysis. For a 
reentry space-glide vehicle, the skin temperature 
in most cases will reach equilibrium state, hut the 
equilibrium skin temperature mav change with 
time because of changes in altitude, speed, and an- 
gle of attack. 

The reentry characteristics for space vehicles 
(both skip and glide ) and for ballistic missiles dif- 
fer in both duration and in maximum heating 
rates. The duration is greater for the space vehicle, 
while the maximum heating rate is greater for the 
ballistic missile, because of its steeper reentr\ 
path. For this reason, methods of heating analysis 
and of thermal protection for each are significant In- 
different. For the spare vehicle, the severity of 
heating can be reduced by trajectory selection, 
configuration design, and radiation cooling. For 
the ballistic missile, ablation, heat sink, shock gen- 
eration. transpiration, film cooling, and magnetic 
cooling, or a combination of these, have been *ug- 
gested. Bluntness of nose alone cannot completed 
relieve the structural heating for a ballistic missile. 

In aerodynamic heating analysis, knowledge of 
the fluid properties of the gas such as composition, 
thermal and transport properties, reaction rates, 
relaxation times, and radiation characteristic* 
within the fluid around the hypersonic vehicle is 
required for accurate estimates. Under standard 
conditions, air is composed largely of diatomic 
molecules. Rotation is possible only about two axes 
perpendicular to the line joining the centers of the 
two atoms. The motions of translation and rotation 
are excited at room temperature. As the tempera- 
ture of air is increased, vibration begins to set in. 
The amplitude of the vibrations increases as tem- 
perature increases, until eventually the bond is 
broken altogether. The molecule is then said to 
be dissociated. Still higher energy levels are ex- 
cited a» the temperature increases further; even- 
tually electrons are separated from their parent 
atoms as the gas becomes ionized. [s.Y.r:.] 

Bibliography : A. H. Shapiro. The Dynamics and 
Thermodynamics of Compressible Fluid Flow , vols. 
i and 2, 1953-1954; Hypersonic Aerodynamics Is- 
sue, Jet Propulsion , vol. 26(4}, 1956; Hyperveloc- 
ity Flight Issue, Jet Propulsion , vol. 27(11 1, 1957. 

Africa 

A continent with an area of 11,700,000 square 
miles, Africa is the second largest continent, ex- 
ceeded in size only by Eurasia. Despite its great 
area, Africa is a relatively simple land mass in 
terms of its climatic and vegetational distributions, 
its geological structure, the shape of its outline, 
and the distribution of its surface features. In part 


this apparent simplicity is the result of its lati- 
tudinal extent which is almost exactly bisected by 
the Equator, and in part the result of its long deg- 
radational history, inasmuch as the greater part 
of the continent has stood as a land mass of crystal- 
line rocks since Precambrian times. As a result of 
this remarkable tectonic stability, most of the 
continent has an elevated rolling plateau surface 
alternating between broad swells where the ancient 
rocks crop out and wide basins filled with conti- 
nental sediments derived from the marginal swells. 
Because of the rolling surface and the central 
position of the Equator. Afric a displays a notable 
symmetry in the distribution of climatic types and 
vegetational categories at equal latitudes north and 
south of the Equator. 

CLIMATE AND VEGETATION 

The character of the c limates of Africa depend* 
more upon rainfall than upon temperature. Becuu*e 
every part of the continent receive* strong insola- 
tion throughout the year, and no part of Africu i- 
subjected to the inva*ion of cold rout incut ul air 
masse* from higher latitudes, frost i* unknown 
except in limited areas of extremelv high altitude 
or places so dry that nighttime radiation i* \cr\ 
intense. It is at the*e same drv places that the vrn 
highest davtirne temperature* occur. The tempera 
turc of 136.4° F at Azizia. Tripoli, is cited hv *onic 
authorities a* the world’* extreme a* measure. j 
tinder standard procedure*. Nevertheless, tempera- 
tures are virtually everywhere within a range rh.it 
assures vegetational growth throughout the veji 
and the amount, seasonal distribution, and relia 
bilitv of rainfall are critical to the life of pljni* 
and therefore broadlv to the fauna, including man. 

Air masses and climate. The continent of Afn. .< 
is dominated by throe types of air masse*: tropical 
maritime (mTl. whic h is warm and moi*t and ha- 
ils sources over the oceans north and south of tin* 
Equator: tropical continental icT). whic h i* warm 
and dry, one mass originating over the Sahara 
and the other over the Kalahari; and polar rnari 
time (mP), which i* cool and moist and invade* 
Afriea in two area*, northwest in the Northern 
Hemisphere wintertime and southwest in the South- 
ern Hemisphere wintertime. The air masses shift 
in position to conform in general with the shift in 
the apparent position of the sun as the season 4 * 
pas* during the year. Thus the rain-bringing ml 
air mass moves broadly nerthward during th** 
Northern Hemisphere summertime and southward 
during the Southern Hemisphere 'summertime. In 
the winter of each hemisphere Mime of the area 
vacated by the mT air is occupied by the cT air and 
practically rainless conditions thed prevail in these 
positions. It must lie stressed, hdwever, that the 
zone of iatertropical convergent is variable in 
position from season to season and from year t<> 
year. Thun the time of arrival, the duration, the 
continuity, and the intensity of the wet and drv 
seasons are also variable, especially upon the 
broad plateau surface where physiographic h* a * 
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Physical map of Africo. ( Drown by E. Rain* 


,ljr(>M an* subdued, and the individual seasonal and 
annuul precipitation value* may depart widelx 
from their corresponding average value*. At the 
extreme northern and southern margins of Africa 
latitude* are so high that in their wintertimes 
^ lf ‘ n} l J air from the North lind South Atlantic 
reaches over the land in cyclonic storm* to bring 
winter rains which replace the summer drought 
imposed by the rT air. See Am M As>. 

Major regional patterns. With these qualifica- 

,w,n * in mind it is possible to construct a relatively 
H|rn l , l | * sr heme of climatic region* for Africa. The 


Kquator is the domain of the m T air and therefore 
it is a belt of rainy and warm equatorial climate 
which reaches from the western shore about two- 
thirds of the way across the continent. The eastern 
one-third of the equatorial position does not have 
the equatorial climate because it is too elevated 
and too dominated by the strong .seasonal winds 
which alternating!)* carry wet and dry air across 
the Kquator as part of the monsoon system of 
adjacent southern Asia. 

In the vicinity of the Tropics of Cancer and of 
Capricorn are dry lands continuously under the 
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influence of the cT air masses. The Sahara is much 
more vast and dry than the Kalahari, not only be- 
cause there is more land in the appropriate lati- 
tudes in the Northern Hemisphere, but also be- 
cause the Sahara is part of the great dry-land belt 
of the Northern Hemisphere and there is less op- 
portunity for moist air to penetrate to it than to 
the southern dry lands which are closer to warm 
seas. Nevertheless the driest part of the southern 
lands is the coastal or Namib Desert which is the 
western margin of the relatively moist Kalahari. 
The cool Benguela Current which runs off this 
shore blocks the importation of Atlantic Ocean 
moisture. The Somaliland coast of the Indian Ocean 
is another low-precipitation area localise not much 
unmodified maritime air passes over it. All the dry 
lands experience strong temperature changes be- 
tween day and night and between winter and sum- 
mer. The usual cause of rainfall is strong convec- 
tional action during the heat of the day. 

Between the always wet and the always dr> lands 
lie those vast areas which are alternately wet and 
dry as the mT and cT air masses exchange posi- 
tions in the changing reasons. This climatic t>pe 
extends across the Equator in the east to link tn- 
gether the Northern and Southern Hemisphere 
portions. Poleward from the deserts are the limited 
areas of winter rainfall and inild temperatures 
commonly known as Mediterranean climate. In the 
extreme southeast of Africa a small area of mild 
temperature and of summer rainfall is ordinarily 
recognized. There are also mountain arcus, par- 
ticularly in the northeast and in a long arc across 
the Equator in the east, which arc recognized a* 
entities where climatic types are separated verti- 
cally. rather than across the map of Africa. 

It will be seen from the nature and distribution 
of the climates that Africa is a continent much af- 
fected by aridity, in some places enduring through- 
out the year and in others only seasonal. Contrary 
to the popular concept of an Africa teeming with 
vast dark forests of gigantic trees, the greater part 
is either scrubland, grassland, or desert. The true 
tropical rainforest is limited to the always rainy 
areas of humid equatorial climate in the center and 
west of the continent and to a narrow strip along 
the Guinea coast, where despite marked seasonality 
of the rainfall, the total annual quantity is sufficient 
to carry the forest vegetation through the dry sea- 
son. All the tropical rainforests and the associated 
riverine forests and mangrove swamps together 
cover less than 10% of Africa. Many centuries of 
shushing and burning by the native inhabitants 
have reduced most of these forests to degenerate 
tropical bush. 

Poleward from the tropical rainforest position 
in each hemisphere and also along the higher and 
drier eastern side of Africa there is a broad horse- 
shoe-shaped band of semideriduous forest, often 
called dry forest or thorn forest, and of savanna or 
tall grass with scattered trees and bushes. These 
vegetation combinations reflect the alternation of 


precipitation seasons between the wet growing 
season during “high sun'* and the drought during 
“low sun.” A full 40% of Africa experiences the 
annual changes. Here are the realms of the great 
herds of grazing animals, which once were more 
numerous. Another 45% of Africa is so poorly 
watered at all seasons that it supports only desert 
plants and dry savanna of short grasses. This dr> 
zone runs broadly across northern Africa as the 
Sahara and its margins. It is present in the South- 
ern Hemisphere in the same latitudes, hut the 
continent is narrow there and the dry condition*, 
are not so widely and severely developed. The 
remainder of Africa displays mediterranean scrub 
forest vegetation at its northern and southern ex- 
tremities, and some middle-latitude and alpine 
vegetation forms in the highland* of Ethiopia and 
on the upland areas of eastern and southern Africa 

SURFACE FEATURES 

Africa is sometimes called a plateau because in 
many places, parti* ularlv south of the Equator, the 
rolling surface of the continent is bounded b> steep 
escarpments which face the sea and drop down to 
narrow coastal plains. 

General plateau character, f lic simple outline <>f 
Africa reflects the narrow continental shelf wlihh 
borders it. Compared to other continents 4 ft ini i- 
a massive, rigid, and stable block, exhibiting fold 
ing and faulting in limited zones «nl\. with tin 
basement complex of crystalline rocks exposed 
over about one-third of its surface in tin* swells pir 
viouslv mentioned. 

Plateau upland rhararter . Although the 
line rocks are exposed in the geological sense that 
no other rocks lie upon them, thev often are buried 
*hy deep accumulations of weathered and fraguun 
tary materials so that the facts concerning then 
mineralization may he difficult to determine I h» 
vast riches of metallic ores already known in A fin.* 
may represent but a small fraction of the deposit- 
in areas of exposed crystalline rocks. It is also trie* 
that in some circumstances the crystalline rock- 
stand literally exposed, stripped of any covet in*: 
in bold steep domes and towers known as itwl 
bergen or hornhardts. These features of differentia! 
erosion usually stand in groups or dusters. 

Basin airfares. The basins in the surface of the 
African block are floored by accumulations *»t 
sedimentary materials derived from the swells. In 
southern and eastern Africa vast areas of thr-e 
continental sediments are sandstones and shale* 
Karroo age ( Permo-Carboniferoui) ; they form the 
flat-topped surface features tv pica I of the land- 
scape of these parts of the rontiijrnt. locally emtl 
is found in the Karroo deposits, inlike other *«*ti 
tinent*. Africa does not have great marine sedimen- 
tary basins or geosynclines. Invision* of mam* 1, 
water* in the course of geological time were largch 
restricted to the marginal coast land* of the Ah> 
can continent, although a broad region of the 
ern Sahara was submerged at one time. I bus 
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marine deposits are generally shallow in depth and 
unfolded in structure and are unpromising as 
sources of petroleum even when of requisite com- 
position. Nevertheless, some oil-producing areas 
have been developed, notably in the western Sa- 
hara. 

Elevations. The surface of the African plateau 
dn>p** from elevations of 4000 5000 ft in the South- 
ern Hemisphere to about 1000 ft in the Sahara. In 
southern and central Africa there is evidence sug- 
gestive of three or four important erosional sur- 
faces which are presumed to have resulted from 
periodic uplift of the African block. Lncallv the 
upthrust edges of the block may reach considerable 
heights as in the Drakensberg of South Africa 
where elevations exceed 1 1.500 ft. 

Rift valley system. In eastern Africa the old 
( ru^tal block has been probumdlv disturbed b\ the 
major structural feature known us the rift vallev 

stern. This term refers to the complex of struc- 
tural troughs, or grabens. produced bv parallel 
faulting. The Red Sea and the Culf ol Aden are the 
parts of the system which separate Africa from 
Snibia. The line of grabens pa^es southwest 
through central Ktliiopia. along the course of the 
Wash River and the line of "mull lakes from I .ike 
/wai to Lake Ah.iva. auo ii\ wav of Lake Rudolf 
through western Keuva. It" passage through the 
kcuv.t highlands is aUo marked bv a series of 
-mall lakes from Lake Raringo to Lake Magadi. 
That the grabens do not form a continuous low- 
level v a lies such as results from stream erosion is 
-lmwn b\ the position of lake Viivasha. whose 
-iirfdie is 05ft 1 ft above sea level. After passing 
into Tangunviku via I ake Natron, the surface ex- 
pression of tlie trough disappears because it is 
filled with volcanic »sh and other material, but the 
tiruhen reemerges in l.ake Nvasa and the Shire 
River sal lev which leads to the lower Zambezi 
River and the *r«. The length of the "Vstem from 
the Mediterranean Sea to the Indian Ocean is 
irboul 50 degrees of latitude. 

A western arm »» f the rift vallev system starts 
north of and passes southward through Lake Al- 
bert. Lake Kdward. Lake Kivu, and 1 ake Tangan- 
yika. and extend* toward Lake Nva«a. with a spur 
running southwestwatd as the Luangwu vallev of 
Northern Rhodesia. 1 ake Tunganvika is 5100 ft 
‘b’cp. with its bottom about mile below sea level, 
lb-tween the two arms of the system is the struc- 
tural sug occupied b> the vast but shallow Lake 
N i* toria. The trenches of the system are variable 
1,1 altitude, depth, width, and the steepness of their 
fiunparts. |>ut they are magnificent in places, par* 
,n nlarlv where lakes occupy their bottoms. 

Volcanic features. Associated with the rift valley 
VVs tem of eastern Afiiea are some tremendous 
“'it pourings of lava. The most extensive of these 
[,rr *be great basalt highlands on either flank of the 
Mfl vallev in Kthinpia. where large areas exceed 
bl.OOO ft above the sea and the eulminating point 
Bashan reaehes above 1 S,000 ft. Lava has 


also poured out abundantly on either side of the 
Rift Valley in Kenya, northern Tanganyika, and 
eastern Uganda, to form highlands in the vicinity 
of the Fquutor. Associated with the huge lava 
sheets are a number of volcanic c raters, great and 
small, and a number of volcanic cones. Of the cone*, 
three are especially well known for their size, alti- 
tude. and challenge to mountain climbers and 
tourists: Mount Elgon on ihe border of Uganda and 
Kenya. with an altitude of 14.176 ft: Mount Kenya 
almost on the Equator. 17.040 ft; and Mount Kili- 
manjaro in Tanganyika, the higher of whose two 
peaks. Mount Kibo. rises to 10.320 ft. Mounts 
Kenva and Tanganyika are permanently snow- 
capped. The spectacular Ruwenzori Range, fabled 
Mountains of the Moon, in the same area are not 
volcanic but are an edge of the plateau surface. 

Older and younger volcanic material" are found 
in other part" of Africa but nowhere arc there va"t 
accumulations of lava as in eastern Africa. The 
Cameroon Mountain. 13.350 ft. is a volcanic- peak 
and genetically associated with it are the islands of 
Fernando Po. Principe, and Sao Tome. Some of 
the I)ar Fur peak* in the Sudan are volcanic, and 
old basaltic lavas occur in several place* such as 
those across the Zambezi River which form Victoria 
halls. The famed Kimberley diamonds are found 
in geologically ancient volcanic neck", locally 
called pipes. 

Features related to folding. The northern and 
southern extreme" of Afric a are areas of folded 
geological strata which have subsequent I v been 
eroded into sv stems of mountains and valleys. Al- 
though small in comparison with the rest of the 
continent, these marginal areas are significant in 
the human settlement of Africa, especially the 
Atlas Mountain region of the north. Ideologically 
the Atlas ranges are an integral part of the Alpine 
"V stem of southern and central Europe, being 
structurally one but topographically separated bv 
the Strait of Cihraltar and the Strait of Sicily. In 
Africa two major lines of highlands can be dis- 
tinguished. a c oastal line and an interior line. The 
coastal Atlas ranges run eastward from Tangier as 
the Rif. into Algeria as the Tell, and end in Cape 
Blanco in Tunisia. 'The interior ranges start in the 
west of Morocco with the High Atlas and its com- 
panion the Anti-Atlas, continue eastward as the 
Saharan Atlas of Algeria and into Tunisia to termi- 
nate in Cape Bon. Between the two lines of ram- 
parts in the* east and center lie* the elevated 
Plateau of the Shotts. so-called from the salty shal- 
low semipermanent lakes found in basins of in- 
terior drainage upon it. In the west the Moroccan 
Mesta is another plateau but it slopes toward the 
Atlantic and is separated from the eastern plateau 
by the Middle Atlas range of Morocco. The wind- 
ward northern and western flanks of these ranges 
derive moisture from mP air masses, including 
winter snow on the higher peaks, notahly in central 
Morocco where the High Atlas exceeds 14.000 ft. 
The runoff from the mountain flanks brings water 
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to favored places on the summer-dry plateaus and 
plains. The Atlas system thus stands out as Jesirat- 
el-Maghreb, or Island of the West, in comparison 
with the inhospitable Sahara and the seas that sur- 
round it. 

In contrast to the complex folds, thrust faults, 
and ancient crystalline cores of the Atlas ranges, 
the Cape Ranges of the southern extremity of 
Africa are relatively simple, folded sedimentary 
rocks, corresponding in age. general structure, ami 
topographic forms to the Appalachian folded 
mountains of the eastern United States. The ranges 
are short and pitching and arranged en echelon. 
They are pressed closely against and approximately 
parallel to the edge of the unfolded plateau sur- 
face. In general the folded area rises from the 
ocean to the interior in a series of steps, the treads 
of which are plateaus and the risers are mountains. 
A typical sequence is the coastal plateau bordered 
by the Langeberg. the Little Karroo plateau and 
the Zwarte Bergen, and the Great Karroo and the 
Nieuewveld. which is the great scarp of the interior 
plateau. The Cape Ranges also arc regions of 
winter precipitation in which moisture is received 
according to their exposure to rnP air. On the moist 
sides of the ranges rise many small streams which 
form rivers paralleling the range-, except when? 
they cut transverse water gaps, called poorts, 
through which most transportation line- are routed. 
Famous Table Mountain rising above Cape Town 
is n> . a part of the Cape Ranges, but a remnant of 
flat-lying sediments. 

Associated Islands. The massiveness of -the Afri- 
can continent and the simplicity of its outline are 
expressed again in the paucity of islands associ- 
ated with it. The islands of the Mediterranean Sea 
are related to the Alpine folding and are European 
or Asian rather than African, with minor excep- 
tions. The islands of the Atlantic Ocean, such as 
the Canaries. Azores, and Cape Verde in the north 
and isolated Ascension and St. Helena in the south, 
are Atlantic structures, not African. Excluding 
marshy deltaic islands, the Atlantic shore of Africa 
has a few islets jutting off points of land and the 
far more significant line of islands in the Gulf of 
Guinea which represent extensions of the volcanic 
peaks found in the Cameroon Mountains. The In- 
dian Ocean coast also has only small close inshore 
deltaic and headland islands, and coral reefs. The 
coral reefs are also common in the Red Sea. The 
sole great island is Madagascar, which with an area 
of 2*50.000 square miles is one of the largest islands 
of the world. Separated from Africa by the Mo- 
zambique Strait and 250 miles of open water, 
Madagascar is almost 1000 miles long. Geologically 
an outlier of South Africa, the island has a massive 
crystalline eastern two-third- and a sedimentary 
western third. Vast lava flows testify to past vol- 
canic activity. Lying athwart the southeast trade 
winds. Madagascar has orographic rainfall on its 
eastern high margin all of the year, whereas the 
west lies in a rain shadow. Madagascar's long 
separation from Africa is demonstrated by remark* 


able faunal and floral differences between the is- 
land and the mainland. The Comoro Island, Re- 
union, Mauritius, and the far Seychelles are small 
islands and archipelagoes that are structurally re- 
lated to the Indian Ocean rather than to Africa. 

DRAINAGE 

One-third of the African continent has no drain 
age to the surrounding means and seas, and most 
of the remainder is drained bv a few major rivers. 

Interior drainage. In North Africa interior ba- 
sins correspond to the Sahara and its margins in 
position. Of these, the Libyan basin is virtual!) 
without watercourses. The Ighurghar basin, which 
lies south of the Saharan Atlas, and most of the 
great West Saharan ha-in exhibit “fossil” water 
courses inherited from the pluvial periods whi<|, 
were occasioned by glacial ice over northern Eu 
rope and which affected the climates of northern 
Africa. The southern portion of the WVst Saharan 
basin is traversed bv the exotic middle portion <»f 
the Niger River, which for nianv miles purlin l4 
course directed toward the center of the Sahara 
before it turns toward the Gulf of Guinea. Ih* 
Chad basin collects in l ake Chad the waters of if,, 
Shari and Logntic river s\ sterns, whir'll derive th»n 
runoff from the watershed separating them from ih. 
Congo system. In former tunes of greater pm ij.jid 
tion water passed on northeastward from I A* 
Chad to still lower points in the interior. 

The area of interior drainage in southern \(r«, 
is associated with the aridity of the Kalaliiiii «lu 
land. The Northern Kalahari basin is p.nti.tlb 
drained bv the Zambezi River wystem and t!i» 
.Southern Kalahari basin is pattiallv drained h\ tfi* 
Orange River. Large areas of both, however, drain 
into "pan*” from which the water evaporates in t to 
dry season. In eastern Africa the areas id inter h i 
drainage ure associated with the rift valb*\ -iru- 
tures as well as with the meager rainfall. The cv 
tension and integration of drainage line- through 
the process of headward erosion results m tin 
capture and diversion of one stream In anotlur 
and is reducing the areas of interior drainug ,a 
Noteworthv examples of incipient stream uipturr 
today are the Benue River preying on the !.ngom 
of the Chad basin and the Zambezi pirating Lak«- 
Ngami drainage of the Northern Kalahari hi-in 
through its tributary, the Chohe. 

Patterns of major streams. I)e< a use mi niu< h '*1 

Africa is a plateau surface of swells ami ' -et 
basins, most of the great rivers which rruch the 
have long middle courses of renfetrkahlv low gradi 
ents between ungraded headways and the w»»ui 
falls and cataracts which mark- their channel- a- 
they fall over the plateau rim tu#ea level. Alth***jgh 
this fact has meant that African rivers were n*»t 
easy w*?ys of penetrating into tile continent in 
period of European exploration nor are the) 
of uninterrupted navigation today, the rivet* 
produce great amounts of energy so that Afn' d - 
despite its aridity, has an estimated 40 r, r <d 
world's potential hydroelectric power. 
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The Nile, The only perennial stream which enters 
the Mediterranean Sea from Africa in the Nile, 
whose 4000 miles makes it the longest of all Afri- 
can rivers. From its mouth to the southern Sahara 
it is a dwindling stream without tributaries. Fur- 
ther upstream it receives right-lmnk affluent* from 
the Kthiopian Highlands, notably the Athara, the 
Mur Nile, and the Sobat. Above the Blue Nile 
junction the main stream is known as the White 
Nile as far as the confluence of the Bahr-cl-Ghazc| 
which feeds in water from the left bank. Together 
these two streams form a great swamp famed for 
ji> "sudd" or mat* of floating vegetation. The Rahr* 
el-Jehel or upper White Nile has drained from the 
northeast corner of Lake Albert and the swamp* of 
l ake Kvoga, and these waters have their source in 
I ake Victoria and the streams which feed it. 

Southwest of Sahara. The rainv nib* Saharan 
lands west of the longitude of the Bight of Biafra 
base many rivers. mn*t of them short, precipitous 
,imi subject to large fluctuations in seasonal vol- 
ume*. There are unh three great ri\er system*-. The 
Senegal River takes its moisture from the Fouta 
j.tllon Mountains, a high portion of the plateau 
nm. and make* a northwestern arc to reach the 
\tlanlic north of Cape Vftcje and on the 
ni.ii gin of the Sahara. The *e<-ond river i* the 
Niger whiili, rising near the Senegal, flow- north 

• .i-twjrd into ever drier elimatie condition* ami 

• preads it* water* over a swampy “interior delta*' 

it* own making. Bcvond the vicinitv of Timbuktu 
the Niger swings abruptlv sotitbea*tward*. follow- 
ing the vallcv *»f a stream that captured the uppev 
ti< he*, and after a total course of 2600 mile* at- 
t nn« tin* Lull of Guinea bv wav of ji >a*t <«>a*tal 
delta. The onlv important tributarv of the Niger i* 
the Benue which flows we*tward from the Gain- 

• r<Mm Mountain* to join the master stream in cen- 
tral Nigeria. Within the great loop of the Niger 
lie- the third system, that of the \olta which 
tlunugh stream integration collect* nunh of the 
Adler* of Ghana and land* to the north and west. 

The Conn o. The great river of tropical Africa is 
1 lie Lnngo. Nearly 3000 miles long, its middle por- 
lion piovides 1000 miles of low -gradient, navigable 
*dicr* between Stanlev Falls upstream and Stanley 
l , "u] downstream. From Stanley Pool to the Atlan- 
tic is a descent of over 800 ft in rapids and water- 
hill* to. form the premier site for water-power de- 
' |, l«q»ment in Africa. Below the cataract*, the lower 
b«ing<i has 80 miles of waters navigable by ocean 
''“'.-♦■In. The upper Congo, or Lualaba. is navigable 
m fetches. Because of its equatorial position and 
,u ^ f »rthern and Southern Hemisphere tributaries. 
'‘^•mplifie<| hy the Uhangi and Kasai respectively. 

Longo is less subject to *ea*onal. volume flue* 
Elation* than le*»s tropical rivers of Africa, 
fctfvf anti southern Africa . Because of its rom 
Kf Picture and topography* F.a*t Africa has 
^flopeil no great integrated river system other 
the Nile. The great lake* occupying troughs 
n 1 * Rift Valley complex are but little integrated. 
a * Allwrt, Edward, and George are connected 


to the Nile drainage. Lake Kivu drains to I-ake 
Tanganyika und thence to the Congo system. Lake 
Nyasa drains to the Shire River which in turn en- 
ters the Zambezi and the Indian Ocean. Lake 
Rudolf and many smaller rift valley lakes have no 
outlets. 

South of the Congo system, the Zambezi River 
controls much of the drainage to the Indian Ocean. 
Its upper course drains a great alluvial basin on the 
plateau surface, from which the river departs over 
Victoria Falls, 343 ft high, into a canyon and 
thence out on the eastern coastal plain to form a 
delta. The Limpopo is a lesser river farther south 
which recapitulates the above sequence. The Or- 
ange River, with its major tributary the VaaL is 
the onlv significant drainage line to the Atlantic 
Ocean in southern Africa. Rising far to the east 
it make* it* wa> across the Kalahari drv lands as a 
nonpcrcnnia! stream to drop off the plateau surface 
at Aughrabie* Fall*. 400 ft high, barely reaching 
the shore. [h.v.k.1 
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Afterburner 

\ device in a turbojet aircraft engine, between tur- 
bine and nozzle, which improves thrust by the burn- 
ing of additional fuel i *ee illustration). Thru*t 
\arie* Imt little with speed for a turbojet engine. 
Thu*, to develop additional thrust for take-off. 
climb, and f<»r periods of dash of military aircraft, 
it i* advantageous to augment the engine thrust. 
Thi* i* done by afterburning, also called reheat- 
ing. tail- pipe burning, or post combustion. The aug- 
mentation bv afterburning may be well over 40 r < 
of the normal thrust and at supersonic flight can 
exceed IOTP" of normal thrust. 

When a turbojet i* developing the maximum 
thrust for which i* is built, the compressor is oper- 
ating at its maximum compression ratio and the 
gase* enter the turbine at maximum allowable tem- 
t»erutiire. The most feasible means to increase fur- 
ther the thrust is to reheat the gases after they 
leave the turbine. In a conventional turbojet, the 
gases discharge from the turbine at approximately 
1500 n R and with sufficient oxygen to permit burn- 
ing liquid hydrocarbon fuel. By afterhurning. the 
gases are heated to approximately 3500° R before 
thev enter the discharge nozzle. 

The augmented thrust depends directly on the in- 
crease in temperature and also on aircraft speed, 
afterhurning being more effective at supersonic 
speed*. At subsonic speeds specific fuel consump- 
tion is approximately doubled so that the technique 
is suitable only for brief period*. At supersonic 
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volume \ 

Diagram of turbojet engine shows location of after- 
burner. Shaded areas on thermocycle diagrams show 
increased engine output produced by afterburner. 

speeds the use of continuous afterburning i- feasi- 
ble. An engine with an afterburner also requires a 
variable-area nozzle because of the large difference 
in nozzle area required in the afterburning and 
nonafterhurning conditions. See Tt HBOjtT. 

f h im. ] 

Agamma-globulinemia 

The deficiency of gamma globulins in blood serum 
in an individual with recurrent or chronic infection. 
Gamma globulins are normal constituents of the 
circulating hlood proteins. Many of these are re- 
lated to antibody formation and therefore the clini- 
cal findings are most commonly centered on this 
problem and the increased susceptibility of af- 
fected person* to infections. 

Several forms are recognized, including the usu- 
ally unimportant and transient decrease in gamma 
globulin* in infant* 2 months old or older. The new- 
born has apparently acquired most globulin* from 
the mother and ha* little ability to form his own 
globulin* and related fraction*. This mechanism 
is ordinarily effective by the age of two when ade- 
quate levels are achieved. 

Agamma-globulinemia may result from primary 
disorders, notably the congenital metabolic defect 
inherited as a sex- linked recessive ip males. Sec- 
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ondarv arc related to prior di-order-* mj< li .i* 

ptinbv poproteint'inia and • ertain liver di-r.i-e*. ami 
in asocial ion with i ertain nuligriarnie*. Mich .*■ 
lwnphoma- and IwnpluH \tii leukemia-. The l.i-i 
two are beliew-d to prodin e agaiimM-gloluiluieiun 
becau-e of the dhnorrnalitv of one of the lymphoid 
blood cell t\ pe- wlibh .1* t a- earlier- and po— ibl\ 
al-o prodin v antibodies and i elated Mili-tuner*. 

In any rj-r. -u-reptibility to infei lion, lack "I 
antihodv protei lion, and ab^eme of blood 
niagglutinin* are typical. The latter makes blood 
matching or t\ping a difficult procedure I'* 1 ' 
Hi.nnri; (mmvia m.oiu i.iv; III m \s unhiiv 

| l 

Agar 

A gelatinous product extracted fr0m algae, parti* 
ularly of the Geltdium specie*, jfnd from Cevl»n 
rno*s, Grtirilaria lirhrnnidrtt . After boiling, tlo- 
agar is cooled, purified, and dried and i* packaged 
in granule*, flake*, brick*, or sheets. It i* umJ a- 
a culture medium in pathological jresearch. a** food 
roughage, as a gelling agent in confectioneries 
canned meat*, and as a sizing material. Mo*t ag« r 
comes from the Far Fast, although Mime i 1 * P r °‘ 
duccd in California. See Algak; Micho!U<>i.<>gi< ^ 
methods. I 
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Agate 

A variety of rhalcedonic quart?: that in distinguished 
liv the presence of color handing in curved or ir- 
regular patterns (Fig. 1). Most agate used for or- 
namental purposes is composed of two or more 
t„ncs or intensities of brownish red. often inter- 
layered with white, hut is also commonly composed 
nf various shades of gray and white. Since agate is 
i datively porous, it can he dyed permanently in 
red, green, blue, and a variety of other colors. The 
difference in porosity of the adjacent layers per- 
mits the dye to penetrate unevenly and preserves 
marked differences in appearance between la\ers. 



Agglutination reaction 

A clumping of a particulate suspension by a known 
or bv a test reagent. The reactions are usually 
rapid and easily carried out, and in consequence, 
have wide application in diagnosis. Several types 
may he distinguished. In one, natural antigens 
(bacteria or red blood cells) clump when treated 
with their specific antibodies. This reaction may 
he used to identify either the cell antigen or the 
presence of specific antibodies in serum. Common 
examples are the typing of blood for transfusion 
or the detection of antibodies to typhoid organisms 
in the sera of suspected carriers. The amount of 
antibody may be estimated by noting the serum 
dilution at which agglutination is just perceived. 
.See Antibody; Txnioin vkvkr. 

In a second tvpe, a reagent antibody is added to 
a solution Mj*pe« ted of containing a soluble test 
antigen: if the antigen is present the antibody is 
neutralized and the cell suspension subsequently 
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antigen antibody 


bacterial 

suspension 



1. Section of polished agate showing banding. 
Chicago Natural History Museum) 


results — macroscopic test 




^'9' 2. Moss agate— cut gems. (The Mineralogist) 

Hie term agate is also used with prefixes to de- 
•“rilit' certain types of chalcedony in which hand- 
,f *u in not evident. Moss agate is a milky or almost 
,r dir-parent chalcedony containing dark inclusions 
ln a dendritic pattern (Fig. 2). Iris agate exhibits 
an iridescent color effect. Fortification, or land- 
agate is translucent and contains inclusions 
dial gi\ r j( an appearance reminiscent of familiar 
n ‘*tura| scenes. Handed agate is distinguished from 
bv the fact that its handing is curved or ir- 
r, 'Nar. in contrast to the straight, parallel layers 
0 The properties of agate are those of chal- 
'S'* 1 *'- rp frartive indices of 1.535 and 1.539, a 
<:!s * 7, and a specific gravity of about 

j - -W Chalcedony; Gkm; Qiubtz. 

[ fa. r. t.moicoAT, jb-1 
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results - microscopic test 



diagram of agglutination reaction. (From C. J . Wition, 
Microbiology with Application to Nursing , 2d ed., 
McGraw-Hill, 19 56) 
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added will not be agglutinated. The cell suspension 
has previously been sensitized with the soluble 
test antigen. This sensitive agglutination-inhibition 
test is widely used, for example, in the detection 
of urinary hormones for the determination of 
pregnancy. 

In a third type, certain virus and red cell com- 
binations are agglutinated in a nonspecific manner. 
However, the reaction may be inhibited, specifi- 
cally, by antibody to the virus and this permits a 
high degree of control. This virus hemmagglufi- 
nation-inhibition test may he used to identify the 
virus antigen or to quantitate the antibody. See 
Antigen : Blood groups ; Seroi ogy ; Virus. 

[ SI. 1\ TRF.EFKRS] 

Bibliography: J. F. Aekrovd fed.). Immunologi- 
cal Methods. 1064; E. A. Rabat and M. M. Maver, 
Experimental Immunochemistrw 2d ed., 1061; 
P. G. H. Gell and R. R. A. Coombs (edO. Clinical 
Aspects of Immunology , 1963. 

Agglutinin 

A substance that will cause a clumping of particles 
such as bacteria or erythrocytes. Of major impor- 
tance are the specific or immune agglutinins, which 
are antibodies that will agglutinate bacteria con- 
taining the corresponding antigens on their sur- 
faces. Agglutinin activity is frequently displayed 
by purified antibody preparations that also pre- 
cipitate or give other serological reaction*. Agglu- 
tinins are readily determined, and their presence i* 
of diagnostic value as an indicator of a present or 
past host contact with the microbial agent sufficient 
to result in antibody formation. See Aggu ti na- 
tion REACTION ; ANTIBODY; RlMCl.T TSIOsES. 

Analogous reaction* involve erythrocytes and 
their corresponding antibodies, the hemagglutinin*. 
Hemagglutinins to a variety of erthyrocytc* occur 
in many normal sera, and their amounts may he in- 
creased by immunization. The blood group iso- 
agglutinins of humans and animals are important 
special cases which must be considered in all pro- 
posed blood transfusions lest transfusion reactions 
result. Some, but not all. hemagglutinins may dis- 
play additional lytic activities when complement 
is added. See Blood groups; Complement (se- 
rum). 

Certain agglutinating systems agglutinate 
weakly, if at all. unless a conglutinin is added. 
Bacteria and erythrocytes may also, at times, be 
nonspedfically agglutinated by other substances 
such as acids and plant extracts. Unfortunately, 
these latter agents are also frequently termed ag- 
glutinins. See Conglutination. 

| h, p. the leers] 

Bibliography ; S. Raflfel, Immunity , 2d ed.. 1961. 

Aggression 

A form of behavior usually of a punitive, destruc- 
tive nature and often caused by frustration. Thus 
far, the concept of aggression has had only limited 
application in scientific psychology. Two general 
views are currently held concerning it. One* per- 
haps most directly attributable to Sigmund Freud, 


holds that aggression has an instinctual basis and 
that its expression and gratification is a biological 
imperative. Alternatively, it has been suggested by 
J. Dollard and his coworkers that aggression Is a 
reaction to frustration and that instigation to ug. 
gressive action may therefore he highly variable, 
and controllable (.ver Frustration). This reactive 
theory of aggression is more widely favored todav 
by psychologists than Freud's instinct hypothesis 

However, it is realized that* there is no one-to- 
one relationship between frustration and aggre^ 
sion: frustration may be experienced which docs 
not result in aggression, and aggression may incur 
for reasons other than frustration. For example, 
various writer* have pointed out that living organ 
isms can and often do display ‘’aggressive" behavior 
because they are afraid rather than angry. Tin- 
frustration-aggression hypothesis, as it has been 
called, thus encompasses onlv a portion of tin- 
phenomena in question. 

A taxonomy of aggression has been offered l>\ 
S. Rosen/weig. as follows: extrapunitive action 
blaming, attacking others; intropunitive action 
blaming, criticizing oneself; impunitive action 
rationalizing, disavowing, repressing blame .-mil 
anger. See Emotion. | o. ii. mowkik! 

Bibliography : J. Dollard. b. W. Doob. N, K 
Miller, O. H. Mowrer. and R. R. .Sears, Ft nslntti'i! 
and Aggression. 1939; S. Ro*cn/wrig, Tvpr- ..I 
reaction to frustration. J. Abnormal Soria! /\v 
rhoL. 29:298 300. 1934. 

Agnatha 

The javvle** fishes which are the nuT-t primitive n' 
the four classes o| fishlike vertebrates. Actii.ill 1 . 
"however. the morphological and evolutionarv g , • i ; 
between the Agnatha and the other cla**e«. o| fi*lu- 
is greater than that between the other cla-se* <>i 
fishes and the four great classes of terra pods. 'I hr 
Agnatha rnav be contracted, then, with the Gnathr 
stomata, consisting of the seven remaining cla-o- 
of the Yertebrata (Craniata). from fishes ill i ougl: 
mammal*. The Agnatha are jawle>s. lack dentil lc- 
and have no true teeth, although hornv, cornific-l 
ex< re«cences mav line the buccal cavitv. See \ m 
TF.BH A T A. 

The Agnatha make up two assemblages of feme 
widely separated in time and. until recent derail'-, 
not known to be closely interrelated. One group, 
the oldest of vertebrate*, include* the ostracodeuu- 
and their allies, which originated in the earlv Pah* 
ozoic (Ordovician) and persisted through tin* P«‘ 
vonian. These usually small agntth* had a Icm" 
Irony armor of plate* or scale* at|H were of divert 
structure and form. After a bl#«k in the fossil 
record of several hundred millioi| years the cvrk 
slome* appear in the modern fuupa. These ar** ^ 
like animals that are primarily adapted to life a- 
scavengers or parasites. Cyclos^nme anatomy u* 
veals unquestionable evidence at kinship with m' 
ancient ostracoderms although there is a rartitoK' 
inous skeleton and no armor. 

Paleozoic Agnatha* The Paleozoic Agnatha con- 
stitute three subclasses. The Cephalaspidom» , T u 



differ from the Pteraspidomorphi notably in having 
a single median nostril and several pairs of exter- 
nal gill apertures. The Ophalaspidoinorphi include 
two orders, the Cephalaspidiformes (Osteostraei ) 
with a broad, flattened, bony head shield and the 
Birkeniiformes (Anaspida) which are also plated 
hut have a more conventional fishlike form. The 
Pteraspidomorphi include the order Pteruspidi* 
formes (Heterostraei), but some authorities recog- 
nize several constituent groups as distinct orders. 
The oldest known vertebrates are Ordovician skele- 
tal fragments that seem to represent the Pteraspidi- 
formes. The poorly known subclass Thelodonti 
iCoelnlepida ) includes those tiny Paleozoic ag- 
natlis whose bodies are covered with small bony 
«cules. See Okphai.aspidomoRchi ; Coki.OI.ki’IDA ; 
Ptkkasndomorpiii; see also Ostracoderm. 

Recent Agnatha. Recent A gnat ha. or cyclo- 
•tnmes appear to he allied to the Cephalaspido- 
rnorphi. especially because they have a single me- 
dian nostril and F> IS pair* of gill pouches. They 
differ in the absence of bonv plates, scales, and in- 
ternal ossification, and in the lack of paired horns 
or flaps which have been interpreted a* pectoral 
firi’*. The Cxdostomata have been variously ranked, 
hut it seem* most convenient for the present to 
treat them as a subclass allied to the Oplialaspido- 
morphi. However, the foremost student of the 
F., A. Stensio, believes that lampreys 
1 IVtromvzonlidae I are modern representatives of 
die Ophtilaspidornorphi and that hagfishes iMyx- 
inidaei are living survivors of the !’tera*pidnmor- 
phi. .Sec (!y< i.i is iom vrv I * iiokim ui ; t is a rifo*Tc>- 

MW VI PlSffs 1/OOIOI.Yl. ill.M.B.I 

Hibliugni[»h\ : A. S. Romer. \ ertehrate l*uleon- 
. 2d ed.. PMfv. 

Agnosia 

The |i of the ability to recognize objects or other 
■ on*tcllatii»ns of stimuli. The essential feature of 
iffiio'ia. as the term is used in clinical neurology, 
i" the *electivitv of the loss. It is confined to im- 
pressions received through one sensory channel and 
•»« «ur* despite relative preservation of sensitivity 
and intellect. Agnosia is caused by cerebral injury 
nr disease. The critical loci of lesions in the vari- 
, " 1 ' f'»rms of this disorder have not been *atisfar- 
•'•rib determined. 

Types. The principal varieties of agnosia are 
v,M ‘al. auditory, and tactile. Visual agnosia is sub- 
sided into visiiospatial disorders, central color 
blindness, nonrecognition of objects and pictures. 
an, l luss of ability to identify written symbols. Even 
more specialized types of visual agnosia, that is. 

norirmignition particular classes of objects or 
'>mhoU. have been reported. Auditory agnosia may 
involve loss of recognition of objects by the sounds 
ihcv emit, impaired perception of musical tones, or 
*<k of understanding of speech. Tactile agnosia 
Implies | ttr k of recognition of objects by palpation; 
11 I* usually not subdivided. See Astereognosis. 

•neory. The traditional view of agnosia is that 
Ration* of the affected sense-modality, although 
a in themselves, fail to arouse the complex 
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of memory-images essential for the identification 
of the object. The failure is said to be due to de- 
struction of associative center* or pathways. It is 
thought that the lesion should involve the cortex 
adjacent to the primary projection area, or sub- 
cortical tracts issuing from this area. 

This view of the nature of agnosia, and of the 
locus of lesion on which it depend*, has not been 
universally accepted. Such a concept implies a the- 
ory of perception which is of philosophical rather 
than empirical origin. Perception is considered di- 
visible into lower and higher aspects; crude sensa- 
tions are thought to he the elements from which 
apperceptions, or conscious ideas, are compounded. 
Parallel to this psychological theory, and pat- 
terned after it. is the anatomical scheme of primary 
receptive center*, subserving the low T er aspect* of 
*en*ation. flanked by a multiplic ity of separate co- 
ordinal ive center*. subserving specific aspect* of 
conscious experience. A focal lesion involving a co- 
ordinative center or it* connection* would therefore 
be expected to produce a specific agnosia. Ade- 
quate empirical support for this theory i* larking. 
Agnostic* defects are ii'-ually variable and transi- 
tory. and the lesion* found po«t mortem are gen- 
eral Iv widespread and ill-defined. See Perception. 

The claim that the phenomena of agnosia are not 
explicable hv impairment of sensibility or of some 
general intellectual capac ity ha* been questioned. 
Neurological examination mav not detect sensorv 
i hange* whic h interfere with recognition, for ex- 
ample. such examination may fail to reveal abnor- 
mal spread and persistence of sensation*, lability 
of threshold", and acuity changes under unfavora- 
ble condition*, l ikewise, informal contact or psy- 
chometric examination may not reveal intellectual 
c hanges which are especially relevant to the proc- 
ess of recognition in a particular sense-modality. 
Specialized te*t*. built around definite hypotheses, 
are needed. Empirical definition of the function 
impaired is a necessary prerequisite to an under- 
standing of the processes underlying agnosia. See 
Learning theories; Memory. [j>e. ] 

Agricultural chemistry 

The science of chemical compositions and changes 
involved in the production, protection, and use of 
crop* and livestock. As a basic science, it embraces 
all the life processes through which man obtain* 
food end fiber for himself, and feed for his ani- 
mals. As an applied science or technology, it is 
directed toward control of those processes to in- 
crease yields, improve quality, and reduce cost*. 
One important branch of it. chemurgy, is con- 
cerned chiefly with utilization of agricultural prod- 
ucts as chemical raw materials. See Chemi'Rgy. 

Scope Of field. The goals of agricultural chem- 
istry are to expand man's understanding of the 
causes and effects of biochemical reactions re- 
lated to plant and animal growth, to reveal oppor- 
tunities for controlling those reactions, and to de- 
velop chemical products that will provide the 
desired control. So rapidly has it progressed that 
“chemicalization" of agriculture has come to be 
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regarded as a twentieth-century revolution. Aug- 
menting the benefits of mechanisation (a revolu- 
tion begun in the mid-nineteenth century and still 
under way), the chemical revolution has advanced 
fanning much further in its transition from art to 
science. 

Every scientific discipline that contributes to 
agricultural progress depends in some way on 
chemistry. Hence agricultural chemistry is not a 
distinct discipline, but a common thread that ties 
together genetics, physiology, microbiology, ento- 
mology, and numerous other sciences that impinge 
on agriculture. Chemical techniques help the ge- 
neticist to evolve hardier and more productive 
plant and animal strains; they enable the plant 
physiologist and animal nutritionist to determine 
the kinds and amounts of nutrients needed for op- 
timum growth; they permit the soil scientist to de- 
termine a soil's ability to provide essential nutri- 
ents for the support of crops or livestock, and to 
prescribe chemical amendments where deficiencies 
exist. See Fertilizer; Soil. 

Chemical materials developed to assist in the 
production of food, feed, and fiber include scores 
of herbicides, insecticides, fungicides, and other 
pesticides, plant growth regulators, fertilizers, and 
animal feed supplements. Chief among these 
groups from the commercial point of view are 
manufactured fertilizers, synthetic pesticides (in- 
cluding herbicides), and supplements for feeds. 
The latter include both nutritional supplements 
(for example, minerals) and medicinal com- 
pounds for the prevention or control of disease. 

To supply chemicals for agriculture, sizable in- 
dustries have developed- Total sales of manufac- 
tured fertilizers in the United States topped $1,- 
000.000.000 in 1952; they have continued to climb 
since and are expected to exceed $2,000,000,000 
by 1975. For this annual expenditure, farmers re- 
ceive over 25.000,000 tons, analyzing on the average 
about 32% primary nutrients. 

Sales of pesticides (including herbicides) for 
farm use totaled about $285,000,000 at the manu- 
facturer's level in 1960. This figure also is increas- 
ing rapidly; one authoritative estimate made in 
1958 places sales for 1975 at about $1,000,000,000. 
See Herbicide; Pesticide. 

Important chemicals. Chemical supplements for 
animal feeds may be added in amounts as small 
as a few grams or less per ton of feed, but the 
tremendous tonnage of processed feeds sold, cou- 
pled with high unit value of some of the chemical 
supplements, makes this a large market. Adequate 
statistics are not available, but sales of chemical 
supplements for feeds total many millions of dol- 
lars a year. See Animal-feed composition. 

Of increasing importance since their commercial 
introduction have been chemical regulators of 
plant growth. Besides herbicides (some of which 
kill plants through overstimulation rather than di- 
rect chemical necrosis), the plant-growth regula- 
tors include chemicals used to thin fruit blossoms, 
to assist in fruit set, to defoliate plants as an aid 
to mechanical harvesting (see Defoliant), to 


speed root development on plant cuttings, and to 
prevent unwanted growth, such as sprouting of po- 
tatoes in storage. 

Striking effects on growth have been observed in 
plants treated with gibberellins. These compounds, 
virtually ignored for two decades after they were 
first isolated from diseased rice in Japun, attracted 
widespread research attention in the United States 
in 1956; first significant commercial use began in 
1958. The gibberellins are produced commercially 
by fermentation in a process similar to that used to 
manufacture penicillin. .See Gibberellin. 

In the perennial battle with insect pests, chemi- 
cals that attract or repel insects are increasingly 
important weapons. Attractants (usually associ- 
ated with the insect's sexual drive) may be used 
along with insecticides, attracting pests to p«j. 
soned bait to improve pestiridal effectiveness. Of 
ten highly specific, they are also useful in insect 
surveys; they attract specimens to strategically |<>. 
caled traps, permitting reliable estimates of the 
extent and intensity of insect infestations. 

Repellents have proved valuable, especially in 
the dairy industry. Milk production is increased 
when cows are protected from the annoyance of 
biting flies. Repellents also show promise as aids 
to weight gain in meat animals and as deterrent** 
to the spread of insect-borne disease. If sufficient l\ 
selective, they may protect desirable insect specie* 
(bees, for instance) by repelling them from in 
secticide-treated orchards or fields. 

Agricultural chemistry as a whole is constantly 
changing. It becomes more effective as the total 
store of knowledge is expanded. Synthetic chemi- 
cals alone, however, are not likelv to solve all the 
problems man faces in satisfying hi»* food and fi- 
ber needs. Indeed, many expert- are corning to tin* 
view that the greatest hope for achieving maximum 
production and protection of crops and livestock 
lies in combining the best features of chemical, bi- 
ological, and cultural Approaches to farming. Srr 
Agricultural science (animal); Agriculture 
science (plant); Agriculture. f r.n.h. ! 

Agricultural engineering 

That branch of engineering which deals with the 
physical problems encountered in the preparation 
of land and the production, storage, and processing 
of agricultural produce. The major divisions of 
agricultural engineering are power and machinery, 
farm structures, electric powet and processing, and 
soil and water conservation. 

Power and machinery. This division is prima- 
rily concerned with crop production, from tillage 
through harvesting (see Agricultural soil and 
crop practices). 

Farm mechanization is largely responsible for 
the fact th.it whereas 50 years ago one farm worket 
supported only 7 people, now, by the aid of modern 
power and equipment, he supports 20 people. Dur- 
ing this period, animal power has been almost com- 
pletely replaced by tractors and electrical forms of 
power (see Agricultural machinery; Ru raI ' 
electrification). Late wet springs, which mean* 
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'iTtdin crop failure in the davs of horse farming, 
.nr nu lunger dreaded iikm farmers bine 

trimigh reserve tractor power to plow and plan! 
ilieii i tops in I or 2 week*' of good weatlier l .see 
I it \i mill In addition. trmfnis hast* made possible 
»h«* iiiecli.mi/alion of mans' harvesting operations 
i \ do* use ot new Ispes ol Machine*. The pitrlifoik 
1..1- been leplaeed in grain liars eating I »\ the c orn- 
!<iiie and in having operations bv the automatic 
field halei and the foiage c hofiper » Fig. li. (lorn 

j. tker- have completely lepl.ned hand husking, 
uul pi< kei ■«. ami sf 1 1 ppers are being substituted for 
ii'iHil pi< king ol totion on all hut the smallei a* re- 
iu»‘s. Digging ma< hint's have laigelv super -edcd 
h m«l labor in harvesting beefs and potatoes. The 
nm fi.iui/at ion t»| vegetable and fruit harvesting 

k. 's lagged bet ausr ol file spec iali/ed require- 
ment* and limited market for machine* lor these 
I'lrpttses. but t»nnms»ng adv am t's have been made 
'■! ill** met lianieai harvesting of asparagus, grapes. 
Mspheiries. « in nmhers. and various tree ami vrg- 
•f.ilile , rops. .s rr Fhih ukui; I'm tr i.hohim. 
'^msi.i i : Vi u i mu k uiovmm,. 

I hr general trend is toward more powerful Irac- 
,Mrfc and larger machines to further reduce labor 
H‘»|uirements. Ifetter traetion anti tractive elfi- 
• lent v (ratio of available drawbar power to engine 


.""wen are being secured b\ improved tires and bv 
f'»ir-wher|. drive trarfors. Field fielleting of hav t<» 
ffilut e storage volume and to facilitate mechanical 
Entiling is being done to increase animal utilim- 
ii‘»n of hay as feed. 

Farm structures and crop processing. The 

M<b of farm structures, electric power, and pror- 
* Kw,n K nre associated with farmstead functions 
^ ^ as Ihe drying, storage, and processing of 


•rop^ and the production of various tvjpe* t»f live- 
s,( “ ^ ^rtifi«*ial drying of crops to reduce the niois- 
l,ln ‘ content to a safe-storage point without dr- 
M ntfmg on the weather is hemming common 
[J-i- Hay is harvested after partial drying in 

■•ithe l ** completed in the mow 

lf *r *>y ventilation with natural air or. in batches. 
Us «*of heated air. Wheat and other grains can be 


harvested earlv (when high in moisture I with re- 
duced shatter loss, and then dried for safe storage 
Iacc (iHmv « Hops j. This is particularly advarita- 
gcruis m humid sections where wet weather max de- 
lav harvesting (Fig. 2l. Harvesting of i orn bv 
pi( ker-shellers or combines also requires its drving 
because the safe-storage moisture content for 
shelled corn is often not attained in the field. 
Forced ventilation of large masses of stored grain 
bv using small blowers to control air movement 
within the grain helps prevent spoilage due to 
moisture migration and concentration. 

Crop storage stnictures are being designed as 
part of integrated *v steins for mechanic allv remov- 
ing feed from storage, grinding and mixing it. 
and transferring it to the feed hunk or self-feeder. 
In manv eases, animal shelter struc tures are part of 
the* sv stein. For loo-e housing dairv setups, hav 
storage is combined with the shelter, and grain 
storage is associated with the milking parlor in 
w hieh bate lies of tw'o to eight cows are fed concen- 
trates and mechanic alh milked (.vee Cvmt cho- 
im t i ms, nviin; Dmky mamiimkv; Miiki. In 

bec*f cattle feeding, the* feed bunks arc* filled bv 
a conv ev or s\*tem or by a power-unloading feed 
wagon for large operations i .see Cath.k rRonn • 
iiov Bit.fr I. Silage is stored in round tower-tv pe 
silos and removed bv automatic unloaders. or put 



Fig. 2. Grain dritr. (Aaravent Fon and Equipment, 
Inc,) 
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in trench or bunker horizontal silos and removed by 
tractor loaders or by cattle self-feeding through a 
movable gate. Hogs are often fed from self-feeders 
which hold at least a week's feed and are refilled 
by a power- unloading wagon (see Swiss k produc- 
tion). In all cases, automatic watering and me- 
chanical manure-handling are essential parts of the 
integrated material-handling systems for process- 
ing, storing, and feeding which are needed to mech- 
anize farm operations. 

Electricity, now available on almost all United 
States farms, is the accepted source of power for 
farmstead operations because of the ease of control 
and the reliability and low-opcrating-rost of elec- 
tric motors. Conventional wood buildings are being 
replaced by low-cost pole structures and by pre- 
fabricated steel buildings. Continued rapid changes 
are likely in farmstead structures and equipment. 
See AGRic.ri.TrRE t structure*). 

Soil and water conservation. Soil and water 
conservation came into prominence with the estab- 
lishment of the Soil Conservation Service in the 
tL$. Department of Agriculture in 1935 lace Sou. 
conservation: Water conservation!. This field 
is concerned primarily with water conservation, ir- 
rigation. drainage, and soil erosion control. See 
AGRICULTURE (DRAINAGE); iRRlCAltON Ol r < BOP*. 
Research findings of the SCS and the slate agricul- 
tural experiment stations with respect to water re- 
quirements of plants 1 see Plan I. water rela- 
tions ok), irrigation efficiency, movement of water 
through soils, mechanics of erosion, tillage methods 
to reduce erosion, and many other subjects have 
been carried to farmers who, as a result, have re- 
duced erosion and increased yields through better # 
fanning practices ( Fig. 3) . 

Training and fields of work. Training and edu- 
cation leading to a Bachelor of .Science degree in 
agricultural engineering is available at most state- 
supported land-grant colleges and universities. The 
curriculum usually includes the basic courses in 
mathematics and engineering sciences required of 
all engineers, basic courses in general and agrirul- 



Fig. 3. Sprinkler irrigation system. Diesel D 318 en- 
gine powering Berkeley irrigation pomp, pumping ap- 
proximately 1400 gal of water per minute through 
1520 ft of 7-in. line, 1200 ft of 6-in, line, and 1040 ft 
of 5-in. line an 300 acres, mostly in tomatoes, nwor 
Donna, Texas. ( Photograph by Cater piHor, Peoria, llli* 
noit) 


tural sciences and specialized courses in the various 
fields of agricultural engineering. See Agricul- 
tural science (animal); Agricultural scikno 
(plant). 

Agricultural engineers are well fitted for r<*. 
search, development, or design work with manufac- 
turers of farm equipment and buildings or fin- 
sales and service work in the farm equipment in. 
dustrv. They are also employed by the electric 
power industry to provide technical help to farm- 
ers on problems involving the use of electricul en- 
ergy. 

Many agricultural engineers ure employed | )N 
state colleges and universities and bv the II.S. I),.. 
purtment of Agriculture. This work may br in 
teaching, research, or extension (carrying the re 
suits of research directly to the fanner and aiding 
in their practical application). A high proportion 
of agricultural engineers are so employed, ami 
their dove association with other agricultural 
ueers in industry often leads to rapid applit .ttinr, 
of research findings to the design of faun equip 
merit, \fanv agricultural engineers are serving 
consultants in foreign countries that are Mrlting 
to improve their agricultural prodtn lion. 
Cooperation with other technicians. Th,* u,\ t \ 

of agricultural engineering is notable fi.r the uufi 
scope of problems encountered and the need ti>i ( , t 
operating with specialist* in related field*. F..» » \ 
ample, successful me* hani/ed hanesfing ,,f rul f 1)r 
required that breeders produce plant* of a partu 
ular height, that agronomists develop new iiillui:,; 
practice*. that chemist* formulate defnli.ihi!,. 
agents isee Ihfrot.lAMI, and that agrfi tihtirul »■?• 
gineers design a practical picking nun him* and .i 
new type of ginning equipment. See Biohxv 
Iplami: fioiToN. I he designer of farm eqiir 1 
merit often utilizes complex hydraulic coni rob d 
t eloped by a specialist in that field in the dr-^i 
ing of his own machine and .subjects bis rniuliw 
to stress analysts by the une of a strain gage »1 
signed by a third engineer. The problem of •« 
compaction bv tractor* and field mar bine* make* 
necessary to consider tire efficiency in rarrun 
loads and applying tractive effort , changes in *>»* 
mechanics, and effect* on plant growth. See I*l an 
growth; Soil memianh*. I cm 

Hihliography : H. F. McGdly and J. W. Martin 
Introduction to Agricultural Engineering, 1955 

Agricultural machinery { 

The (tower and equipment uaedrin agricultural pn* 
duet inn. Power for field work i| furnished by tra< 
tors f Fig, 1 i. Tillage tool* hijcI| a* plows. harro*« 
and cultivators require that thfi tractor exert 
live effort to pull them througlf the soil Iter Auw 
CULTURAL SOIL AND CROP PM <;T,c:K! * » TRACTOR* 

Harvesting machines usually have rotating 
ments operated by the tractor power take-off*™ 
they are pulled or carried acroi* the field *’ 
Some large complex harvesting machines. * u< _ 
combines, arc mounted on their own wheel 1 * an 
self-propelled by the engine which 
working parts (Fig. 3), 
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Variation from other machinery. Field muchim 
t . rv is differentiated from many other types of 
equipment hy the necessity for mobility, low cost, 
and the ability to perform in a variety of eondi- 
In crop production the machine corner to the 
wo ik rather than vice versa. It must have its own 
wheels or he carried hy a tractor. The weight 
4, 4 ,ii!d ordinarily he kept at a minimum to miner 
i fa iisporl |Hiwer requirements and soil compaction, 
because of the nature of crop production. manv 
machines are used only a few days per vear. Oh-n- 
Ir-t-cnce may limit the nuinher of year- of use so 
that it i* not economically -ound to huild to the 
durability standards reipiired of a machine tool, 
iui instance. Often a life expectancy of 2000 
hour" i- adeipiale and the designer uirns for tfie 
lowest cost construction which will give f hi- life. 
M:in> model- are produced in volume* of |r— than 



F»q 1 Troctor and plow. {International Harvester 

{ onpony} 




Fig. 3. Self-propelled combine. < John Deere, Moline, 
Illinois) 


>000 per \ ear . making the economic t>|M» of con- 
struction much different from automobiles and 
other machine- which are produced h> the hun- 
dred^ of thousands. 

I he \ai iabilil \ of operating condition- i* greater 
than for almost an* other type of equipment. In ad- 
dition to -oil and climatic differences, variations in 
‘ ro P prow l h and -oil condition- from one season to 
another arc often extreme, making the design and 
tr-ting of a new rmnhine a formidable problem, 
u-uallv requiting several years of development. 

Work capacity and use cost. The capa< iu or 

late of work of fi eld mat bines depend- on operating 
width. |»eed of travel, and percentage of nnnop- 
eiating time. Held speeds are usually between 2 
and (i mile- per hour, depending on the power 
available, prrci-rne— of -leering nece—arv, and 
roughnr— of the ground a- it affects riding com- 
fort. Nonoperating time due to idle travel, such as 
adding -red and fer» ? i/er. unloading, clogging, 
mamtenuiii e. and repa < range- from 10 to !0' ; of 
the total time, 

G*-t of u-e of h:-m machinery i- a function of 
depreciation <due to wear and oh-olescence I . re- 
pair- and fixed charge- for intere-t. housing, taxes, 
and in-urame. \ ariou- machines have an expected 
life ranging from 1000 to 2500 hours with complete 
obsolescence expected in 10 20 vear-. Annual costs 
varv with the tvpe of machine and the amount of 
u-e hut often average l.V'< of the new cost. 

Selection of agricultural machinery. Power and 
equipment for a particular fa m should he -elected 
to giv< he lowest total co-t of production per unit 
of product. Fxtra capacity over that needed to gel 
the job done on time in the average vear increases 
imwer and equipment cost but it mav pay for it-clf 
in the saving of labor and crops in an adverse year. 
A detailed onalvsi- should lie made of the work to 
be done, the time required at each season, the ex- 
pected range of time available, and the estimated 
net costs of production with each of the various 
power and equipment setups*, since power and 
equipment investment is often the largest single 
item in the exist of crop production. «$ee Acittcr.i.- 
tihul raumiciii*!;. I <*-•*•*• 1 

Bibliography : R. Bainer et ah. Principles of 
Farm Machinery^ 1955. 
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Agricultural meteorology 

The study and application of relationships between 
meteorology and agriculture. It involves simple con- 
cepts such as timing the planting of crops to avoid 
damage from freezing temperatures and more com- 
plicated problems such as the combined effects of 
temperature and humidity in producing an out- 
break of a disease such as potato blight. See Crow- 
ing season. 

Here, meteorology is used in its broadest sense 
to include observing, reporting, and forecasting 
day-to-day variations in weather, as well as the 
study and use of past climatological data. Agricul- 
ture includes all farming, ranching, orchard, nurs- 
ery. and forest n operations concerned with the 
production, hanesting, processing, and shipping 
of foods, fibers flowers, leather, and lumber. Pro- 
tection from and control of plant and animal di- 
eases and insect pests are also included. 

Major participating agencies. The US. Depart 
ment of Agriculture and the stute agricultural col- 
leges and experiment station** are active in research 
in this field. The U.S. Weather Bureau assist* in 
many of these projects, operates various service 
programs, and conducts research through coopera- 
tive agreements. 

International cooperation and exchange of infor- 
mation are carried out through the Commission 
for Agricultural Meteorology (CAgMl of the 
W* Id Meteorological Organization I VMOi. Thi- 
commission promotes meteorological development 
and standardizes methods, procedures, and tech- 
niques in the application of meteorology to prob- 
lems in agriculture. 

Microfocus of investigation. Microclimatologv * 
is of major importance in the study of agricultural 
meteorology The interrelationships of climate and 
soil and the many important phenomena involved 
in the interchange of heat and moisture at the air- 
soil interface are of critical importance to vegeta- 
tion and animal life in the biosphere. See 
TOLOCY ; MlCROMKT EOROI.OGY. 

Water and moisture problems. Water is often 
the most critical limning factor in food production. 
More than 25.000.000 acres of land is irrigated in 
the United Staten. Much of this is in arid regions 
of the Went and Southwest but a surprisingly large 
and increasing amount is in the more humid Fast. 

Moisture is withdrawn from the soil by direct 
evaporation from the soil surface and by transpira- 
tion through the plants. The first process is capable 
of quickly drying a shallow surface layer of soil 
and, in hot summer weather, the water from brief 
showrers can be removed by evaporation before it 
can enter the root zone. Transpiration removes 
moisture from the soil layers penetrated by roofs. 
See EvAPOTVtANSPIRATION. 

The rate of loss by both processes fevapotranspi- 
ration) is closely related to the energy available 
for evaporation. Sunshine and temperature are used 
as indicators. Wind and humidity are also critical. 
Evapotranspiration rates of 0.25-0.30 in. /day are 


not uncommon during warm .summer seasons. Sev- 
era! methods have been suggested for computation 
of these rates from meteorological parameters. 
None has been completely accepted but several 
give approximations useful in determining irrigu. 
lion requirements. 

Precipitation data for agricultural planning in- 
elude more information than simple monthly ami 
unnual average amounts. The range and the frt> 
quenev distribution of various amounts about ih f - 
mean are necessary in planning land use and crop 
risks. The duration and frequency of drought pr 
riods arc needed in planning potential irrigation 
requirements. 

Temperature factors. Temperature, both of til., 
air and the soil, is an important factor in agrnul 
tiiral meteorology. The length of growing season 
and the average temperature during the season „f 
ten determine the choice of crop specie* or vurieu 
Sugar cane requires temperatures high enough ti. 
permit rapid growth for at least H months. Hire r , 
quires a warm moist environment with mean t<n 
peratures of 70 ’F or higher for -t 6 month*., < 
requires warm summer months (75 HO T ), a |. fIlj> . 
i 180 200 davst growing reason, and warm -umi'. 
days during harvest. Corn is considered to he «,» 
tropical origin hut varieties have been develop'd 
for widelv differing climates. However, the prin. . 
pal corn belt lie* in a region having warm Mirmnrr 
months (70 HO Ft and a growing season ot Un 
160 davs. Wheat prtMluclinii is divided into wintn 
wheat and spring- wheat area* l.irgelv on the lu- 
of the severity of the winter 

The frequency and duration of freezing temper.! 
tures at certain seasons are i»f i ritual important- 
in manv areas. The 1 .S. Weather Bureau operjti- 
loeali/ed frost-warning service* m winter • itru* 
and trurk-pmdtu ing areas nf Florida and r..ilii*«r 
nia, in apple and other fruit regions of Wj^hm^if 
and Oregon, and in summer in < farther r\ ;m <i- 
Wisconsin and Massachusetts. 

The temperature range of f>0 tto F is opt inn.” 
for milk production in dairy cattle. At B.VF. jn 
duct ion is reduced bv a* much as 25 f ; . and at f 
it is reduced 50' * . Hogs gain little or no weiglii «»’ 

90 F. \t 95 F or higher, fattened animal* l is ' 
weight. When high temperature* are expected. Ik 
shipments are postponed or arrangements are iiud** 
for artificial cording en route. 

Diverse responses fo weather. It is difficult 

generalize in agriculttiral meteofologv. Specie* am 
varieties of crops and breed* <|f animal* all l |d '’ 
their own peculiar response* In weather fa <Ior ' 
Effects are often cumulative. Many special p r " 
lem* are isolated and studied sej&iratclv- 

Maleic hydrazidc f MH-301 $art* a P r<,w, ‘ 
regulator on wime plant*. Used! a* a *prav. it ,,,r ' 
trok the growth and development of dicker* « ,f j 
tobacco. runner* on utrawberfie*. branrhr* ^ 
shoot* on tree*, and new growth in gra***^- 
ity of plant* and the weather (mottfure. 
ture, sunshine | during a period following *PP ^ 
tion are important in determining final effect!** t* 



Much experimentation is lieing concentrated on 
thi» and similar problems to determine optimum 
spraying weather conditions. 

Rapid increases in the use of aircraft for agri- 
cultural purposes have brought new meteorological 
problems. Weather reports and forecasts are needed 
to determine optimum times of application for con- 
trol of diseases, inserts, and weeds, and aUo to 
determine conditions of wind, visibility, and tem- 
perature for Mife, effective operation of airnaft. 

Potato blight, a fungus disease caused l»v I'hy- 
lophthora infostans. occurs in -eriou- to epidemic 
outbreaks in many areas. It ran be cnnl tolled by 
graving above-ground plant parts with a fungi- 
cide blit economical and effective protect ion de* 
pends upon application at the right time. If too 
mrlv. it wastes the sprav and permits new un- 
pmtected growth to be exposed to later infer tions. 
(t too late, the ci op tnav be lost. Timing i- based 
,.n certain ciitjcal combinations of temperatures 
.md moisture whir It favor spore germination. Spe- 
, nil warning *ervn es are developed to a**i*t farm- 
ers in timing their sprav mg programs. 

In the forests there are rnanv *pe« ia f problems, 
forecast services are established to warn of low 
Inmiiditv. high lempei-iftu ami winds which favor 
tl>»’ outbreak and rapid spread of fires, foic-t in 
1 pests arc favored hv certain weather < ondi- 
'iDiis for example, the sprui r budwoim emerges m 
l.irgcst numbeis alter a -tmwv told winter which is 
■ t M||..wcd hv a wanning petiud with rain in the 
-i-img. 1 he tent •ateipillar is favored hv a warm 
* aimv spiing followed hv warm humid weather. 

Principal technical literature. The sources of 

Ii'cr jture references and reports on recent work in 
urn ii It ii r . 1 1 meteorojngv in the I nited ’states are 
v.c.cd and numerous Publications ,»f the \meri« an 

Mi'teof ologji al Sw idv and the l s We.ithei Hu* 
'.•A** as well as the Iuouid/jo Journal . the Soil 
K i> to .Sn/jeM of f*t oorodrngs. AgriruJ- 

■ o</ frigruer/ing, Imrn* tin (iotrphysi* a! Enron 
I n:u\urti$tns. and the Journal of Attn* uliutal Ro 
"io /» are examples. w.u.] 

/f;/»/n>g/7i/dn : CMtnair and Man . 1 s *|) \ Aear- 
\gr , PHI; J. W. Mnilli. 1 pm ulturni Motr- 
ihr Effort of Of rathrr on Crops* P>20; 
^ Meffermi leif.t. Ifatrr. I S|)\ Yearbook Agr.. 
\ True, A History of 1nri< ultutal E xpor 
nttrtwn and Rosrrtn h in tho Cnitod Statos 
! ' ,n: 1 SDA Miv. Puld 251. PM7 

Agricultural science (animal) 

II' 1 ’ •' wh r khirli ilrali with thf* Itrrwl- 

'■‘K imtri.inn. and management of domestic ani 
111,1 ' **' onormcal production of meat. milk. 

hides, and other animal product* (see 
fM.rvKrHIM.i LtATHItt AND H it |*Rn» rss|\<; ; 
f t ' 1 ‘ M° r *e«! for draft and pleasure and bees 

v " n ! x P rn dm*tion may also be included in this 
Ik "ii). he iftoditrtion of bee*. beef and dairy cat* 
uude.% sheep and goals, swine, and 
,, H| »'h art * rovw< l i*t separate articles under their 
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When primitive man first domesticated animals, 
they were kept as means of meeting his immediate 
needs for food, transportation, and clothing. Sheep 
probably were the fust and most useful animals to 
be domesticated, furnishing milk and meat for 
food, and hide* and wool for clothing. 

As chemistry, physiology, anatomy, genetics, nu- 
trition. parasitology, pathology, and other sciences 
dev eloped, their principle* were applied to the field 
of animal science. Since the beginning of the twen- 
tieth lenturv. great strides have been made in live- 
k production. 'Inday. farm animals fill a highly 
important place in the life of man. They convert 
raw materials, such a* pasture grass*** which are of 
I it l Ii* use to man as food, into animal products hav- 
ing nutritional values not directly available in 
plant pioducts. In the ( nited States the animal in- 
dustrv produce- about n.V; of the annual cash farm 
income. 

Ruminant animal- ithn-e with four stomachs, 
'•m h as cattle and sheep! have the ability to cun- 
Mimt* large ‘plant it if - of roughages because of their 
pariu ii la i tvpe oi dige-tive -v stern. They al-o con- 
'ume large tonnage- of grain*, as well as mill 
feed*, oil weed meal-, and other materials not suit- 
able for human food. K*timate- show that in the 
l mted Male- on januarv 1. 1% ( >. there were ap- 
pro\imate|\ 'IS.OOO.OOO head of cattle and calve* 
and .{().< NMJ.lNMI head of sheep. Estimated fecil con- 
*umptioii in the ]6;*8 IOFiO feeding *cas«»n wa- dairv 
cattb' 2.VH l.(NK) tons of feed, beef cattle 18.644.000 
t»»n*. and *heep and lainh* 816.000 ton-. During thi- 
-ame feeding period, it wa- estimated that 100.874.- 
0<MI hog- would ion-ume SI. 486.000 tons of feed, 
and the 2 <HMI.000.000 chicken- and turkeys 28.- 
ool oou 

H t l.n t- of the jiumjI industry furnish raw ma- 
terial* h»r rnanv important processing industries, 
-uch a* meat packing, dairv manufacturing, poul- 
trs proces-mg. t vtile production, and tanning. 
Manv service* are ba*cd on the needs of the animal 
indu-lrv, m« hiding livestock marketing, milk deliv- 
eries. poult rv and egg marketing, poultrv hatch- 
cne-. artificial insemination service*, and veteri- 
narv -crviic*. Thu*, aninul science involve* the 
applnation of scientific principles to all phases of 
animal production, furnishing animal products ef- 
tnicntlv and abundantly to « on*umers. 

Livestock breeding. 'IT » breeding of animals 
began inm-ands of year* ago. Soc Rkkkdim. Iani- 
m a i K During the la*t half of the nineteenth cen- 
lurv. bve-tiM-k breedeis made increasing progress 
in producing animals better *uited to the needs of 
man by *implv mating the best to the best. How- 
ever. in the twentieth centurv animal breeders be- 
gan to npplv the scientific principles of genetics 
and reproductive phv-iologv. Much of the progress 
made in the improvement of farm animals has re- 
Milted from selected mating^ has«*d on knowledge 
of IhhIv tv|»c or conformation. Some breeders of 
dairv cattle and of fmultrv make use of production 
rei ords, or records of performance. Some of their 
breeding »»lans are ba*ed on milk fat production or 
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egg production as well as on body type or confor- 
mation. The keeping of poultry and dairy cow pro- 
duction records began in a very limited way late in 
the nineteenth century. The first Cow-Testing As- 
sociation in the United States was organized in 
Michigan in 1906. Now over 1,500.000 cows are 
tested regularly in the United States. Although in 
use since the 1930s, record-of- performance tenting 
in swine, sheep, and beef cattle received relatively 
little attention until recently. 

Breeding terminology . A breed is a group of ani- 
mals that has a common origin and possesses char- 
acteristics that are not common to other individuals 
of the same species. 

A purebred breed is a group that possesses cer- 
tain fixed characteristics, such as color or mark- 
ings. which they transmit to their offspring. A 
record, nr pedigree, is kept which describe- their 
ancestry for five generations. Associations have been 
formed by breeders primarily to keep records, or 
registry books, of individual animals of the various 
breeds. 

A purebred is one that has a pedigree recorded 
in a breed association or i* eligible for registry by 
such an association. A grade is an individual hav- 
ing one parent, usually the sire, a purebred and the 
other parent a grade or scrub. A scrub »* an in- 
ferior animal of nondescript breeding. A hybrid is 
one produced by crossing parent- that are geneti- 
cally pure for different specific characteristics. The 
mule ;s an example of a hybrid animal produced 
by t tossing two different specie-, the American 
Jack. Fquus asinus, with a mare. Fquus t ahull u. s. 

Systems of breeding. The modern animal breeder 
has genetic tool- which he may apply, *u< h a- se- 
lection and breeding, and inbreeding und outbreed- 
ing. Selection involves directly the retaining or 
rejecting of a particular animal for breeding pur- 
poses. being based largely on qualitative charac- 
teristics. Inbreeding is a system of breeding re- 
lated animals. Outbreeding is a system of breeding 
unrelated animals. When these unrelated animals 
are of different breeds, the term crossbreeding i* 
usually applied. Crossbreeding is in common use by 
commercial swine producers. Between 80 90'*; of 
the hogs produced in the Corn Belt states are now 
crossbred. Crossbreeding is also used extensively 
by commercial sheep producer*. 

Grading-up is the process of breeding purebred 
sires of a given breed to grade females and their 
female offspring for generation after generation. 
Grading- up offers the possibility of transforming a 
nondescript population into one resembling the 
purebred sires used in the process. It is an expe- 
dient and economical way of improving large num- 
ber* of animals ( .fee Genetics ) . 

Formation of new breeds. New breeds of farm 
animal* have been developed from crossbred foun- 
dation animal*. Cornedale. Columbia, and Targhee 
are examples of sheep breed* developed from enww- 
bred foundation*. The Santa Gertrudi* breed of 
beef rattle was produced by eroding Brahman and 
Shorthorn breed* on the King Ranch in 7Vxa*. Sre 
Cattle rnonrcrioN. beep; Sheep. 


Artificial insemination. In this process sperma- 
tozoa are collected from the male and deposited in 
the female genitalia by instruments rutlier than by 
natural service. In the United vStatcs this practice 
was first used for breeding horses. Artificial insenii 
nation in dairy cattle was first begun on a large 
scale in New Jersey in 1938. In 1958 over 6,000.000 
cows were bred artificially in the United Stalls 
Freezing technique.- for preserving and storing 
spermatozoa have been applied with great success 
to bull semen, and it is now possible for oul stand- 
ing bulls to sire calves years after the bulls have 
died. 

Livestock feeding. Scientific livestock feeding in- 
volves the systematic application of the principle, 
of animal nutrition to the feeding of farm aninuil* 
The science of animal nutrition lias advanced tap 
idly since 1930, and the discoveries are being utj 
lized by most of those concerned with the feeding 
of live-tock. The nutritional needs and re-ponses of 
the different farm animal* vary according to tin- 
function- thev pel form and to diflriom es in tin 
anatomy and pliv*iologv of their digestive *\*tc!ii'- 
Likewi-e. feed*tnffs varv in u*efulne*s depending 
upon the time and method of harvesting the flop 
the method* employed in dmug. preserving, mi 
processing them, and the form- in which thev ,< r.- 
offered to the animal* < onsuming them. 

Chemical composition of feedstuff s. Tlu v.m 
on* chemical compound* that are contained m ,o»i 
mal feed* have been divided into group* lulled in. 
trients. These in< hide protein*, fat*, rnrhohwit it**, 
vitamins, and mineral mattei. 

Protein* are made up of amino* acid*. Tueh* 
amino acid* are essential tor all nonrummant in. 

, rtial- and uiu*t he supplied in their diet*. 

Fat* and carhohvdrate- provide tnaiulv eneig\ 
In most case* thev are interchangeable a* nj. i,.» 
source* for farm animal*. Fat- funii*h 2 2r> limes 
a* rnu< h energy per pound a* <|o car hohvdi ,it»'* I" 
cause of their higher proportion of carl^ui and in 
drogen to oxygen. 

V itaiuin* that are essential for health and growth 
include fat-soluble A. I), F., and K. and water-*ulu 
hie thiamine, riboflavin, niacin. |>\ rudoxinc. pant" 
thenic at id. and cohalamin. See \nwnv 

Mineral salts that -upplv calcium, pho*ph<»ni- 
-odium. chlorine, and inm are often needed a* ^»ip 
plernent*. and those containing iodine and cobalt 
may he required in certain defrient area*, /tn‘ 
may al*«» he needed in *ome f wine ration*. 

By a system known as the "proximate analv-i-* 
feeds have long been divided in|n six fraction* t* 1 
eluding moisture, ether extract, I’rude fiber. « nob* 
protein, ash. and nitrogen* free e^Jracf. The fir*t h' r 
fractions are determined in the laboratory. Ihe 1,1 
trogen-free extract i- what remains after the P rr ‘ 
cent age *urn of these five ha* bean subtracted 
100 per cent. Although proximate analyst* *enc*- -‘j 
a guide in the classification, evaluation, and u ? * , ‘ " 
feeds, it gives very little specific information al HM,, 
particular chemical compounds in the feed. 

The ether extract fraction includes true 
certain plant pigments, many of which arc 1 



itjiritional value. See Anthocy anin ; Cakotknoid; 
[Im.oRoiMiYM.; Fat and oil, kuim.k. 

The crude fiber fraction in made up of rclIuJoHCH 
and lignin (see Cki.i.iilosk ; Hkmi< km.it.osm. This 
(ruction. together with the nitrogen-free extract, 
makes up the total carbohydrate content of a feed, 
ve f ' aKHOII YDR ATK. 

The crude protein is estimated bv multiplying 
the total Kjeldahl nitrogen content of the feed hy 
the factor 6.25. Thin nitrogen includes main form* 
„l nonprolein as well as protein nitrogen ( A ee Ni- 
ino(.t n ; Phot kin). 

The ash. or mineral mutter fraction, i* deter- 
suined by burning a sample and weighing the re*i- 
.hie In addition to caleinm and other e**eritial 
mineral element*, it includes silicon and other non- 
i**ciiliul element*. Nee Minkkai. 

The nitrogen-free extruct (\FF. ) include* the 
more soluble und the more digestible earholn- 
drales. such as sugurs. starches, and hemiee|bilo*e*. 

\ nfortunutelv. most of the lignin, which i* not di- 
;evtil»le. is included in this fraction. 

Digestibility Of feeds. In addition to theii rhemi- 
i ,d lomposition or nutrient content, the nutritionist 
.iiid li\e*lo< k feeder should know the a\ailal»ilit\ or 
lit \ of the different nutrients in feed*. The 
.{t^ *tihilitv of a feed i* measured b> determining 
t hr quantities of nutrient* eaten bv an animal over 
j pmod •>! time and those recoverable in the fetal 
■rutin. Bv assigning appropriate enetg\ \alue* to 
r he nutrient*. total digestible nutrient* iTI)N i max 
!»•■ < iilnilated. T hese value* haw* been determined 


eid monied for a large nurnbei of feed*. 

Formulation of animal feeds. The nutritioni*t 
tM<l livestock feeder find* TDN value* id great u*e 
.ii flu* formulation of animal feed*. The T DN re- 
j uieinent* f«»r varioii* « la**e* of livestock have 
iieen < aiculatcd for maintenance and for variou* 
i'lMtlm five capacities. Tables of feeding *tamla rd* 
.Mi*i re* ommendaiioii* for nutrient re*|iiirements for 
> ■:» mu* i lasses of livestock are available for u*r. 


Nutritional requirements of different animals. 

Hi** nutritional requirements of different classes of 
•nimal* are pa rt tails dependent on the anatomy 
■uid phv*io|og\ of their digestive svstrin*. Rtiini- 
■•.mis. animal* with four stomach*, can digest large 
-np'ianis of roughages, whereas hor*es, hog*, and 
P‘»wlVr>. with simple stomachs, can dige*l »»nl> lim- 
l,r d dinouni* and require more concentrated feeds, 
■«iuli as ‘cereal grains (see (Iathf. phodi i nov 
M,H ' Pot 1.1 ry FRODt ciioN : Swim. i*r«mm tuon i. 
Microorganisms in the rumen of ruminant animals 
^•ak down or digest cellulose* and heniirelluln*e* 
lri, '> dmple compound* (.«ee CoRVNKn.Ac.Ti ri \< t ak i . 
^ r mnal* with simple stomachs depend on the pro- 
tHn* of feed for their protein requirement*. but 
r »tmii 4 nfs l fln , w simpler nitrogenous Torn pound*. 

lirf, «‘ These are converted into protein* by 

lllr 


funnMi microorganism* and thus become useful 


Ut , * |p aM *mal. A similar situation exist* with re- 


t t*» the water-soluble vitamins which are s>n- 
*»y the rumen microorganisms and are then 
• the host animal. Fabsoluhle vitamins, how- 
' n ' muM he supplied as needed to all farm anb 
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mals because they are not synthesized to any ap- 
preciable extent in the rumen. Although horses 
and mules have * jin pit: stomachs, they have an ex- 
panded large intestine in which bacterial action 
breaks down the celluloses and heniicelliiloses of 
roughages. See Hoksk; Mui.k. 

Livestock judging. The evaluation, or judging, 
of livestock is important to both the purebred and 
the commercial producer. 

Slum-ring judging. The purebred producer usu- 
ally i* much more interested in show-ring judging, 
or plaeings. than is the commercial producer. Be- 
cause of the short time they are in the show ring, 
the animals must be placed on the basis of tvpe or 
appearance |*y the judge who evaluates them. The 
show ring has been an important influence in the 
improvement of livestock by keeping the breeder* 
aware of what judge* consider to be desirable 
tvpe*. The shows have also brought breeders to- 
gether for exchange of idea* and breeding stock 
and have helped to advertise breed* of livestock 
and the livestock industry. The demand for better 
meat-animal carcasses has brought about more 
show* in which beef rattle and swine are judged, 
both on foot and in the earca.**. Thi* trend help* 
to promote development of meat animals of 
greater ran a** value and ha* a desirable influence 
upon *bow ring standard* for meat animals. 

St'lrt fion of animals for breeding. The evaluation 
or election of animal* for breeding purpose* is of 
important e to the commercial as well as to the 
purebred breeder. In selecting animals for breed- 
ing. de*irable conformation or bod> tvpe i* given 
careful attention. The animals are also examined 
carefullv fur \i*ih)c phv*iral defect*, such as blind* 
ncs*. crooked leg*, jaw distortions, and abnormal 
udder* Animals known to be carriers of genes for 
heritable defects. su< h a* dwarfism in cattle. *ltould 
be discriminated against. 

When thev are available, records of performance 
or production should be considered in the selection 
of breeding animals. Some purebred livestock rec- 
ord association* now record production perform- 
ance of individual animal* on their pedigrees. 

(y fading of market rnimals. The grading on foot 
of hog* or cattle for market purposes requires spe- 
cial skill, fn many modern livestock market*, hogs 
are graded a* no. 1, 2. or 3 according to the es- 
timated values of the carcasses. Tho*e hogs grad- 
ing rc> 3 are used to establish the base price, and 
sellers are paid a premium for better animal*. 

Livestock pest control. Control of both external 
and internal parasites i* a very important factor in 
the successful management of animals. Sanitation 
is of utmost importance in the control of these 
pests, but under most circumstance* sanitation 
must be supplemented with effective insecticides, 
ascarieides. and fungicide* (acc Fi ncistai' and 
Ft-NCICIDK ; iNSKCTM IHK : Pr.STICIOE l . 

Internal parasites. Internal parasites, such a* 
stomach and intestinal worms of sheep, cannot be 
controlled bv sanitation alone under most farm 
conditions. Drenching with 25 grams <gl of pheno- 
thiazine per adult sheep ( 1 2 dose for 25- to 50-lb 
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lambs) and continuous free choice feeding of l 
part pheuothia/ine mixed with 9 parts of salt are 
also required. 

Control of gastrointestinal parasites in cattle can 
he accomplished in many areas by sanitation and 
the rotational use of pastures. In areas of intensive 
grazing, animals, especially the voung ones, mav 
become infected. They can be treated with a thera- 
peutic dose of 20 g phenothiazine per 100 lb of 
body weight f hut not more than 60 g per head ) . 
followed by 2 g of phenothiazine per day for a 
month t see Enteric bacilli; Gastroln ikstin xi. 
tract; Parasitology, mkdicxi). 

Control of gastrointestinal parasites in hogs is 
dependent upon good sanitation in all hog lots and 
rotational use of nonsurfaced lots and pastures so 
that hogs are on them only every third or fourth 
year. If hogs become infected, diagnosis ma> be 
made by fecal egg counts or hv slaughter and ex- 
amination of the gastrointestinal tract. The hog 
producer now has a choice of several materials for 
the treatment of infected animals. Sodium fluoride 
is an effective asearicide and ma> be fed as l f " t of 
a dr> ground feed for one dav. The hogs should 
be fed ground feed for a few davs before treatment 
so that they do not overeat the fluoride feed. Piper- 
azine salts are also effective for the therapeutic 
treatment of hogs. Ten grams of piperazine tier 1(H) 
lb of body weight is effective* ami mav be given in 
water or feed. The antibiotic, h\ groin vein fi. rnay 
be ***d at a concentration of 5 lb of Hvgrornix per 
ton of ration up to 100-120 lb hodv weight t.sce 
Antibiotic). 

External parasites. Control of horn flic**, horse 
flies, stable flies, lice, mange, ticks, and flea* on 
farm animals is in the process of rapid change * 
with the introduction of manv new insecticides. 
Such compounds as DDT, Mcthoxvchlor. T«xa- 
phene. Lindane, and Malathione are very effective 
materials for the control of external parasite.,. 
However, the u*e of these materials is restricted to 
certain conditions and classes of animal* by the 
provisions of Public Law SIR. which i* the Miller 
Amendment to the Federal Food, Drug, and Cos- 
metic Act. For example, use of DDT is not per- 
mitted on dairy animal*. Reliable information 
should be obtained before using these materials for 
the control of external parasite*. 

Control of cattle grubs, or the larvae of the heel 
fly, may be accomplished by dusting the backs of 
the animals with a 1.5^ rotenone powder or by 
spraying under high pressure with 7.5 lb of 5 r \ 
rotenone in 100 ga) of water. Three applications of 
spray should be made at 50-day intervals. Trolene 
(Dow ET-57), a new systemic insecticide for grub 
control, has been given approval if used according 
to the manufacturer's recommendation. 

FllftgUS infections. Actinomycosis is a fungus 
disease commonly affecting cattle, swine, and 
horses (see Actinomycosis). In cattle this infec- 
tion is commonly known as lumpy jaw. The lumpy 
jaw lesion may be treated with tincture of iodine 
or by local injection of streptomycin in persistent 
cases (see Iodine; Streptomycin). Most fungus 


infections, or mycoses, develop slowly and follow a 
prolonged course (see Mycology, medical). \ 
veterinarian should he consulted for diagnosis and 
treatment. [a.l.m.] 

Bibliography: H. O. Henderson and P. M. 
Reaves, Dairy Cattle Feeding and Management . 
4th ed.. 1954; W. G. Kainmlade and W. (I. Kairirn- 
lade. Jr.. Sheep Srienve , rev. ed., 1955; D. J. Kay., 
The Horse , 1955; V. H. Morrison, Feeds and Feed 
in g , 22d ed., 1956; S. Sisson and J. D. Grossman. 
The .1 nation \ of the Dornestir Animals* 4th ed.. 
1953; W. R. Smith and L. M. Hutchings, Fork Bto 
durtion . 3d cd.. 1952; R. R. Snapp, Beef C.atth\ 
till ed.. 1952; A. R. Winter and K. M. Funk. Bunt 
try : Science and Bract ice, 4th ed., 1956. 

Agricultural science (plant) 

The plant sciences, both pure and applied. luiv«- 
contributed immeasurably to the development <•( 
agriculture. The greatest advancements have oi 
rurred in those countries where practical appln.i 
lion has been made of tin* ever-increasing kii<»w i 
edge of plant phv*iologv. ecology . morpholngv aillJ 
anatoim. taxonomy, pathnlogv. cytology. genefj, . 
plant breeding ami reproduction, agiomunv. Imrli 
culture, and foie^tiv. Increased production j.m 
man-hour of labor and other significant • Innp*. 
have been due to a number of fm tor* imlix idn.ilh 
and in combination. Some of these fa<toi* an* 
ered in t hi- article under the -ubheading^ m»« !i 
ani/ation; fertilizers and plant nutrition; m-**, n 
rides, fungicide*. and iieniatocide-t ; herbi« id< - 
viru*e*: growth rcgulatoi*; and pitotopn imlion 
Detailed descriptions *if these .ted of the HUM 
important rob-" of the plant -• iem #*- in agiiudMo 
are discussed in separate articles. 

Mechanization. \bout 1 Ht to the gram * r.»«li* 
came into tatber general use in the I'mted s l.it*- 
and some other areas. A good cradler mold • ot 
2 2.5 acres per da\. with another worker to rak' 
and bind the grain. Then the reaper was invents! 
t see Agrii till hai MX* Ilf M H v i. A test of an earl' 
model in 1K52 demonstrated that 9 men with i 
reaper could do the work of 14 m«*n with cradle. * 
gain of .36' ; in efficiency. Thirty year* later ib 1 
first combines appeared. In 1930. 16-ft combin'- 
had a daily rapacity of 20 25 acres, and flu*' n,,f 
only harvested but also threshed ihe grain, aim"-! 
a 75-fold gain over the cradle and flail method*" 1 
a century earlier. Th** mechanical cotton pi«^ r 
harvests a 500-lb bale in 75 min. 40-50 limes a* 
much a* the average hand pickfr. The peanut bat 
vester turns out about .300 lb fcf shelled peanut' 
per hour, a 300-hour job if d<>n# by hand labnr. I fl 
the Orient, where over 90 iff the world' h ,f 
crop is raised, it take* 100 -1$5 hour* <»f 
labor to plant an acre of paddy rice: in (-al»f ,,rnW 
one person seeds 50 acres per hour by airfdane 
Hand setting 7500 celery plant* in a day * 
labor for one man; a modern transplanting njj* 
chine with two people operating it readily 
000. reducing labor cost by two-thirds. t 

Fertilizers and plant nutrition. No one kn«^ 
when or where the practice originated of bun* 11 ? 



fish beneath the spot where u few heeds of corn 
were to he planted, but it was common among 
North American Indians when Columbus discov- 
ered Amerieu and is evidence that the value of 
fertilizers was known to primitive peoples fsee 
f\HTi».iziNt; I. Farm manures have been utilized 
almost from the time animals were first domes- 
ticated and crops grown. It was not until centuries 
luier. however, that these animal fertilizers were 
supplemented h\ mineral forms of lime, phosphate, 
and potash. Rational use of the latter hud its be- 
ginnings in the mill-nineteenth centurv as an out- 
growth of soil and plant analyse* made h> such 
pioneers in agricultural chemistry as Justus von 
Liebig of Germany. Usage became more wide- 
spread with time until in 1‘J.Sfi approximately 2F>, 
(XKUMK) toils of mineral fertilizers were applied to 
, top and pasture lands in the I'nited States. 

The earl> point of view was that crop produc- 
tion and fertilize! application are mostly problems 
in addition and subtraction, that a crop removes so 
T n any pound* of the nutrient element* from the *oiI 
and therefore the *arne number of pound* must he 
placed if tin 1 original fertility i* to he maintained. 
Furthermore, it wa* thought that the soil'* supplies 
m| some of the nutriro* ^lenient*, for example. 
m.igne*ium and *ulfuf. are more or le*s unlimited 
,t ini fully adequate to meet requirement* indefi- 
nitely. A- time went on. however, it wa- realized 
ih.it some of these element*. *ueh a* iron, are some- 
nme* unavailable to plant* even though present in 
the *oil in relatively large amounts, \ot onlv may 
ii i *ii 'li of the soil’* *uppl\ of iron he unayailahle to 
plant mot*, hut once within the plant it may. under 
-i«me Mindition*. accumulate in certain tissue* and 
lie itnmoluli/ed for u*e at point* where it i* needed 
mr growth I ver Pi VM. MIMKVI N 1 1HITII»N «>n. 
Nrmi]laneuu*lv. evidence wa* accumulating which 
ated that plant nutrient* could he used to in- 
fluence growth pmrc**c*. accelerating *orne and re- 
t.trding other* that fhev h.^\e more than just 
ir«.i-s effects I \rr Pi vm wmwniG A mator hreak- 
ilmnigh came when it wa* discovered that Mime 
kind^. particularly those containing nitrogen, could 
is* n*#-d to regulate tvjie of growth, for example, to 
• uise the plant to make further vegetative growth, 
••I in channel its resource* into reproductive activi- 
flK ' Thi* put into the plant*rnun’* hand* a tool for 
“•nirolling the behavior of plants, making them de- 
yelop *o a* to serve his need* best. 

Ihiring the latter part of the nineteenth and earlv 
!‘irt of the twentieth centuries, it was observed 
ttat crop plants often failed to develop normally 
, W ' M dun. gh they were growing on soils known to 
•“Main sufficient amounts of ihe 10 elements con- 
'•'IfiH essential for their proper nutrition, and 
' f qute the fact that other conditions, Mich as light. 
!*mper at lire, an< | moisture supply, were favorable. 
•Me no pathogens were present to cause poor 
l ^e general appearance of the plants indi- 
. a ni, trient deficiency. In the first year of the 
^nti^h century, a Japanese investigator, M. Na* 
*tin *1 < ! iscov<irw * that manganese had a marked 
u< effect on the growth of rice* and a dec* 
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ude later a German, K. Hazelhoff, found that boron 
similarly influenced the growth of a number of 
plants. The next four decades witnessed the addi- 
tion of copper, zinc, and molybdenum to the li*t of 
essential mineral nutrients. These 5 elements are 
required in only very small amount* as compared 
to the first 10 and hence have been classified as 
trace or micronutrients. From u quantitative stand- 
point thev are truly minor, hut in reality they are 
jn*t as important as any of the others, for without 
them the plant cannot survive. Many heretofore 
puzzling plant disorder* are now- known to he due 
either to insufficient supplies of micronutrients in 
the soil, or to their presence in form* unavailable 
to plants. Thus dwarfing, cupping, and wrinkling 
of pecan leave*, often called mouse ear. i* a symp- 
tom of manganese deficiency. Tomatoe* maturing 
on copper-deficient plant* are prone to he few- 
seeded or *eedle*s. Zinc deficiency result* in short- 
ened internodes, leaf dwarfing, and a roselted ap- 
pearance in many dcciduoii* fruit*, in dwarfing and 
sickle leaf in cacao, and in stunting and |K>or filling 

• »f pod* in bean*. Boron deficiency lead* to brown 
heait in the mot* of beet*, turnips, and swede 
< rutabagas i ; it cause* hlo**om blast in the pear, 
pool *ctting of cotton boll*, and gum deposit* in 

• itiu* fruit*. W hiptail of cauliflower is ass<#ciated 
with molybdenum deficiency. With *ome element*, 
for example, zinc, deficiency symptom* tend to fol- 
low a rather definite pattern: in other*, such a* 
boiou. the symptoms vary greatly with species (see 

Pi vm hiskvsk i . 

'soil deficieucip* of trace element* are usually tint 
*o widespread a* tho*e of maior one*. However. 
mangane*e deficiencies have been reported from 
half of the I’nited States and from *uch widely 
separated countries as Japan. New Zealand, and 
Sicily. Copper deficiencies have been reported from 
Ifi *tate* and arc especially common in organic 
soils in thi* rnunirv. Ireland, and South Africa. 

Light application* of trace elements in fertilizer* 
are generally adequate. Sometime* a pound to the 
acre i* sufficient. Heavy or fiequent applications 
may result in their accumulation in toxic amount*. 
For instance, in Florida mam *oil* used for citrus 
culture are deficient in copper, and light applica- 
tion* of thi* element are desirable. However, three 
or four *uch applications will la*t for one to three 
decade* and heavier or m* re frequent application* 
are Lkelv to prove harmful. Overliming acid soil* 
render* their iron unavailable to tnanv kind* of 
plants; overliming of some Florida soil* ha* re- 
sulted in increased absorption of molybdenum hv 
plant* to the point where herbage growing on these 
«oils become* toxic ti> animal* feeding on it. An im- 
portant re*nlt of the discoveries relating to the ab- 
sorption and utilization of trace element* i* that 
they have served to emphasize the complexity of 
soil fertility and fertilizer problem*. Far from be- 
ing problems of simple addition and subtraction, 
thev involve questions of interaction and balance 
within the soil and plant. 

Insecticides, fungicides, end nematocMes. To- 
tal destruction of crops by swarm* of locusts and 



124 Agricultural sciatica (giant) 

subsequent starvation of many people have oc- 
curred throughout the world. Pioneers of our own 
plains states suffered disastrous crop losses from 
hordes of grasshoppers and marching army worms. 
An epidemic of potato blight brought hunger to 
much of western Europe and famine to Ireland in 
1846--I847. The perfection and use of new insecti- 
cides and fungicides in the more technologically 
advanced countries have done much to prevent such 
calamities. Various mixtures, really nothing more 
than nostrums (unscientific concoctions), were in 
use centuries ago. but the first really trustworthy 
insect control measure appeared in the United 
States in the mid- 1860s when Paris green was first 
used to halt the eastern spread of the Colorado 
potato beetle. This was followed by other arsenical 
poisons in the next three decades, culminating in 
lead arsenate in the last decade of the nineteenth 
century. By 1950 approximately 100,000,000 lb of 
arsenical poison was being used annually in the 
United States. Various oil emulsions and tobacco 
extracts came into use for sucking insects in the 
1880- 1900 period, A major development occurred 
during the second World War when the value of 
DDT t dichlorodiphenyltrichloroethane i for control 
of many insects was discovered. Though this ma- 
terial was known to the chemist decades earlier, it 
was not until 1942 that its value as an insecticide 
was definitely established and a new chapter writ- 
ten in the continual contest between man and in- 
set ' . Three or four applications of DDT give bet- 
ter control of many pests at lower cost than was af- 
forded by a dozen materials used formerly. For 
instance, the number of gallons of spray used per 
acre in the Pacific Northwest decreased from ap- 
proximately 2000 in 1941 to 600 in .1954 and lalior 
and material costs decreased from 23 to Me per 
bushel of fruit. Furthermore, DDT affords control 
of some kinds of pests that were practically im- 
mune to materials formerly available. In the mean- 
time other materials, such as chlordane. parathion. 
and aldrin. have been developed that are even more 
effective for specific pests fsee Pesticide). 

Sulfur-containing dusts and solution* have long 
been used to control mildew on foliage, but the 
first really effective fungicide was discovered ac- 
cidentally in the early 1880s. when, to discourage 
theft, a combination of copper sulfate and lime was 
used near Bordeaux, France, to give grape vines a 
poisoned appearance. Bordeaux mixture has re- 
mained the standard remedy for many fungus dis- 
eases, However, other materials have gradually 
been replacing Bordeaux mixture because of its 
harmful side effects, such as accelerated transpira- 
tion, causing skin russeting of apples and prema- 
ture defoliation of peach trees. Today a new in- 
secticide or fungicide is evaluated not only for its 
ability to repel or destroy a certain pest but also 
for its influence on the physiological processes of 
the plant, such as transpiration, respiration, photo- 
synthesis, fruit setting, or duration of dormancy 
(see Plant physiology). 

Another important group of plant pests is the 
nematodes, minute roundworms that harbor prin- 


cipally in **oil and roots (see Nkmatoiia). Their 
importance was not fully realized until studies con. 
ducted during the 1930s and 1940s revealed that 
nematodes are carriers of some of the most im- 
portant virus diseases. Methods of nematode con- 
trol were limited for many years to such incusuttx 
as steaming the soil, usually an impractical opera- 
tion except in greenhouses and small plant bed*. 
Development of such fumigants as ethylene <li 
bromide has greatly extended the areus and ton 
ditions under which nematodes can be effectivclv 
controlled. 

Horbicidas. Because they cun be seen, weeds 
were recognized as crop competitors long before 
microscopic bacteria, fungi, ami viruses. The tirm- 
honored methods of controlling them ha\e been t«, 
pull, dig. hoe. cultivate them out, or smother ih«-rn 
with mulches. These methods are still effr<ti\<- 
and practicable in many instances. However, umj, , 
other conditions some kinds of weeds ran lie p<> ( 
sorted more cheaply . Thus the use of such materials 
as sodium arsenitc in courtyards and olhei aii*.o 
where no vegetation ol any kind is wanted l*e« .him 
fairly common, lit the early purl of the twenhrih 
century it was learned that ammonium siilhumii 
sodium chlorate, and somewhat later, sodium In 
chloroacetate I TCA >. could be iwd for the eradi* j 
tion of vegetation of all kinds in • ourtyardv park 
ing lots, driveways, railroad beds, and along b n. 

All of these herbicides destroy plants hv n\)di/nc 
or “burning" the tissues, by pht'innlt/ing tin- * 
of the shoot, or by similar svstemu tnxn a. im: 
after being absorbed bv the roots. With all ol th»i, 
comparatively large dosages per unit utea ;iw u 
quired. for example. 50 lh nr runic of -odiuri 
trichlnroa* elate per acre anti even more of «imIim. 
arsenite. 

In the early l9W)s new- types of herbicides m.i.ir 
their appearance. The first of these was 2.1-1) » 2 ► 
dichloroplienoxy a< eiic and *. billowed diwrlh i* ■ 
2.4.5-T 1 2.4.5-tri( hlorophenoxv acetic and* .c* 

others, many of which are now used in a numb’ 
of formulations. This class of materials lull* bv ot* 
netting normal growth process, causing In per 
trophies (abnormal increase in si/e), dispirit"''- 
and various cancerlike abnormalities that lead »•* 
the death of the plant. As a group these lierlii* id»* 
are much less toxic to parallel-vriried. n.irr*«^ 
leaved plants {monocotyledon*; than to uf-iiei* 
veined, broad-leaved a pec i*M (dicotyledon- b' 
dividually. they are highly selective, for m>ta« ,,J 
2.4-D is more efficient for u*r |gaifW herbaccou- 
weeds and 2,4.5-T for woody f»r bru-hv '‘l ,n,r ‘ 
Consequently, mixtures of two,;or more are 
preferred to a single kind. Fof sortie crop*. l ,r ' 
emergence applications are preferred. Thus a > 
of an 80 K sodium salt of 2.4-1) in 20 40 
water per acre is effective in preventing emergent 
of weeds in attgar-cane plantation*. whiht * ,ai1 ^ 
no check to sprouting and gifowth of , * lf | 4n 
tunings. Similarly 2 lb of CM lb 3*U H 1 | ,r 
phenyl )- 1,1 -dimethyl urea, per acre is 
vineyards. For brush control in pat)U»re« < ir * ^ 
control in lawn*, application i* m*4lc dirc<t' 



h<» foliage. With virtually all of the*** hormone- 
y pc* herbicide* much smaller amount* are re- 
piired than with the caustic type*. Concentra- 
Ion* of 1000 ppm or lens are generally effective, 
lowever, some crops and ornamental species, 
.uch as cotton, papaya, and poinsettia, are very 
»cn*itive to them and much care is nfrcessary in 
miking applications in nearby areas. Wind-car* 
ried particles of 2,4-1) dust* have been known to 
injury to cotton located 2 4 mile* distant 
from where airplane applications were made to 
r jcc fields. The place that herbicides, particularly 
,»f the hormone tvpe. have come to occupy in agri- 
culture is indicated bv the fact that farm lands 
treated in the Ignited States alone increased from 
j few thousand acres in 1940 to over 35,000.000 
acres in 1957. and that doe* not include large areas 
of *wamp and overflow lands treated for aquatic 
plant control or thousands of miles of treated high- 
*a\s. railroad tracks, and drainage and irrigation 
ditche*. 

Viruses. Agricultural journals of the nineteenth 
.uid earlv twentieth centuries carried rnanv reports 
,,f the “running out** of varieties and the more or 

l, .,. wholesale deterioration of entire population* 
t ,f < top plant' over eaitei* ivr areas. Some of these 

m. il.idie* assumed the proportions of epidemics. A* 
\u, «»rgam-m* could be implicated, the outbreak* 
ymuc attributed to unfavorable soil c onditions, over- 
hiring. drought, and other supposed cause- \- 
'hr nature of virus diseases enme to be more full\ 
understood, suspicion grew that mam of these cpi- 

were due to virile-. Therefore, in the mid- 
twentieth rentuiv. when the “quic k decline** disease 
*tni(k in a number of important citru- producing 
.irc-c- nf the world, there was less trouble in de- 
vrnuning it- c aii-e. Studies of other virus diseases 
• f both plants and animals formed the basis for 
'indeHuking a scientific approach to it* control. 
N und,irl\ . rnanv other plant viruses were brought 
wilder c'ontrol. once science had provided an under- 
binding of their essential nature t.ree Plant vi- 

»M ^ t 

Growth regulators. Manv of the plantMnan'* 

- « 'iturv-idcl practices miiv be classified a* method* 
■d ovulating growth. Thu*. hedges are pruned to 
PomIuct barrier* of vegetation of desired height. 

and appearance. Vines have been trained to 
'^'■r obors. to provide shade, or to please the eve. 
f have been irrigated and fertilised to increase 
«irc»w ih ami yield. I T *e of specific substances to in- 
Jbicme particular plant functions, however, ha* 
,< rn 3 m °rc recent development, though these mod* 
* rn ll ' p ' 1 *nd even some of the substances used had 
1 "'n ante« edents in century-old practices in certain 
IuiIh of the world. For example. in Japan old sake 
* rt|, g been used for temporary storage 
“ l»n si unions to remove ostringency and render 
Imv ***** X ttlM * ^ible. In the Near East people 

( ? U * .°* n * or a long time that putting a drop of 
' r ^ ih *be M eyc M of a fully grown but still 
r*’ canoe the fig to ripen a week or two 

not i *"7** w ho employed these practice* did 
nrtw *hy they brought ahout the 
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change*. These were successful practices that had 
been banded down from generation to generation, 
and that was all they cared to know. 

In the latter part of the nineteenth and the first 
part of the twentieth century, however, people be- 
gan to wonder why some of these practices oper- 
ated a* they did. fn the case of the persimmons, it 
was determined that small amounts of ethylene gas 
given off from the sake-soaked casks hastened rip- 
ening. Some trials were made on other kinds of 
still-green fruits. In some cases it worked. Exposure 
to ethylene furnes in ripening rooms in the northern 
part of the Imbed States became standard pro- 
ceduie in handling southern-grown tomatoes. Then 
it was learned that exporing potato tubers to the 
vapor of f.ll>C. isopropyl V- ( 3-chlnroplienyl ) car- 
bamate. inhibit* sprouting in storage and such 
sprouting of both potatoes and onions can he long 
delayed bv -praving the plants a few' weeks before 
harvesting with a 1000 2500 ppm solution of maleic 
hvdrazide. Since about 1930 many u*e* have been 
discovered f«i a considerable number of organic 
compound- having growth-regulating influences, 
for in-tance. -everal of them applied a* sprays 
within a few dav- to several weeks before normal 
harvest will prevent nr markedly driav dropping 
of such fruit- a- apple* and oranges. Somewhat 
higher concentrations can In* used to pre-thin fruits 
of the *aine and other kinds at the blossoming 
stage. Ren/othia/ov! 2-oxvacetir acid and some of 
it- derivatives can caii'C unfertilized Smyrna fig 
ovule- to develop into ‘\-eed*.** and thu* are a sub- 
stitute for an artificial method of pollinating culti- 
vated fig* known a- caprification. /Jnaphthoxy- 
propionic acid has much the «ame effect on seedless 
Black Corinth and Thompson Seedless grapes. 
Runner development in strawberries can be inhib- 
ited h\ sprav* of maMr bydra/ide. and sticker for- 
mation in tobacco mav be prevented with indolea- 
cetir arid and rewain bland mineral oils. Japanese 
worker® report striking effects from gibherellins 
< vec ( vtRHt rkli.in ) and fumarie acid, the first 
greatlv increasing vegetative growth and the latter 
causing dwarfing. Scores of other examples of new 
products and new uses could be given. In brief, 
growth regulators are essentially new product*, 
though there are centurv-old instances of the em- 
pirical use of a few of them (see Pi ant hor- 
MONvsi. Applications of ♦he*e substance* in agri- 
culture are beginning to unfold, and their use is 
one of the rnanv factors making farming more of a 
science and much less of an art. 

Photoperiodism. The base* of most scientific 
discoveries are observations that require explana- 
tion. Attempt* to find the reasons often lead fur- 
ther than was expected. This has been especially 
true of some of the seasonal peculiarities of plants. 
Much of their seasonal behavior is obviously a re- 
sponse to temperature, growth starting as it be- 
come* warmer in spring and ceasing with the ad- 
vent of cooler weather in autumn. Many plant 
functions, however, proceed more or less independ- 
ently of temperature. A new flush of growth occurs 
or the plant flowers or matures fruits and seeds at a 
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definite time of the yeur, provided latitude h the 
same. So definite are these adjustments to culendar 
date in many rases that it is almost possible to tell 
the time of year from the development of certain 
plants. One important reason for this correlation of 
plant activities to time of year was first reported in 
1920. the result of experiments in which growing 
plants of different kinds were exposed to alternat- 
ing light and dark periods of definite lengths (see 
Photopehiodlsm in plants). Numerous plants 
behave in certain definite ways when the length of 
day is 14 hours and the period of darkness is 
shorter. If the lengths of the light and dark periods 
are reversed, these plants behave in an entirely dif- 
ferent manner. In other words the plant is sensitive 
to length-of-day, or photoperiod. An interesting 
thing about this function of light is that intensities 
far below those necessary for photosynthesis are 
fully effective photoperiodicallv [see Photosyn- 
thesis). Thus, while the optimum intensity for 
photosynthesis in the aster is approximately 3000 
foot-candles. 0.3 foot-candle is fully effective in in 
fluencing its photoperiodic function, a 10.000: 1 dif- 
ference. 

One of the most striking influences of photope- 
riod is on flower bud initiation. For example. Eal- 
anchor bloss field iana, a so-called short-day plant, 
produces only vegetative growth when day and 
night are of afxuit equal length. However, six to 
eight consecutive exposures to 9-hour days will 
serve to initiate flower buds, followed rather 
promptly by flowering, if the temperature is fa- 
vorable. Peppermint, however, will initiate flower 
buds only under the influence of very long days 
<16-18 hours). If this plant is to flower in time to 
mature seeds before the frosts of autumn, it muM 
be grown in a latitude like that of southern Eng- 
land or New Zealand. Varieties of corn adapted to 
the North American corn belt become premature- 
flowering dwarfs at the equator and semidwarf* in 
the latitude of Mexico City. As a consequence. Mex- 
ico City is about as far south as they can be grown, 
and growth is not very successful there. Species 
adapted to the shorter-day summers of northern 
Mexico have a prolonged vegetative period in the 
North American corn belt and flower so late in its 
summer that they fail to mature their seeds before 
the frosts of autumn. Photo period similarly exert** 
a controlling influence on many other plant func- 
tions and structures. Thus formation of potato 
tubers, onion bulbs, and strawberry runners de- 
pends on relative lengths of day and night, as does 
stool ing ( tillering) in many grains and grasses. 
Many other species, such as carnation, cacao, and 
banana, are “day neutral” and little, if at all. in* 
flurnred by photoperiod. 

In general the planfsman has little direct control 
over the naturally occurring photoperiod of his lo- 
cation. However, he sometimes has a choice be- 
tween several planting dates. Thus, he can bring 
his plants to a predetermined ideal flowering or 
stooling size at a date coinciding with a particular 
photoperiod. With some kinds of plants grown tin* 
der glass structures he may want to lengthen the 


photoperiod directly by artificial lighting nr shorten 
it by shading and thus induce flowering and fruit 
production at will, for example, to ready poinset- 
tias for the Christinas holiday trade or asters foi 
Easter. Natural photoperiods can also he capital- 
ized on through plant breeding, that is, by devel- 
oping varieties adjusted to certain localities 
Through knowledge of photoperiods and the re- 
sponses of different plants to them, the pluntsnmn 
is able to make many crop plants behave for him 
as he wants them to behave. He can make soim* 
more vegetative, others less so; he can induce dor 
mancy or continued growth; he can bring on the 
maturing of flowers, fruits, or seeds at a particiilm 
time or perhaps prevent it; he can determine 
whether or not there will be stooling or bulbing 
and whether the flowers produced will be pistillate 
staininate. or both. In short, the plant-man iim-s hi* 
knowledge of photoper iod as a kind of plant regn. 
lator. * v.n.i,.; 
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Agricultural soil and crop practices 

The technique* and method- used in plowing. h<u 
rowing, planting, tilling, harvesting, fining, *i«ir 
ing. and processing of agricultural crops. 

PLOWING 

Cutting and turning a furrow with a plow is imi 
alls the first and most effective operation of tillap 
There are two tv pc- of plow, the moldboard and 
* the disk. One type of moldboard plow i- shown u 1 

Fig. 1. 

Moldboard plow. The working part of the mold- 
board plow i- the plow bottom. The plow form* 
i- i ut or broken loose on the land -ide hv t he -hn: 
of the plow or by a coulter or jointer attu< lied t* 1 
the plow beam, and on the bottom by the point and 
edge of the plow share. The advancing plow mold 
board exerts pressure on the furrow sloe, jmf 
veri/ing it and causing it to move upward and t" 
the -ide in a spiraling path so that it is partulb 
or cornpletcfv inverted. The shape of the mold 



plow point 

F*g. I. On* typo of moldboord phw- (From Trod* 


and Impbmint Division, ford Motor Cod 
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hoard may be described as a section rut from a 
warped cylinder, on the inside of which (he soil 
spirals. The selection of design of tlm moldboard 
depends upon the physical reaction of the kind of 
M ,d arid sod cover on which it is to be used. Be- 
r.oise precise information of soil physical reaction 
j. inadequate and the umount of pulverization arid 
placement, or throw, <»f the furrow slice depends 
u poll the speed of plowing, plows have been de- 
signed largely by the cut and try method. This has 
resulted in a great variety of shapes. Moldboard 
plows have largely been adapted to power farming 
l»v the selection of bottoms suitable for certain spoils 
,„d combination of these bottoms into gangs suffi- 
ricullv large to use the power of the tractor at the 
approximate speed for which the bottoms were dr- 
signed. The power required at normal speed o| X 
m iles per hour Irnplil varies from 2 to 3 pounds 
jM*r square inc h < p*i f of cross section of furrow 
»li«e for sand, to 20 psi for tough c lay. Modifica- 
tion* of shape have permitted a speed of 5 (\ rnph. 

Moldboard plow bottoms are designated as right- 
hand or left-hand bottoms, depending upon the di- 
lution of throw. Both may he combined on one 
tunic «o that the plow can he pulled hack and 
t.»rlh. always throwing tf** furrow downhill, *»r in 
i, nr direc tion. Size* range from 8 to 20 in. in width 
mt: the 10 12 in. si/e is suitable for use with 
iMini.il power and the I t 10 in. *i/c i„ largely used 
kith puwei equipment. Although a plow may he 
■i-t-ci to plow at different depths, most ha\e been 
■Irsigned to work at a depth c*f approximately one- 
fi.iM the width of the furrow. 

I he effectiveness of plowing ma\ he materially 
:n» teased bv attachments. \ punter, or a punter 
.ukI » oiiltcr combination, which cuts a small furrow 
trout of tin- plow shin permits complete coverage 
*t -nd. Where there arc large amounts of rubbish 
r * iop icsidue, a weed chain or wire can he used 
t iding the debris mto the furrow and hedd it there 
:,n!il covered. A furrow wheel i.ia\ reduce land-side 
tri'Oon and a depth gage on the beam helps *c- 
• »ire uniform depth. A modified form of plow bot- 
tom. railed a lister, is in effect a right and a left 
Uioidhoard joined at the shin so as to throw soil 
l»‘th to the right and to the left. This produces a 
U.rniw or trough, called a list, in whi» h *red is 



One typt of dfefc borrow. (7rom Adit Cha/man) 
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planted. Because it concentrate*! rainfall in the fur- 
row, this method is used largely in areas of light 
rainfall. 

Oisk plow. The disk plow consists of a number 
of disk blades attached to one axle or gang bolt. 
Ibis plow is used for rapid, shallow plowing. In 
fichU where numerous rocks and roots are present, 
the disk plow, which rolls over obstacles*, is substi- 
tuted for the moldboard. The disk is also used for 
Micky soils that wdll not scour on a moldboard. The 
di**k plow is manufactured in widths of from 2H» 
to 20 ft. The disk* are commonly spaced 8- 10 in. 
apart. I he angle between the gang holt and the di- 
rection of travel is usually adjustable from 35 
to 55°. 

HARROWING 

Soil preparation for planting usually involves the 
pulling of an implement called a harrow o\er the 
plowed soil to break clods, level the surface, and 
destroy weeds. A wide variety of implements is 
( la**ified a* harrows; the most common kinds are 
the di-k harrow', the spike-tooth harrow, the spring- 
tooth harrow, and the knife harrow. Preyiously the 
function °l *«*edhed preparation was performed al* 
m*>M entirely hv the implements classified as har- 
row*. \4ith ihe introduction of pow'er. farming is 
now performed in large part by field cultivators. 
n»d weeder*. rotary hoes, or (readers, subsurface 
pa« ker*. and various design* of rollers. Power- 
driw-r rotarv tillers perform the function of both 
plowing and harrowing. 

Kinds of harrows. The *pikc-tooth is the oldest 
form of harrow and consists of spikes or teeth 
(usually adjustable! extending downward from a 
frame. The teeth extend into the *oil, and when 
the harrow i* polled forward, they cut through 
clods and break then. The teeth also stir and level 
the s,»il surface and kill weeds. This type of har- 
row has light dra't and i* built in sections, many 
of which ma\ he joined together so that large 
area* ran he covered quickly. This implement is 
mo-t effective if used before clods dry; it is fre- 
quently atta< bed behind the plow. 

The spring-tcH»th borrow is similar to the spike- 
tooth type but has long curved teeth of spring 
*leel. The spring action renders it suitable for 
rough or stonv ground. It i* particularly useful in 
bringing clods to the surface, where they can he 
pubi ■ ; zcd. It is also used to bring the roots of 
weeds and obnoxious grasses to the surface for de- 
struction. and to renovate and cultivate alfalfa 
field*. The knife harrow consist* of a frame holding 
a number of knives which scrape and partly invert 
the surface to smooth it and destroy small weeds. 

The disk harrow is probably the most universally 
used type (Fig. 21. It cuts clods and trash effec- 
tively. destroys weeds, cuts in cover crops, and 
smoothes and prepares the surface for other farm- 
ing operation*. The penetration of the disk harrow 
depends largely upon weight. The disk blades are 
commonly 16 24 in. in diameter and are spaced 
6 10 in. apart in gangs of 3* 12 disks. Disk har* 
rows can be obtained in width* tip to 20 ft. A 
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single-acting disk harrow has two opposed gangs 
throwing soil outward from the center; a tandem 
or double-acting disk has two additional gangs 
which throw the soil back towards the center. An 
important advancement in the design of the disk 
harrow is the offset disk. A right-hand offset disk 
harrow has a gang in front which throws to the 
right and a reur gang which throws to the left. It 
may be adjusted to pull to one side and to the 
rear of the tractor so as to harrow beneath the low 
limbs of orchard trees. 

Other soil-preparation equipment. The field 
cultivator is used to perform many of the jolts of 
harrows before planting. It usually consists of a 
number of adjustable standards with sweeps or 
scrapes attached to tool bars in such a fashion that 
the soil is stirred from underneath, killing the 
weeds and creating a surface mulch for moisture 
conservation. The rod weeder is a power-driven rod. 
usuallv square in cross section, w hit'll also oper- 
ates beneath the surface of loose soil, killing weed- 
and maintaining the soil in u loose mulched condi- 
tion. It is adapted to large operations ami is used 
in dry areas of the Northwest. A variety of roller- 
and packing wheels and clod i rusher- has Ihmmi 
designed. 

PLANTING 

The practice of plat ing seed or vegetative propa- 
gating material in -oil for multiplication through 
growth and reproduction is usually a seasonal op- 
eration. Its succe-s depends upon -oil preparation 
and placing of the -eed in an environment favorable 
to growth. The -eed. which i- an embrvonic plant 
enclosed in a protective membrane, usually con- 
tain- enough nutritional material to -tart growth. 
It must have suitable temperature, adequate air. 
and sufficient moisture to overcome its dormant 
condition and induce vigorous growth. In general, 
the seeding proce— consists of opening a furrow in 
properly prepared soil to the correct depth, meter- 
ing and di.-trihuting the seed or planting material, 
depositing the seed in the furrow, ami covering and 
compacting the soil around the seed to a degree 
suitable to the crop. Fertilizer is usually placed in 
the soil sufficiently near the -eed that it will be 
available to the young plants after germination. 

Kinds of planters* There are four genera) meth- 
ods of planting based on (our special tv pes of ma- 
chinery: lit broadcasters or seed drills used ior 
small seed and grains; <2t planter- for cultivated 
row crop- such as corn or cotton; f3> special 
planters for parts of plants used for propagation, 
such as potato planters; and <4t transplanters 
used to set out small plants that have been grown 
in beds from small seed. The last method is com- 
monly used for tobacco, sweet potatoes, cabbage, 
trees* and many horticultural crops. 

Broadcasters and drills. Small grains grasses 
and clovers are planted by broadcasting or drilling. 
The broadcaster is usually a rotating fanlike di*. 
tributor which throws the seed over a wide area by 
centrifugal force, lake hand seeding, this method 
requires the absence of gusty wind for most rffec- 



Fig. 3. All-crop drill with robber press wheels. (From 
Allis Chalmers) 


live distribution. I micr proper condition-, binml 
cu-ting can be done from airplane.-. Hmudra-tmw 
i- c-peciallv -uited to mowing -red in another < n,j, 
without umJulv di-tiirbing the -oil. such a- -owm*. 
clover -eed in wheat. 

The grain drill open- a furrow and plate- t}„ 
seed in it. Attachment-, -ueh a- covering diam- 
and wheel- to prr— -eed into the -oil, j| t * , 
monly Used I Fig. dl. The -eed i- metered b\ .i 
spe« ial apparatu- into row- U 1 1 in. apart. Sen-M. 
type- of furrow opener- adapted to different -».j ! 
and crop «oiiditiori- are available. (»r<nn drill- .to 
a l-o commonlv equipped tor fertilizer rli-ti ihiit oo. 
and gra— -reding. 

Row-crop planters. Wh crop- a- .-nrii and ...1 
ton are planted with -penal planter- in row- r*> 
-implifv cultivation. Breau-r vield rnav be git jb 
affected hv the -tarn!'- being ton thic k or ton tlm. 

. precision planting i- important to avoid the « 
of thinning or interplanting. Delinting of eotn-ti 
-eed and -i/ing of -eed corn and other -e»d- an 
important to pred-ion planting. Planter- u-uali 1 . 
are equipped for dropping in hill- or drilling n< 
row-. The hill- may lie diet k rowed, that i-. -p.it ni 
cquaJIv apart on the corner- of square- -o t b.t? 
the crop can be cultivated in two direction-, tlm* 
avoiding hoeing. The pred-ion neee— arv for tip- 
tyi>e of planting i- secured by opening valve- in i!n 
planter -hank at mea-ured interval- by mean- *'i 
button- on a c heck wire. 

Transplanters. Spec ial kind- of equipment 'l f ‘ 
signed for the planting of cuttings or -mall plant" 
are known a- transplanter*. Such piachim- u-ipiIU 
transport c»nc or more men who a— i*t the action 
of the mac hine in placing the pliml* in a fu» r*»v- 
and properly covering them. Trjnaplanler- com 
monly siipph a small quantity <jf water to cadi 
plant. .See Fonmci skhmni, a>d ri.A|m.N«.. 

TILLAGE ) 

The mechanical manipulation of the soil to un 
prove Its physical condition as a tiabital for plant- 
is called tillage. It include* plowing, inversion, 
loosening, harrowing, pulverisation, packing. 1,11 
rolling the soil, all to improve aeration and trrnp«f 
ature conditions and to produce a firm seedbc 
( Fig, 4). Subsurface tillage is the loosening 




Fig. 4. Coil-shank field cultivator. (From Allis Chalmers ) 

f,\ -w«ep* or blades pulled beneath the surface 
without inversion of the toil. Thin practice. c-pe- 
ciallv adapted to drv arras, fragments the noil and 
leaves a mulch of stubble or other plant residue** on 
tin* soil Mir fart* to conserve water and help control 
ePMon. 

FfTective tillage eliminates competitive vegeta- 
tion, such as weeds, and stimulates favorable soil 
microbiological activities. Natural forces of beat 
tug and cooling, swelling and shrinkage, wetting 
.iml drvirig. and free/jojr and thawing account for 
the mapu pulverization of soil and assist j n tin* 
production «*f a favorable crumb structure. Wise 
practice di< tales the avoidance of tillage when -oil 
i- so wet and pla-tic that it- crumb structure is 
•mil* de-troved. as well as the use of those opera' 
ti'iii- which f>ut the -oil in the most favorable con- 
■in Mill for natural force- to act. This result- in the 
•lommnni amount of lime and power for -oil prepa- 
ration. Manipulation of the soil bv machinerv i'- 
ll, r— cntial part of -oil management, which in- 
h.iles -u«h -oil-building practice- a- gra— and 
i'‘;:umc rotations, fertilisation, and liming. 

[MI.vl 

HARVESTING 

I he practice of severing and reaping the plant 
■*r am of its part* is called harvesting. 

Crops harvested for grain. The process of gath- 

cling -uch crops as corn, sorghums, wheat, oats. 
h.ir!«>\. rve. Inn kwheat, and rice is caller] grain 

i re-ting 

h.ir corn is harvested hv means of a corn picker 
dig. !»». The cars are snapped off hv sprciallv de- 
ugned rollers which puss around the standing 
'talk-. The husk* are removed by a husking l>ed 
• "nesting of roll* of various tvpes. over which the 
# * dr " are passed. 

'"'helled corn is harvested by a pieker-sheller or 
| v ^ 1 °nibinr harvester. The ptekrr-uhriler snaps 
l . ,r e “ rH f r wn the stalks in the same manner as 
*!' f 1 *' ^ f,r * thr huaking bed i a tepla^Msd by a 
t ,' e ^ trailing shelling unit attached to 

picker can also l>e used. 

I henmted by a sell-propelled com* 

Z . arv i f * ,er - The header can lie removed and re- 
maP unit, or the header ran re- 

,lu» 1” » . ^ ^ "hob pl«nt parsing through 

"^lune. Crain aorghuma and cerrob are bar- 
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vested largely with the combine harvester, a ma- 
chine that severs the standing crop, shells the 
grain, separates grain from straw, and removes 
chaff and trash in one operation. Sometimes these 
crops are severed and wiridrowed. allowed to dry, 
and threshed later. 

Grain crops harvested for ensilage. Tim opera- 
tion is used for corn. sweet sorghums, and cereals 
such us oats, wheat, barley, and rye. 

Kow * rops. such a- corn and «ome sorghums, are 
harvested with a forage harvester equipped with a 
row-crop attachment. High-moisture corn may be 
^helled h> a picker-sheller and stored as ensilage. 

Drilled crops and some row crops are harvested 
with the forage harvester equipped with a sickle, 
bar attachment (Fig. fit. Hotary-tvpe harvesters 
are al-o used. The plants are severed at or near 



Fig. 5. Corn picker, 'From New Idea Farm Equipment 
Co. i 



Fig. 6. Forage harvester (sickle-bar attachment). 
\Ftom New Holland Machine Company) 



Fig . 7. Mowing machine. {From Massey Ferguson Co. 
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the soil surface and cut or shredded into short 
lengths. 

Crops lor silago, soilage, and hay. This type of 
harvesting is used for legumes (other than edible- 
podded legumes) and grasses (excluding corn, sor- 
ghums. and cereals). The sickle-bar or rotary-type 
forage harvester is used. It severs the crop near the 
ground surface and chops it into desired lengths 
for silage or soilage. It also chops hay from the 
windrow. The crop may be wilted slightly in the 
windrow to reduce moisture for silage preserva- 
tion. The conventional mower, or the mower- 
crusher designed to speed up drying, is used to har- 
vest crops for hay ( Fig. 7 ) . 

Legumes and grasses lor seed. Legume* and 
grasses are harvested large! v bv the combine har- 
vester. either by direct or windrow methods ( Fig. 
8). Windrowing becomes necessary when the crop 
fails to ripen evenly. Because some seeds are 
lighter than cereal grains, machine adjustments 
differ widely. To increase over-all efficiency two 
combines may be hooked together in tandem. All 
straw and chaff from the lead combine passes 
through the rear one. 

Podded legumes which are harvested include 
soybeans, dry edible beans, and peas. .Soybean* arc 
harvested exclusively by the combine-hamster di- 
rect method. Peas and beans may be harvested by 
the combine harvester or by bean threshers with 



Fig. 8. Combine-harvester. (From International Hor- 
vaster Co.) 



Fig. 9. Boon thrasher. (From C. 8. Hoy Co.) 



Fig. 10. Spiked-wheel harvester. (From Bloch wilder 
Manufacturing Co.) 



F.g. 11 Potato harvester (fully mechanized l Fr ow 

USDA Agricultural Research Service, Red River Valley 
# Potato Research Center? 


multiple shelling cylinder* » Fig. Vi . In mans c;w- 
beans <>r pea- mav Im- removed nr severed from tic 
soil and windrow*^! prior in threshing To prevent 
the cracking of seed*, cylinder speeds are reduced 
and concave clearance no reused. Rubber cover*'! 
roll*, placed ahead of the cylinder, mav be used 
to squeeze bean* from pod*. 

Harvested r«wit crops include sugar beefs, potii 
toes, and peanuts. Sugar fleets arc gathered bv -p** 
rial harvester*. One tvpe tops the bed* in pkn»* 
after which the beets are lifted b> specially dr 
signed blades or finger**. Another tvpe lifts the 
lieets bv gripping the tops or by iutpaling the bed' 
on u revolving spiked wheel < Fig* 101. Ihr beep 
are then topped in the machine, |\n elevator «cn 
vey * the beets to trucks for bulk handling. 

Potatoes are harvested b> several methods. I he' 
may fie f 1 ) dug with a one- or tw$-row digger 
picked up by hand; (2 1 dug. softed. and placed 
into containers by machine (vinrs^ trash, and cl*« * 
are removed mechanically and by m*n riding t M 
machine t; <3t harvested by a ftdly mechanize 
procedure which includes digging, sorting. r< 
moval of vine*, trash, and clod*, and loading ,n *| 
bulk r rucks (Fig. 11); and 14) dug with a 1,1 ^ 

ard digger, wind rowed for drying, and ‘d’ 



Fig- 12* P*onut diggar-thoker-wlndrower. (From Dept, 
of Agricultural Engineering , N.C. State College) 



Fig 13 Cotton pickar. (From A lift Chalmers) 


lairr b\ an indirect harvester. Sweet potato#"* art* 
iwrvrMed largely b\ the fit method. 

iVamits are harvard bv the following methods: 

• 1» pole-stack method, in which the peanut* ure 
•lug and hand shaken, stacked around judrs. and 
later picked; t2l a method in which thev are dug 
w »tli a one- or two-row digger, windrowed, and har- 
later with a peanut picker (Fig. 12): and 
1 1 1 the oncc-over method, in which all operation* 
‘ire a< coinplished with the same machine. 

Crops harvested for liber. Cotton is haneMed 

l*\ twrt methods: (I ) pulling lint from the bolls hv 
means of the cotton picker (Fig. ISC a method 
*hnh requires several pickings and is aceom* 
pished by broached spindles revolting rearward 
•m which the lint ia wound; and t2) pulling the 
rm ' rp boll from plants h> a cotton stripper, a 
»'Drp.., V rr method accomplished by rolls of various 
l ? P 7‘ rubber paddle, or bruah) which strip 
!, ^'!1 h from the plants. 

P*ria| crops harvested include tobacco, castor 
and sugar cane. Tobacco is harvested by 
Iro T ral leaves may l>e primed 

vim * * a * mature, in several primings 
,n K with the lower, more mature, leaves; or 
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1 2) the Htulks may he severed near the base (Fig. 
14 i, upended, and speared, after which laths are 
inserted to handle the plants and support them in 
the curing barn. Machines have been developed to 
speed up the priming process; workers ride rather 
than walk. 

Castor beans are harvested by special machines 
that straddle* the rows, with revolving heaters that 
strip the beans from the standing stalks. 

Sugar cane is harvested by self-propelled har- 
vesters which sever the cane at or slightly below 
the soil surface (Fig. 15 1. Additional knives top 
the cane. Tops and trash are removed by fans and 
distributed over the soil. Conveyors move the cane 
into heap rows or directly into trucks or wagons. 
Some machines cut the cane into short lengths for 
easier handling and processing. [k.a.s.J 

DRYING AND STORAGE 

harm crops may he harvested at the most desira- 
ble stage of maturity and stored for week* or 
month* if properly dried or preserved. Field drying 
i* an inexpensive procedure. However, in coo), hu- 
mid area* a fine crop may deteriorate to a low*- 
\alue feed Muff if it i* damaged by rain during field 
dr\ing: lo^* of quality mav also occur as a result 
of mold or spontaneous heating in storage. To re- 
duce *uch lo***es in forage crops, many farmers par- 
tiallv cure gru**es or legumes in the field and then 
finish drving them in ha> mows. Inn*, special wag- 
on*.. nr drving building* by passing heated or un- 
heated air through the forage with a power-driven 
fan unit attached to an air-duc t system I Fig. 161. 
Air i* heated by oil-burning furnaces or liquefied- 
petrnleutn-gas burner*. 

Forage. Forage containing 70 #0', moisture at 
harvest time i* fii Id dried to 30-40', r and finish 
dried to 22-25'* i *r safe storage as chopped or 
long hay. or to 20'7 as haled hay. Hay processed 
in this manner is superior to field-dried material in 
color, c arotene content, and leafiness. 

Because hay quality is to some extent a function 
of the rapidity of drying, heated air usually pro- 



Fig. U. Tobocco horvavt «r. i From Dept of Agricultural 
Engineering t N.C. Slot* College) 
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Fig. 15. Sugar cane harvester. (From Agricultural in - 
gineering Dept., Louisiana State University) 



Fig. 16. A specially constructed wagon rack attached 
to a portable oibburning crop drier for finish drying 
chopped forage. 


daces the best product. Very rapid dr>ing can be 
accomplished with dehydrating equipment which 
can dry material from 75 to 10% moisture in 20 
min or less. The quality of a dehydrated product is 
high; however, costs of labor and fuel are also 
high. Alfalfa to he used in mixed feed is the most 
frequently dehydrated crop < Fig. 17 1 . 

Field drying can be accelerated by the use of 
crushing machines which crack or shred the freshly 
cut forage as it passes through one or more pairs 
of crushing rollers (Fig. 18). Over-all drying time 
is shortened because the stems, if crushed, will 
dry almost as fast as the leaves, which, if the hay 
was improperly dried, often shatter and drop off. 

Small grains and shaded com. Small grains 
and shelled com are dried in either continuous or 
batch driers and stored in bins. These products 
must be dried to 12^ moisture or less. Ear corn 
stored in an open crib must be dried to 16% mois- 
ture if mold growth in storage is to be prevented. 
Generally, temperatures of drying should not ex- 
ceed 100°F for seed and malting grains 130° F for 
milling com, and 200° F for feedstuffs. Frequently 
rice drying is carried on in two stages to prevent 
cracking (Fig. 19). 

Ensiling. The anaerobic fermentation process of 
ensiling is used to preserve immature green corn, 
legumes, grasses, and grain plants. The crop is 
chopped and packed while at about 70- 80% mois- 
ture and put into cylindrical tower-type silos, hori- 


zontal trenchlike structures, or other containers to 
exclude the air. This tightly packed, juicy mate- 
rial is preserved by proper bacterial fermentution. 
Desirable microorganisms in grass and legume si. 
lage can be encouraged by field wilting the crop 
to 70% moisture, or by adding chemical presets a- 
tives, sugar, and starch materials, such as ground 
corn or small grain. Shelled or chopped ear corn 
is occasionally stored under similar anaerobic con- 
ditions. | 



Fig. 17. Small portable alfalfa-dehydrating equip 
menf. 



Fig. 18. A forage crusher crocks or shreds the stems 
to accelerate the field drying rote of forage crops. 



Fig. 19. Small groin and shelled corn are dried in 
the perforated metal bin with heated air supplied by 
the portable crap drier. 


PROCESSING CROPS 

Tlir processing of crops involve such opera! ions 
n* shelling, cleuning, separating, sorting, washing, 
treating, scarifying, testing, grinding, and ginning. 

Shelling. The separation of corn kernels from 
the rob or the removal of the shell from nuts mn-h 
as peanuts, walnuts, and hickory nuts is called 
shelling. This can he done with two types of ma* 
i hi lies, the spring type in which the kernels are 
nibbed from the ears by a notched metal bar called 
a rag iron, and the power-driven cylinder-1 \pe ma- 
chine into which the ears are fed between a re- 
vnhing shelling cylinder and stationary bars called 
coneaves I Fig. 20 ) . The kernels are rubbed off and 
-rpuraled before the cobs are removed. I’mper 
'.helling is obtained by control of the rate of feed- 
ing. tension of the shelling bar. i lioicc of "helling 
inncave, cleaning-air control, and cob-outlet con- 
trol. The practice of picking high-moisture corn in 
the field and "helling it with a picker-"heller or 
• oinhine-sheller i" increasing. 



kernels removed 

from cob shelling cylinder 



Fig 20. (a) Spring corn shelter (b) Cylinder sheller. 
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^'9- 21. Fanning mill. 
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Cleaning and separation. These procedures in- 
clude the removal of foreign material, such a" 
weed seeds, chaff, dead insects, and broken stems. 
The fanning mill, consisting of two vibrating screens 
and an air blast, is used on the farm for cleaning 
(Fig. 21 ). The most common methods of cleaning 
are In si/e, using a screen; by length, using a cyl- 
inder or disk with indented pockets to accept only 
short, small grain; by specific gravity, using a vi- 
brating screen or inclined dec k through which air 
i" blown to remove the light material from the top: 
and by brine solutions of such density as to float, 
light material and permit heavy material to settle. 
Seeds which become sticky when wet are separated 
from other seed** I for example, buckhorn seed from 
cloverseed I bv moistening of the seed surface" 
with wet iron filings or sawdust. The wetted seeds 
and iron hling" or sawdust stick together, forming 
large dumps which are then removed by screening. 
Huckhorn seeds are removed in this manner from 
clover seeds. Seed "hape can also he used as a 
means of separation because the round seeds roll 
and the flat seeds slide. Smooth and rough mate- 
rials mav he "eparated by using velvet- or velve- 
teen-fabric-covered rolls, or by air in which the ma- 
terial" with irregular and rough "iirfact?" are re- 
moved from those with "tnooth surfaces. Fruits may 
he « leaned bv brushing, wet or dry. and bv flailing. 

Sorting. The separation of products into pre- 
scribed standards i" « ailed sorting. Grading is sort- 
ing to meet stale and Federal agency regulations. 
Grading, particularlv of fruits and vegetables, is 
done bv machinery to obtain the proper si/e or 
weight. Size grading i" practiced to obtain desired 
diameter by using a belt with holes, a link chain, 
a diversion belt, diversion rollers, or spool units. 
Apples, peaches, potatoes, onions, lemon", and or- 
ange" are commonly *i/cd. The weight method i" 
sometimes used to place products in appropriate 
grades. For beans, coffee, and lemons, color sort- 
ing i" accomplished bv scanning with an electric- 
eve device which retects the materials possessing 
undesirable light-reflecting properties 

Washing. The removal of foreign materials from 
fruits, seeds, nuts, and vegetables is accomplished 
bv washing, often with a detergent and chlorine 
solution. Washing is done by soaking in tank", 
spraying with high-pressure nozzles, or moving 
the materials through a washing solution in a ro- 
tary cylinder. 

Treating. Seed* are treated for disease or growth 
control. Treating was formerly performed by heat- 
ing the seed* in water, hut now it i* usually done 
with a chemical. The treating material may he aje 
plied as a chemical slurry, dust, liquid, or vapor. 
Mercury compounds are often used, but seed 
treated with mercury cannot he used for animal or 
human feed. Legume seeds are often inoculated 
with bacteria which convert nitrogen of the soil air 
into a form which the plant can use. 

Scarifying. This process, usually preceded hv 
hulling, is an operation in which hard seed, such as 
that of legumes, is scratched or scarred to facili- 
tate whaler absorption and to speed germination. 
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Tasting, Usually testing is performed on batches 
of seeds to determine the purity, moisture content, 
weight, and germination potential. The major 
problem in testing is to obtain a representative 
sample. The moisture content of grains and seeds 
indicates the keeping quality in storage and is a 
basis for estimating their commercial value. 
Weight per bushel is an important commercial cri- 
terion used for grain and is known as the test 
weight. 

Grinding. Reduction in size of the material to 
improve utilization by animals and to make han- 
dling easier is called grinding. Measurement of 
the fineness of the ground material is designated 
by fineness modulus numbers from 1 (fine) to 7 
(coarse). Units for size reduction include the 
hammerm ill. a rotating high-strength beater which 
crushes the material until it will pass through a 
screen mounted above, below, or around the rotat- 
ing hammer; the burr or attrition mill, in which 
two ribbed plates or disks rub or crush the material 
between them: and the roller mill, in which grain 
passes between pairs of smooth or corrugated rolls. 
The last is used extensively for flour manufacture 
(Fig. 22 K The crimper-roller is used on farms to 
crush grains. The roller-crusher is also used to re- 



'b> ^•kvotor to bin or boggor 
Fig. 22. (o) Hommgrmlll. (b) Burr mill. 


duce the size of ear corn before it is fed into the 
hammermill or burr mill. 

Ginning. Separation of lint from cottonseed is 
called ginning. The cotton gin cleans the cotton 
and seed in addition to separating them. The saw 
gin. which consists of about 100 saws per gin stand 
mounted about % in. apart on a shaft, is the most 
commonly used, The 12-in. diameter saws are mad* 
up of spikes on wheels which pull the cotton 
through huller ribs, but the seed cotton (cotton 
containing seed) is not pulled through. The lint is 
removed from the saw blades with air or with a 
high-speed brush. See Agricultural encin klimm; 
Agricultural machinery; Agricultural scikno 

(PLANM. [c.W.H.j 

Agriculture 

The production of plants and animals useful to 
man. including the cultivation of soil and the fced 
ing, breeding, and managing of crops and livestock. 
To a variable extent agriculture also includes 
preparation of plant and animal products for man'* 
use, and disposal of these by marketing. 

Rapid growth in the world's population, coupled 
with medical progress promising further success in 
reducing death rates, makes the continuing ubiiih 
of agriculture to provide needed food and fiber 
of critical importance. 

AGRICULTURE IN THE UNITED STATES 

The prime economic significance of agriculture 
in the United States is attested by studies showing 
that the amount spent by consumers for items of 
farm origin in I9, r >4 constituted approximately 40'; 
of total consumer expenditures. In the same year 
• 37'.; of the United States lalror force was engaged 
in farming, in the manufacture and distribution of 
machinery and supplies for use on farms, or in the 
processing and distribution of farm commodities or 
items made from them. Cash receipts to farmer* 
from farm marketings averaged $31,664,000.00(1 
during the 10-year period 1950-1959, or 9.7 7, of 
the national income. During the same years, thi« 
was the principal source of livelihood for a farm 
population averaging 22.725,000, or 13.8*? of the 
United States total. 

In contrast to the situation in the so-called un- 
derdeveloped areas of the world, where a largf 
proportion of the world’s population resides, agri- 
culture in the United States has more than kept 
pace with the growing need for Its products. The 
situation is one of chronic peacetime excess rather 
than of inadequate production, and most observer* 
agree that the time for concern Regarding ability 
to meet food needs is not nearest hand in the 
United States. 

Effects of sclonco and tadmotogy. Science and 
technology applied to agricultural production Have 
induced changes of revolutionary proportion*' 
These change* are not confined to on-the-fann or 
ganization for production; they indude nlao numer- 
oua nodal, economic, and political adjuatment* af- 
fecting both farm and nonfarm people. The rate o 
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change and of consequential adjustments has ac- 
celerated substantially since 1940; the revolution- 
ary pare seems certain to continue with even 
greater acceleration in years ahead. 

Many measures emphasizing the far-reaching 
aspects of science and technology applied to agri- 
culture are provided through statistical data of the 
United States Department of Agriculture. For ex- 
ample, as may he seen in Fig. 1. production factors. 
Mirh as fertilizers and tractors, required per unit' 
of agricultural output have increased rapidlv in re- 
lation to technologic development; |,ut pi o.J union 
,cqui»ite« less directly related to technologic nd- 
Mirn-e have decreased, including land n-. d f„ r 
• iop«. man-hours, und niimhei of horse- and mule- 
As may he seen in Fig. 2. this substitution ha- 
enabled output per man-hour to double in less than 
-f) vears, thus permitting a sharp reduction j r , the 
number of inan-hours worked in agriculture. 

Figure 3 illustrates the aggregate effect of tech- 
nologic advance. It shows that farm output has ex- 
panded more lapidly than population growth in the 
i’nited Staler *ince the late* 1930?*. 

Another statistical measure, perhaps even more 
impressive, shows the sharp upturn since 1940 in 
the number of people provided with agricultural 
necessities hv one farm worker (Fig. 4). 

\ilditional indexes prepared by I’SDA demon 
Mi.itc further the extent, the accelerated pa, e. and 
llic revolutioiun effects of technology „„ r„ite,l 



Jerliliief and liming mater, als. * Copland used for crops 

61 and 1 96? do»o preliminary 

F'9 1. Farmer* reliance upon technologic inputs has 
'ncreased. [USDA ) 



1962 preliminary; 

1963 indicated as of August. 




crmnmmA • un,Ted stoles has In- 

more than population since 1940. (USDA) 



Fig 4 Ability of one farm worker to produce the 
agne, furol needs of others has turned sharply up- 
ward. (USDA) H 


| agriculture. In Table 1 these indexes have 
been u-ed to compute rettain ‘-indicators” of tech- 
nologic impact before and after World War II. The 
lu 'c,, period pie .ding the outbreak of World 
War II com pa ted -wth the IS vears that followed 
• W U "'< SrttXCF. (ANIMAL) : ACRIC.I L- 

miM S< It NCR , I. ant) ; Acriciltiral soil and 

« HOI* I'HACTICKS. 

Characteristics and trends. Modern farming 
max no longer he described as a way of life. Man- 
agement has become the key factor to successful 
operation. ITie profession is an intensely competi- 



Tabta 1. Selected Indexes of technologic-related changes 
in agriculture 
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tive one and calls for a high degree of varied and 
specialised skills. 

A strong trend toward larger and fewer com* 
mercial farm units has been the pattern in modern 
times. Each new development in technology that 
has application to agriculture increases the pres- 
sure to accelerate this trend. More and more these 
commercial farm units are assuming the char- 
acteristics of manufacturing establishments. The 
gross margin left per unit after paying production 
costs is narrowing; thus, profits depend increas- 
ingly on volume production. Important corollary 
trends affecting farm operators include: production 
to specifications set by processors and distributors ; 
contractual arrangements with processors and dis- 
tributors who may share financial requirements; 
mounting capital outlay needs both for operating 
expense and for investment purposes; and cost of 
obsolescence increasing roughly with the rate of 
technologic advance. 

Social impact. Many important effects and im- 
plications of agriculture’s changed circumstances 
reach beyond farm boundaries. Average yearly 
farm population loss was 388.600 for the 1950-1959 
decade, a period during which nonfarm population 
grew at an annual average rate of 2,901.800. From 
the time of the American Revolution, not the least 
important product of agriculture has been the 
people it has furnished to supply the manpower 
needs of the concurrent industrial revolution and 
growth. 

ibe traditional one-person, owner-manager-op- 
erator organization of fanning encourages great 
reliance on the political potency of numbers to 
establish and sustain agriculture's bargaining 
power with other economic groups. Such bargain- * 
ing power obviously suffers when farm people con- 
stitute a constantly decreasing percentage of total 
population. The trend of this statistic is pictured in 
Tig. 5. 

The decrease in farm population is posing seri- 
ous governmental, educational, and cultural prob- 
lems for farm people and rural communities. These 
issues are complicated by an accelerated trend to 
auburban living. Commingling of rural and urban 
cultures is establishing a new community culture in 
which the farmer tends to lose his vocational iden- 
tity. 

Millions of relatively small independent farm op- 
erators cannot control total farm production to 
counterbalance their collective ability to produce 
in excess of normal day-to-day market demands. 
This poses a constant threat to financial solvency of 
the individual operator. Yet the public interest de- 
mands a solvent agriculture so as to maintain ade- 
quate and stable agricultural production and to 
provide reserve supplies for national defense. 

These circumstances have led to a variety of gov- 
ernmental programs for stabilization of farm prices 
and income, sponsorship of agricultural research 
and education, provision of specialized farm credit, 
conservation of agricultural resources, sponsorship 
of school lunch program^ and other efforts aimed 


% of U.S. total 



total population in million*-. 1910, 91 9; 1920, 106.1; 
1930, 122.8; 1940. 131.8; 1950. 151.1; 1957, 170 5 


Fig. 5. Farm population was only 12% of United 
States total in 1957. (USDA) 


at advancing nutritional adequacy of the national 
diet and improving foreign trade. The recent pa-i 
has been a period of unparalleled change and ad- 
justment for United States agriculture. [ w.k.m i 


WORLD AGRICULTURAL CONDITIONS 


In 1958 the world's farmers produced one-third 
more food and other agricultural products than in 
1937, an increase slightly greater than the increa^ 
in the world's population during the same period 
(Fig. 61. This record was achieved despite tfo- 
damage and dislocations of the war vears « h 
ble 21. 

World War II brought not only widespread dr\ 
astation hut grave shortages of input materials and 
labor. As a consequence agricultural production 
fell considerably in Europe, the Soviet Unim. 
North Africa, and the Far East. However, piodu*- 
tion in North America and some other art*.^ n -t 
directly touched by the war increased oncihmi 
over what it had been in prewar years il9.V. 
1939). Thus total world agricultural production m 
1946-1947 stood at about 92 % of the level of P 1 
years earlier. During the years that followed 
World War II, farm production recovered mu»li 
faster than it did after World War I t and the he 
ginning of 1959 found per capita output above pre- 
war in many areas of the world. For example, w 
the United States, per capita production in 1958 
1959 was estimated at 20% above prewar, in UeM 
ern Europe at 13%, in Western Asia at 8%. and 
in Africa at 7%. In most Latii American c«un 
tries, increases in production also have exceeded 
the rapid growth in population* However, in Ar 
gentina and Brazil, which account for more than 

Table 2. Index** of agricultural prdfchictJon vartus 
population growth. 1955-196$ ) _ 


Yea** 


Agricultural Production 

production- Population* per capita. 


1955- 1956 126 196 

1956- 1957 129 191 

1957- 1958 128 127 

1956-1959 188 129 


• 1935 1939 - 100. 



of 1935-1939 



,935,39 1955-56 1957-58 

1956-57 1958-59 

Fig- 6- World agricultural output barely ahead of 
population growth. (USDA) 

| u jf u f the filial agricultural out, Mil «*f I afin \mer- 
!, i( prodm tinn rnnains below the prewar level 
Production ha* lagged, too. in mo*t of the (aim 
munUt area* as well a- in Egypt and *oiue Far 
Li-h ni countries where new government* haw not 
• utti, irutlv *nlwd the problem** of eeononiir and 
fwilitiial organization fT*We 3). 

rhroiiphoiit the underdeveloped area* of the 
M.ild the period 1937 1 4 >I>€> witnessed the fi*e of 
nationalism. the creation of mam independent *ov- 
Male-*, ami a gtcat urge !«• mobilize re- 
. ( ,i,rn«. fur agricultural and industrial develop' 
ni. Thi* leiidem s wa* perhaps 1110*1 marked in 
(In- period 1017 1*1.37. e*pet ialU the la*t fixe vear* 
„* lln- period. In Mime • a*e* it i* |u*t beginning to 
„ivi- me !«• organized program* fur agrn ultuial 
<-\elf«pment. In other*, however. *uch program* 
<: i%»* been under wax *in» e the end of Wothl War 
II lli»\ have been act ornpaitird in varving de- 
:u»* h\ -mil governmental measure* a* price *up- 
puli'- lot the principal agricultutal commodities. 


Table 3. Indexes of agricultural production 
by region. 1956-1959* 
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subsidies for fertilizer*, tax adjustments, and mar- 
keting hoard*. 

Agricultural extension services and research. 

(Government* in most of f.atin America, the Far 
hast. Western Asia, and North Africa have set up 
extension services to assist farmers with their pro- 
duction problems, while governments in other 
countries have further strengthened these services. 
In rno-l of the underdeveloped countries, however, 
extension programs have not operated long enough 
to he a siih-fantial factor in increasing production. 

In agricultural research, both well-developed 
and underdeveloped countries have done much. 
Many of the latter have established new experiment 
station* or rebuilt old ones. These undertakings, 
recent m origin, are likely to pay off increasingly 
in the vcar* to come. 

Agricultural technology. N otable progress has 
been achieved in agricultural technology and in 
better utilization of the phxsical resources of agri- 
culture. I hi'* progress has been accompanied by 
considerable reduction* in the farm labor force in 
Europe, North \rnerba. Oceania, and the Soviet 
l nion. Increase* in agricultural labor productivity 
have been marked, fur example. \ f ’, annually in 

extern hurope 1 excluding the Mediterranean 
<ounirie*i during recent war*, and even more in 
the I niled Mate*, hurope and North America ac- 
MMint for the bulk of the tot»d world consumption 
of 1 hcmi< ,tl fertilizer. In 19.37. the world, excluding 
the Soviet I nion and mainland China, consumed 
an i*m limited 2f1.ltKl.fKH) metric tons of nitrogen 
<N». pho*phoiji avid fP.-O-.i. and pota*h iK^Ol. 
Of tin* total, hurope consumed 9.600.000 ton*. 
North and Central America 6.700.000 ton*. A*ia 
2.0tM>.(H10 ton*, and Ninth \rnerica. Africa, and 
(he.i'iia the rem.it»»i Jr T. The underdeveloped area* 
of the world gener.JV evidence verv low fertilizer 
utilization and correspondinglv low acre yields. 

Agricultural rechanization. perhaps be*t *een 
hx th<* number of tractors in agricultural use. has 
also made much progre*s. In 1938 1939 the world 
had 2.600.000 tractor*. of which North America 
had 1.700.000. the Sxvirt Cnion 300.000. Europe 
300.000, and the re*l of the world 100.000. By 193.3 
the world total had ri*en to 7 .600.000. distributed 
as follow*: North and Central America. S.000.000 : 
Europe, nearly 2,000.000; Oceania. 270.000: South 
Ameriia. 1.38.000; Africa. 1,32.000: and Asia. 70.- 
(K H >, 

Cleat lx increased mechanization and fertilizer 
u*e have marked Agricultural development in Eu- 
tope. North America. Oceania, and the Soviet Cn- 
ion. But irrigation and land reclamation have 
claimed major attention in most other parts of the 
world, where the labor stipplv is abundant or ex- 
te*sivr. Significant progress in irrigation and recla- 
mation has been achieved throughout the underde- 
veloped area*, with India outstanding. 

Much work has been done in improving seed 
slin ks throughout the world, but their multiplica- 
tion and distribution to fanners have lagged badly 
in man\ places and especially in the underdevel- 
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Tabto 4. Ch«n|M in world agricultural production 
of corMn bask commodfflta. 1936*1997 



Acraaa*. 

% 

Production, 

% 

Wheat 

World 

+ 14 

f23 

North America 

-12 

+40 

Corn 

World 

+ 18 

f 37 

North America 

-10 

+49 

Cotton 

World 

0 

+ 23 

North America 

-36 

+ li 

Tobacco 

World 

+21 

f 29 

North America 

-6 

+50 

Citrus fruit 

World 


+64 

North America 


+ 87 

Mediterranean 


+64 

South America 


+21 


oped areas. The widespread use of hybrid seed 
eorn in North America is perhaps the most notable 
example of seed improvement over the past 20 
years (Table 41. 

During the last half of the 1937" 1957 period, 
especially the last five years of that period, in- 
creased attention was given to health anti sanitation 
services throughout the underdeveloped areas of 
the world. India, for example, broadened its ex- 
tension program to include services for community 
development, including educational, health, and 
sanitation services to the farm people. Such meas- 
ures are now operating to reduce infant mortality, 
increase the average individual's life span, and 
thereby increase the annual rate of population 
growth. 

However, agricultural production will need to be 
greatly increased if these larger numbers of people 
are to he adequately fed and clothed. In vast areas, 
prewar food intake was very low. and famine came 
again and again. Despite the so-called surplus food 
grains stored in various areas of the world includ- 
ing North America, the world’s production of food 
is barely keeping pace with its production of peo- 
ple. It would appear that many millions, notably in 
the Far East, are eating less than they did before 
the war. This condition is likely to worsen unless 
the affected countries can either greatly accelerate 
their agricultural development or industrialize fast 
enough to obtain the foreign exchange for in- 
creased food imports. See separate articles for spe- 
cific aspects of agriculture. [w.an.] 

Bibliography: W. W. Cochrane. Farm Prices: 
Myth and Reality , 1958; J. H. Davis and R. A. 
Goldberg, A Concept of Agribusiness, 1957; Out- 
look Charts , 1958, 1957; The World Agricultural 
Situation, CSDA, 1958; T. W. Schultz, The Eco- 
nomic Organization of Agriculture , 1953. 

Agriculture (drainage) 

The reclamation of area* suitable for agriculture 
through drainage of exce** water from inch lands. 
Within the United State* 900,000.000 acres is agri- 
cultural land. Approximately 400.000.000 acres is 


classed as crop land, of which about 53.000,000 
acres has been made available by drainage. It is 
estimated that 60,000,000 more acres can be made 
productive by drainage if economic conditions 
justify the undertaking. Good practice involves, 
both surface and subsurface drainage because the 
most efficient underground drainage depends on 
adequate disposal of excess surface water. 

Surface drainage. This type of drainage is usu- 
ally accomplished by the use of open ditches laid 
out in various patterns to fit local conditions and 
involves either bedding with dead furrows or land 
shaping and smoothing to alter surface* configura- 
tions and prevent ponding. Open ditches, supph- 
mented with tile inlets, are the most common and 
provide the necessary outlets. In addition op t -n 
ditches serve to intercept upland runoff of wafer 
and keep it from flooding flat lands. They also ad 
as collecting and delivery channels in je\ee and 
pumping districts. 

After the ditch location is decided, its si/«- j* 
usually determined by a trial and error procedun- 
With due regard for economics and the degree of 
protection warranted, an estimate is made «>t t| w . 
amount of water to be removed in 24 boms and a 
ditch size is designed to accommodate the aniii i- 
puted flow. When capacitv is to be matched wit!, 
demand, the most convenient unit of measureim-nt 
is cubic feet per second i ft 5 sec). Thus, a dit< 1, 
with a capacitv of 0.012 ft sec will remove a 
of water 1 in. deep over 1 a< re of watershed in 21 
hours. Greater or lesser values are dimtlv proper 
tional. The depth of water in in< lies to he remoml 
in 24 hours is known as the drainage « oeffn ient 

The carrying capacitv of ditches is determin'd 
•by computing the velocity of flow in feet per ^mini 
and then multiplying that figure In the area <»i 
cross section in square feel to yield discharge 
quantity in cubic feet per second. A trapezoidal 
cross section is assumed with side ‘■lope- equal !«• 
the angle of repose of the soil in which the ditrli 
is to lie dug. The depth and bottom width are then 
adjusted to fit loc al requirement* and give the de- 
sired discharge capacitv. The simplest velocitv 
formula is that proponed In C. G. Elliott wliii li 
applies to ordinary farm ditche* that are kepi m 
ideal condition : 



where r is mean velocitv in fl&ec: a, area »d 
cross-section in ft* 1 ; p, wetted itefimefrr of water 
contact in ft ; and h , grade or fall if| ft 'mi. 

Earm ditches are constructed wfith almost even 
kind of excavating equipment, including plows und 
homemade V-drag*. scraper* of various kinds and 
capacities, special ditching implement*, bulldoz'*^- 
draglines, back hoe*, and heavy earth-moving ma- 
chines of the kind used in highway construction 
Explosives have also been used advantageous!' 
in difficult situations. The choice depend* up» n 
available equipment, time limits for completion- tne 
magnitude of the job, and cost. 
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Types of tile drainage systems, (a) Natural system. 
,b) Intercepting system, (c) Parallel system, (d) Grid- 
iron system. <e) Herringbone system. 


Subsurface drainage, l T ridcrgrotind conduits 
,,n‘ provided In regulate the free nr gravitational 
wafer in soil pores within the root /one. In most 
-nils requiring drainage, a free water table exists 
,ii or near the airfare. Thi* i* re\ealed hv lhe water 
|,*vr| in test holes. It is ihe function of subsurface 
iliain^ In reduce the elevation of the water table be- 
j llW the root /one and hold it at this level after 
r.iiri" *>r irrigation applieatioris. The *»r*i 1 arid sub- 
must be of sneli nature as to allow reasonahh 
M|>id infiltration at the surface and internal per 
, i.lation of the water in it* movement to the dtains. 

I rider gmund conduit* nearly always cnn^M of 
,\ AS or enm rele rile in 1 ft lengths and with mini- 
r:,,an diameter- of 4 5 in. These are laid end to 
mil with open ?oints through which the water en 
Flln ient undenlrainage requites that tile of 
I (|iialil\ be laid in straight line- or curves in 
in m hes dug ami dressed to unifoim bottom grades 
M „1 located to fit the ground. Some patterns of 
'ill' drainage -vstem* are shown in the illustration. 

Depth and spacing of drains. After the align 
’".• nt pattern ha- been established. it is nei essarv 
determine the depth and sparing of parallel 
diain-. The depth of the drain- influent e* 
th»* iapidit\ of the water movement. In the mid 
I'nited States a praetiral norm is a bfl 
•b pth and 100-ft sparing. However, thi- i- subject 
t<* vvide variation with ehanging soil conditions. For 
example, in the more open soils of irrigated re- 
depths of f» 8 ft with spacing* of 2(H) ft or 
wti 4 «rr eomrnon. In gardens where rlav pre- 
li'iminates. tile lines have lw*en spared as close as 
ft and at a depth of 2 ft or less. 

Excavation. After the tile lines are staked out 
1 ,N ‘onventional surveying method* and the ruts at 
Nation established, the trenrhes are usually 
mated to grade by *|km ial excavating machines, 
as ihf wheel and bucket tv|>e. rndle*;* rhain 
‘fd bucket type. «r for larger tile in greater 
b-ngth^ barkhoes or dragline*. After lacing laid in 
,n ^ alignment and grade, the trench i* backfilled, 
and other accmorin, All tile *y*icm* 
have one or more outlet* (usually into open 
r | U |JS ' H ’hich muat he protected by head walla. 
r, l*rap. or long actions of overhanging metal pipe. 
I ,,n .\ ll ) r ** the last 20 ft should be cemented 
iZr i !■ " I1C * * w * fl *” 1R *hould be attached 
anim T to piwmt entrance of small 

a * during dry season*. Other accessor ie* fre- 


quently include inlets to admit surfac e water, man- 
holes. *-itt boxes at grude junctions. vent stacks, and 
other special structures, all of which require occa- 
sional inspection and maintenance. The importance 
of maintenance for open ditches as well as for tile 
systems* cannot be overstre«**ed. Ditches require 
continual gras- mowing, weed cutting, and periodic 
c leaning to keep them functioning at top efficiency. 
Sec Ac,RK ri TPRA’. ENGINEERING. [l.MI.A.] 

Hibliogra[>h\ : R. K. Frevert, (i. O. Schwab. T. W. 
Kdrnirisier. and K. K. Barnes. Soil and W ater Con * 
senution knglncerin g. 1955: H. B. Roe and Q. C. 
Avers, Engineering for Agricultural Drainage , 1954. 

Agriculture (structures) 

Ml buildings used on the farm for both human 
habitation and agricultural enterprises. Extremes 
of climate make buildings necessary. Climatic 
building zones have been established by the Ameri- 
can Sotietv of Agricultural Engineers to aid in the 
planning of farm buildings in the I’nited Stato 
i Fig. 1). These /*-.*'»• are based on the average 
temperature for the rr «»*»th of January, zone l being 
the coldest. Superimposed on the zones are the 
svinbol- A. B. C. and l). which indicate the number 



Fig. 1. Climatic building tonal. (Broken linet mork 
division! between low-temperature tone*; fading 
marks divisions between higK-temperature tones.) low- 
temperature tones based on overage Januory temper- 
oture: 1. 5-20°F; 2. 20-55°F ; 3, 35-50*F ; 4 over 
50°F. High-temperature tones based on number of 
hour* per year with 85"F or higher temperature. A. 
over 1000, ft. 750-1000; C, 500-750; D. 250-500. 
E, ton than 250. 
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of hours per year when the temperature is 85° F 
or higher, zone A representing the greatest. 

Kinds Of housing. Variations in management 
and in size and age of animals necessitate different 
degrees of control of the environment. Three prin- 
cipal kinds of housing are used to take care of 
these variations. 

First, open housing, provided with open-front 
sheds facing south or east and protected yards, is 
used in the warmer zones (Fig. 2). Such housing 
partially protects animals from winter wind. snow, 
and rain and furnishes some heat from the manure 
pack maintained during the winter season. The 
yards are protected by the building and bv wind- 
proof fences. In zones A. B, and C sheds arc open 



Fig. 2. Housing for a cow- and calf-raising project. 

1, Opon-front shed facing south; 2, feed-storage and 
-processing building; 3, silo; 4, feed bunk; 5, hay-feed- 
ing monger; 6, baled hoy or straw; 7, watering place. # 




CTi 





Fig. 3. Closed-type dairy bom. 


rv/r 

['-22* tt” 



Fig. 4. Building planned for storage and grinding of 
ear corn and oats for use as dairy feed. 1, Crib for 
corn; 2. bin for oats; 3. grinder to be betted to true 
tor; 4 , sloping Boor in crib; 5. grinder room; 6, rolling 
door to make room for belting tractor. 


on both the north and smith sides in summer to .i) 
low free circulation of air. These shed* arc row-p-d 
with highlv reflective material to reduce absorption 
of solar heat. 

Second, a variation of open housing with warn: 
ing of a small area in each pen is used for vuunj 
aniniah. Both tv pcs of open housing requite .i< • |j 
mated animals, that is. animals housed in npcj. 
sheds or vards during the fall season to prtpn* 
them for winter. Animals that art* not a< <-lirvi.tt# *1 
cannot adjust readilv to changes in the tveatlnT 
anrl are dependent on the barn l«»r protection 

Third is the tvpe called closed housing w hi«f. i- 
-used piin« ipallv in the colder zones, and i* <!< 
signed to provide protection for animals m 
rremes *»f temperature. 

Harris are used in animal husbandrv and t**r »!■■ 
storage of agric ultural products and equipim-p 1 
f Kig. 3». The lower boundarv of the optimum »-p 
vironrnent for closed dairv hams and 
rooms is 3.V* K. b tl' . relative humiditv. and *'j irul» 
hour air movement. 'I his is based primarih «*»i u* 
needs of the operator, the machines for opeiahn^ 
the enterprise, and the maintenance of sanitation, 
rather than the needs of the cow*. Acc limated < 
will produc e satisfac torilv at a t<rm|»eratuie of - r > f 
or even colder. Maintenance of c»ptimurn envimn 
merit in dosed barns requires building inMilnti*n: 
to reduce heat loss and automatic ventilation J" 
control humiditv. 

Enterprise* involving adult poultry, swine, »r 
sheep recpiire much the same environment i»* 
closedtvpe buildings as that ffr the dairv enter- 
prise. However, the animals ir| these enlerpih^ 
Ireing smuller. may require somewhat more pr<»t«‘' 
lion from mid than do the target dairy animals- 

Barns of the c losed type for housing yming "1°' 
must provide a higher temperature than that 
needed for producing rowv. At fcirth the Iwdvtnn 
perature regulating mechanism* of young anitnaj 
are not developed, and the animal* ore depen 
on the barn for assistance in maintaining 11 
needed body temperature. With alight change 1 *- t ^ 
barn for young *tork also meet* the nee * 0 
young poultry, swine, and «heep< 
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Fiq 5. Farm and farmstead layout where dairy and 
poultry ore the principal enterprises. 1, Resting barn 
♦or dairy cows, 2, combined milking and milk room; 
3, feed storage and -processing building; 4, combined 
nav storage, curing, and self-feeding barn; 5, bunker 
u !o equipped for self-feeding; 6, form machinery stor- 

Grain storage and -processing buildings. Kuril 

'iintuiti* ii living rmbno enclosed 1»\ (>hu| 

1 Murage of grain requires the mninfcnant e 

iti environment *iifFu ientlv orv and low in tern- 
i»r;iturf that il will not muse the rmbno to Iw^in 
f h\r growth tor germinate i . Such an rn\ iionmcnt 
!- a ho needed to reduce* the development of mold 
■n flu- grain. Bins* tnu*t l>e roost nu t ed so a> to 
ptrinit fumigation of the grain to destrov fungi 
' Mw * present insert infestation in addition to pro- 
'iliftg adequate circulation of air for fining. 

Krin easing involves handling, grinding, and mix- 
l!i K tfig. X ». Buildings used for such purpose* 
hiH designed for use of machinery and equip- 
Kroievft.jug al*<> requires facilities fur pm- 
fMj'ting chemical changes, Mich as the making of 
M ^ •• hav and forage storage may require 
pfaisinii f„ r curing as well for handling and 
" ,p ding. 

ij l^iilding* housing machinery must provide fncili- 
°r lubricating. adjusting, calibrating, repair- 
n K- and Coring the mechanical equipment needed 

‘•r op rrH |jjjg ,j |f; ^ rf|| ^tpypriaen. 

ilu- S |. rV,Ce Individually or a* a group, 

; n .( ^ riutu res must meet the need for efficiency 
| Ha<hin! Sf L ^ f armerV time and energy. New 
1 * ”® v * increased efficiency in the field from 


age and repair building; 7, laying house; 8, double 
garage; 9, farm house; 10, hydrant to connect pump 
for fire protection; 11, pond to supply farmstead; 
12, watering place; 13, ponds with watering places in 
fields 'A, B, D, and E), C, posture. 


100 to >00'; in s,m». enterprises. For full advan- 
tage to he taken of these improvements. a like in- 
i reuse in elln ienc- id faeilities for converting field 
• rops into meat. milk, and eggs must he available 
to the funner. 

Buildings, xards. lanes, and fields should he laid 
out s*> that crop* can l>e stored easily in building* 
provided with self- feeding equipment, so that ani- 
mals , an he routed to the feed, w hether it be in the 
field or at the farmstead, and *o that they can he 
moved to a central holding or handling area for 
operations such ns milking testing, or treating 
(Fig. l. Buildings, vards. and gates must also Ik* 
arranged so that barns and vards can he cleaned 
w ith machine power. 

Nee At.RH fl.TI RAL V NniNKMUNT. : A Utter Y 1TR XL 
MA< H I xr.lt V. ! J.t'.W.] 

Bibliography: H. E. Cray. Farm Service Build- 
ings. 1955: J. C Woolev. Planning Farm Buildings . 
.3d ed.. 195.3. 

Agronomy 

The division of agriculture concerned with the 
growing of field crops such as the cereals and 
forage crops. Emphasis is on crop production, in- 
cluding experimental work on increasing yields, 
disease control, development of special varieties. 
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improving cultivation, and selecting for suitability 
to environmental conditions. The enrichment and 
conservation of the soil are also major objectives 
of agronomy. See Agricultural soil and crop 
practices; Breeding (plant); Cereal; Ferti- 
lizing; Soil conservation. [p.n.s.j 

Air 

A predominantly mechanical mixture of a variety 
of individual gases enveloping the terrestrial globe 
to form the earth’s atmosphere. In this sense air is 
one of the three basic components, air, water, and 
land (atmosphere, hydrosphere, and lithosphere), 
that interblend to form the life zone at the face of 
the earth. 

Some aspects of terrestrial air are well known, 
but others are in various stages of investigation or 
remain little understood. For outlines of composi- 
tion, chemical attributes, and structural and physi- 
cal characteristics of the earth’s atmosphere, see 
Air pollution control; Air pressure; Air tem- 
perature; Atmosphere; Atmospheric chemis- 
try; Atmospheric evaporation; Atmospiierm 
pollution; and for the science of the earth’s 
atmosphere, especially with regard to weather ami 
climate. $ee Meteorology. Radio, radar, rockets, 
satellites, and growing interest in interplanetary 
space and interplanetary travel are stimulating 
investigation of the upper atmosphere and the 
transition zone to outer space I see Aeronomy; 
Ionosphere). 

S>me aspects of air important in engineering 
are well known (see Air compressor; Compres- 
sor; Wind stress). Pneumatic equipment com- 
monly transmits force and energy in a variety of 
mining machines and drills, in air brakes, automo- * 
tive air suspension, and other devices. Aircraft 
navigate by special techniques and the principle* 
by which they move through the air are becoming 
better understood. See Aerodynamic force; Air 
navigation. fc.v.c.) 

Air Almanac 

A periodical publication of astronomical statistics 
useful to and designed primarily for air navigation, 
Several countries publish air almanacs. The U'.S. 
Naval Observatory and the British Air Council 
collaborate on a joint publication available in 
the United States from the Superintendent of Doc- 
uments. Each issue, covering a 4-month period. < on- 
tains equatorial coordinates of the Sun. the Moon. 

3 planets, and 57 stars, at 10-minute intervals, and 
other information. Although designed for air navi- 
gators, the air almanac is used increasingly by 
mariners who accept its reduced precision because 
of its greater convenience over the somewhat simi- 
lar Nautical Almanac. See Nautical Almanac. 

( A.B.M.J 

Bibliography. N. Bo wd itch, American Practical 
Navigator , U.S. Navy Hydrographic Office, H.O. 9, 
1958; J. C Hill, II, T. F. Utegaard, and G. Rior- 
dan, Dutton's Navigation and Piloting , 1958; U.S. 
Naval Observatory, The. Air Almanac . 


Air brake 

A means for stopping mechanical motion in whnli 
a brake shoe is moved against a brake drum by uj r 
pressure. Air brakes are used on trains, trucks, and 
buses. Compressed air stored in a reservoir is ad 
mitted to a cylinder when braking action is r#*. 
quired. The air acts on a piston to actuate ihe 
mechanical part of the mechanism (see Brake) 
On passenger trains, air brakes operate typiculh 
at a pressure of 110 psi; they stop the train in 
90% of the distance required by hand brakes 
Similarly on trucks and buses, the driver need ap 
ply only sufficient pressure to control a valve. Un- 
compressed air from a reservoir forcefully applies 
the brake through a cylinder. For safety, the \ a |w- 
applies the brake when the control pressure de- 
creases as illustrated. Thu*, should a train car m 
truck trailer become uncoupled, the brake would 
be applied. 


driver's brake release 



compressor auxiliary reservoir 

When driver operates brake valve, pressure fo tnol»- 
valve of oir brake is reduced. Triple valve then admi* 1 
compressed air from auxiliary reservoir to brake cyi 
inder, actuating brake rod. 


An alternate form of air hr.ik»*. ihe vannnr. 
brake, operate* l>\ maintaining a loss prc-*ur»* m 
the actuating cylinder. Braking action i* produmi 
by opening the cylinder to I he atmo*pher«\ Ih* 
brake fails safe in thal the brake i- applied if tl.» 
pump that maintains the vacuum *top* or if then.n 
trol line open*. The vacuum pump i* often ihr in 
take of an internal combustion engine. 

Airplanes are decelerated bv an air brake th.ii 
consist* of a flap which is projected, when needcii 
from the wings or fuselage. f* H K 


Air compressor 

A machine thal increase* the pgpsMirc of a ga* " 7 
vapor, typically air. by increasing I be ga* dm**!)' 
and delivering the fluid against .the connected *'■ 
tern resistance. The resistance ifay be on the *»' 
tion side, us with vacuum piimj*. or on the < 
charge side, a* with air compressor*. . 

Applications. Compressors are typically a|»P J*' 
to the operation of pneumatic toSla and rock dn « ■ 
conveying system*, furnace blast system*, v* 11 * 1 * 
tion systems, and the inflation <4 automobile t,r ' 
Gas and vapor compressor* are represented * 
refrigeration, air-conditioning, and heat-pinup M 
where they handle a wide variety of refngrra 




n tmr the condensation point such as Freon, am- 
monia, carbon dioxide, apd sulfur dioxide. Com- 
pressor* are used in industrial process operations 
„ u ch as nitrogen fixation and gas liquefaction, 
'lhey are used for repressuring and pumping on 
natural-gas transmission lines. 

The service applications may variously rail for 
Miction gas pressures as low as 10 * mm of mercury 
iwith ultra high vacuum pumps) or delivery pres- 
sures of 1000 atmospheres (with some chemical 
process compressors). Volumes handled mav lie as 
Miiall a» 1 cubic foot per minute (efrn) or as large 
an 1,000.000 eftn. A wide assortment of machine 
ivpe* available to meet these diverse conditions 
untl includes ( l ) positive displacement, rotary or 
rrciprocating. units; (2) free compression, cent rif 
ugal and axial, fans and turboblowers: 13 1 free 
compression, hydraulic-, gas-, or vapor-jet pumps; 
and <41 diffusion and getter pumps. For details 
and illustrations on many of these types «>f ma- 
chines .see Air conoii minim,; C.omcri ssor: Dir- 
m> km; Fan; tiAs ti brink: Hkirioikaiion ; Ti k- 
bink I'Hom.sioN ; Steam jki kjm iuh; Vaci'i m 
pi mc; .see also Pi mp. 

Basic types. The reciprocating compressor is 
>mtcd to the highest prr» ur*» servii e*. up to about 
1<MH) p*i when it would be constructed in three 
with intercoolers. Displa* emeu! seldom ex- 
im i„ 5000 cfm and a 3-ft stroke. Air compressors 
!nr the common industrial service of UK) p"i arc 
or two stage, selection being determined l»\ 
t -, Diioinv. Keciprocating compressors are equipped 
Mfli automatic \ul\cs which give accurate timing 
:.»r the admission and release of gas. and the 
maintenance of good volumetric efficiency (Ivpi- 

• .ills .ihout 7 VJ ). Water lackets limit metal tern- 
^natures and maintain running clearances on ma- 

hmc parts. On small, portable, and garage t\ pc 

• iimpresHors with free air capacities of about 100 

• fin. air jackets mav lie used. 

Hotarv i mn pressor* are built in capacities as 
high as 50.000 cfm and compression ratios are 
'Miiillv moderate (less than 3:1). Some designs, 
•ii. h as those with helical lobes or sliding vanes, 
are good lor ratio* of 6:1. Hotarv compressors are 
ratable for direct connection to high-speed drivers 
M »'h ns automotive engines and electric motors. 
Hotarv compressor* use no valves, and a port 
' "iisiniiiion. with or without liquid *ral*. con- 
ir«»U the kinematic* of the cycle. The rotating 
are driven through and maintained in align- 
nrein gears. 

Free i onrpreMiun device* include fan* and hlow- 
( ' K <>f tk- centrifugal or axial-flow type, limited 
l ,rf,s *ore ratios so small that the change in den- 
s,,v <»f the fluid on passage through the unit is 
n,, |thgihle. The head gain is customarily measured 
m of water on a manometer bui < apacitie* 
he loo 1.000,000 cfm. When higher ratios of 
, |‘ , npre^i on are required, the multistage erntrif- 
r ,|£a ,>T ttXUi l compressor can he used with pressure 
* U} \ ** 10:1 and frequently operating at 

M-rd, ,)( 5.(KK> - 10.000 rpm. 
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Jet compressors are free of moving parts; they 
may be built in «izes» as large as 10,000-20,000 
cfm, and compression ratios of 5-6:1 in a single 
stage. They are especially suitable for vacuum 
service when steam is used as the actuating jet for 
entrainment of the noncondensible gas. For high 
vacuum, they are made multistage and equipped 
with intercoolers and aftercondensers for improved 
efficiency. I T.B. ] 

Bibliography : T. Haumeister fed.), Marks' Me- 
rhnnu al Engineers * Handbook , 1958; Compressed 
Air and (»as Institute. Compressed Air Handbook , 
2d ed.. 1954. 

Air conditioning 

Control independently and simultaneously — of 
the temperature, humidity, motion, and quality 
of the atmosphere within a defined space (Fig. 1 ). 

I he defined "pace iiMiallv is an enclosure, but in 
** 000 * cases it is an open region (as an operator’s 
fixed working position in a hot industry ) or a par- 
tially open region fa** an unroofed patio or lobby j. 

I he design state t fixed by the values of tempera- 
ture. humidity, and air motion in the conditioned 
‘-pace) mav vary over a wide range when the air 
conditioning is for an industrial purpose, as in 
product storage, textile manufacture, or printing. 
W hen the purpose is to establish thermally com- 
fortable conditions for the occupants (this is the 
purpose of by far the greater number of installed 
air conditioning sterns) the design state is fixed 
within narrow limits from physiological considera- 
tions i Fig. 2 1 . 

Thermal comfort. When a healthy individual 
loses bodv heat to the surround (his environment) 
at the same rate at which heat is released within 
his bodv < mrtaboli-.n l as a consequence of the 
fundamental process* of maintaining life (as in 
heart and lung action) and the secondarv processes 
of living (external work through muscular action 
as in walking or tv ping), he WIs thermally coin- 
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Fig. 1. Air conditioning system in a theater. (From 
J, ft. A lion, J. H. Wollrtr, J. W. Jam**. Htflfiog ond 
A if Conditioning, McGraw-Hill, 1944) 
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Fig. 7. Comfort zone*: winter for convection-heated 
rooms, summer for air-conditioned rooms where occu- 
pants remain long enough (more than 3 hours) to be- 
come fully adopted to the room conditions. Tempera- 
tures are based on relative humidities between 30 and 
70 %. {American Society of Heating and Air Condition- 
ing Engineers, Heating Ventilating Air Conditioning 
Guide > 1959) 

fortublc. The average sedentary adult has* a meta- 
bolic I heat production) rate of approximate! v 400 
Bluhour and a bodv surface temperature close to 
85 C F. Such an individual loses ulxxjt 1 1 «» lb of wa- 
ter per hour by lung evaporation combined with 
tn^nsible perspiration. This water loss accounts 
for a body heat loss of approximate^ 100 Btn ^ 
hour i since it requires, at low sapor pressure, 
close to 1000 Btu to vaporize 1 lb of water). Thus 
an average sedentary adult would experience ther- 
mal comfort only if hi* body heat los* h> the com- 
bined mechanism* of convection and radiation 
amounted to approximately 300 Btu hour. 

In an enclosure with air and all interior sur- 
faces at TO^F. convective body heat lo*s amounts 
to some 140 Btu hour and radiant Ion* is 160 
Btu/hour; the total sensible (radiant plus con- 
vective) body heat loss is thus 300 Btu hour and 
thermal comfort would normally he realized. 

Comfort equation. Thermallv equivalent sur- 
roundings can be produced even when air temper- 
ature or mean interior surface temperature differs 
from 70' J F. The comfort equation states: I 'F drop 
in air temperature increases convective body heat 
loss to the same extent that T' F increase in mean 
interior surface temperature reduces radiant body 
heat Joss. Thus a room with air at 80° F and sur- 
faces at 60 "F provides thermal comfort equal to 
one with air at 60* F and surfaces at 80*F or to 
one with both air and surfaces at 70 *F. Onerai- 
ising. if thermal comfort for occupants working 
at any fixed metabolic rate were realized in a 
room with air and surfaces at any 4etrrmincd 


temperature t°F. equal thermal comfort would hr 
expected if air temperature were changed to 
Udfc.t')°F when mean surface temperature 
changed to (t T x ) ° F. 

The comfort expiation applies to air cotiditionni 
spaces in which air motion is between IS and 
ft min and relative humidity (actual vapor pre- 
sure of the atmosphere expressed as a percentage 
of vapor pressure in a saturated atmosphere at 
the same temperature) is from 40 70%. For air 
velocities or relative humidities outside of thev* 
ranges, the eomfort e«piation requires modified 
lion; qualitalivelv. an increase in aiT velocity nr a 
decrease in relative humidity corresponds tn » re 
duct inn in air temperature at fixed mean sw (.,,«. 
temperature I the converse is also true). 

Inside air temperature. The most important sj„ 

gle factor determining the effectiveness of comhwt 
air conditioning is the inside air tempeiufuie. Hut 
sin* e air temperature and mean surface temper,* 
lure are related hv the eomfort equation ami both 
art- iriitiallv unknown, it follows that u second rcla 
tionship between them must he established heforr 
either can he evaluated. Tile second equation rc 
latcs ste.ulv state rate .it which heat enters tiir 
structure as a function ol outside an temperature 
thermal resistance of tlo* sirm tine in* hiding n- 
air films, and the <as vet) unknown in-ide an i, u, 
perature to the equal rate at whi* h beat Iran*!*-*, 
ir«irn inside surface through the surface an film t<. 
instde air. This new equation. solved simulKmt 
*uis|\ with the rovnhirt equation. gives the hh( 1< 
air temperature 

As a thermal * mnfort basis for evaluation o| tb* 
slimmer design inside air teinper.iliire. it is ikh 
nton prjetne tn srlei t urbitrarilv a 7.3 F lo 77 f 
thermal lei el (conditions equivalent l*» an u n«l 
mean stirfat e both at 73 F-lo-75 Ft «u a lit) F t«> 
K0 F design level. In extremelv hot cliniate*. i 
level as high as ftfi F ui-Ha F mav occasinnalb l«* 
ii ved. For whatever thermal level is sejei tcil. tin' 
procedures outlined establish the correspornlni}! 
design value of inside air temperature. F'or winter 
the recommended thermal level is 7O'F-lu*70 F 

Relative humidity. Helaiive humiditv (HH> h * 
measure of the water vapor in the* atmosphere. F° r 
comfort, relative humidity should runge from 
i0h' . Below 20% RH. excess drying of tin* nm- 

coils membranes of the nose and throat occurs eM\ 
possibility of greater susceptibility to ic-qiiraiun 
infection: above 70% RH. even %hen thermal ‘‘om- 
fort exists, the occupant will Experience an un 
pleasantly moist feeling over nt|nv locali/cH ^kin 
areas. In term* of economical *q|niner opera! i«n 11 
is usually preferable to select a| relative ItuiiiWjJ' 
greater rather than lc*t» than SQfr. since nurm-i' ' 
the coat is | *** per Btu tn renjove *en*iMr hf« 
from a*r (transfer by convection, conduetien. 1,1 
radiation) than it in to remove latent heat (h> 
dentation of water vapor from the airi; hu * 1 
cushion of method* of changing relative Hun»' 1 v 
%ee HlMIDITY COMTftOh. . j 

Efftctiva tamparvtura. An arbitrary w ' icx . 
thermal level i« effective temperature. U* "" m 
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, -,l vahu* in that of still, saturated air that would 

product* the suiiir sensation of warm or mid o n Air conditioning, automotive 

•- *•«, »»*** U( 1 "* al * ««nl*i*»a*iou .,{ air An air cooling. and usually an air healing, .mil in- 

itiiiperalure, humidity, and air motion. I hr., ugh- Mailed in an automobile. It differ* from other com- 

■ml comfort region on a psych. ..metric chart prcssi.u.-ivpe mechanical refrigeration air condi- 
I I’svc'ik'Mkthi. sK line* of constant specific lioning units in that the speed of the compressor is 
„,l"...c arc also approximations to lines of con- usually controlled hy the speed of the automobile, 
sun ,l ''!*l"‘ ,, alure. Optimum summer com- since the compressor is ordinarily belt-connccted 

foil fl,r '*«■ occupant occurs at an e|. <„ r , „. d through u , :|ut ,. h , the ( . ar jne 

tcdne temperature approximately S n f above the The condenser is normally located as an auxiliary 

,,.|„e for optimum winter comfort. radiator placed in parallel with the ear’s radiator. 

Air quality, for eomlort air conditioning, air and is often locate.! either in the 

.pialilv i» practically unaffected hv the occupants. trunk com,, ailment or in the occupied s e ,tion of 

pioviding that the rate of outside air introduction t|„. , at , in< j,. r the dashboard: in built-in installa- 

ailhcient to prevent ol„ectional,Je body odor lions the compressor, ev aporator. and condenser are 

•«» f' m'n depending on the all installed ahead of the fire wall, flexible piping 

ioe. onomic clas. ol the occupants, the tvpe of connections being used to minimize installation and 
M r conditioning and the* enclosure volume replacement difii. uh>. 

available per occupant*. When odor i* not a Siiio* n-friiseialion load nere^arily subjrt-l lo 
problem. there will be no ddhenltv diM* to either wide varidtiiin depending on speed, orientation. and 

■ mins far! ion dioxide from respiration or Mb** mr time of operation of the automobile, it follows that 

•.ll.'in > owgen shortage. .See (.oMlcntl foviitni.. a major prohlem with this type unit i*« that of con- 

i t.w.m . ( trolling the available* cooling capacity as a function 

Hi/thugnif»h\ : American Society of Heating and ot the impo-ed f inding load. One commonly ri^ed 

\ ir t.ovtdivioriing Engineers, It rating f rntilaimg method of providing such control i* with a tiler- 

j,« ( touhiiomng (fiwlv, annual: b , W. Hutchinson. iiijIIv operated valve (activated hy a thermostatic 

n.sinn ol Air Conditioning *N yslnns. 1WH; W. If hulh at evaporator discharger which causes the 

Wnulrii h .Hid \V. H. Woolrich. .Ir.. Air Conditioning. ■ omprc^Mir di*c barge to hvpas* hack to the suction 

*id«* at time* of b»w load; a second method is to 
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have the thermostatic bulb cycle the compressor 
by means of a magnetic clutch. 

Automobile systems have compressor speeds in 
the order of 4000 rpm, capacities averaging 1500 
Btu/hour (IV 4 ton of refrigeration), and gross 
weights in the order of 200 lbs or less. .See Air 
conditioning; Refrigeration. fF.w.HU.] 

Air cooling 

The lowering of the air temperature, usually for 
comfort control. Air is commonly cooled by direct 
convective heat transfer of internal energy (sensi- 
ble heat) from warmer air to a lower-temperature 
transfer surface or medium. The transfer can be 
through a heat transmission surface* usually me- 
tallic and thin, often possessed of secondary ex- 
tended surface — to a circulating cool fluid or a 
low-pressure, evaporating, liquid-vapor mixture. 
The fluid or mixture acts as the heat receiver. Al- 
ternatively, the heat transfer can be directly to a 
wetted surface such as a lower-temperature droplet 
in a spray pond or in an air washer. Whatever the 
mechanism, stored interna] kinetic energy leaves 
the air and travels down a thermal hill to a receiver 
in which the thermal energy either goes into stor- 
age with associated temperature rise (as internal 
kinetic energy) or goes into partial internal po- 
tential storage during a constant-temperature proc- 
ess of evaporation. 

The major technical distinction between dry 
cooling of air and wet cooling is that when cooling 
is wet — as when the heat transfer surface is either 
a droplet or the wetted surface of a coil- -there 
will be an accompanying and simultaneous tend- 
ency for vapor to migrate with possible increase or 
decrease in the absolute humidity I weight of water 
vapor per one pound of dry air ) of the air stream. 
Measurement of the temperature and humidity of 
the air permits immediate determination of the 
vapor pressure of water present, and hence permits 
evaluation of that temperature (called the dew 
point temperature) to which the air-vapor mixture 
can be corded before the vapor will start to con- 
dense. See Psych rom ethics. 

Cooling procost. Whenever an air-vapor stream 
is brought in contact with, or passes over, a surface 
—wet or dry — that is at a temperature lower than 
the dew point temperature of the air- vapor mix- 
ture, there will be condensation at or on the sur- 
face with reduction of the vapor pressure of (he 
adjacent air-vapor film to its saturation value, len- 
der these conditions, a vapor pressure gradient will 
necessarily exist fTom the higher pressure vapor 
in the warmer body of the air stream toward the 
cooler surface; this pressure drop between main 
air stream and wetted surface will therefore cause 
a vapor migration out of the atmosphere even 
though the temperature at many points of the at- 
mosphere will exceed its dew point. As the migra- 
tion continues in the direction of the wetted sur- 
face. additional condensation will occur on the sur- 
face, the air stream will be cooled as a result of 


the loss of both sensible and latent heat, and tin* 
subsequent uniformly mixed air-vapor atinospheie 
downstream from the cooling surface will be at 
a lower air temperature (dry bulb temperature >. 
a lower dew point temperature, and will have a 
lower absolute humidity, though its relative humid* 
ity may not be higher than at approach to the 
cooling surface. 

Control Of air cooling. When the wetted surface* 
method is used, the surface temperature is con- 
trolled so that the ratio of sensible heat loss to 
total heat loss (sensible plus latent) will meet tin* 
required load conditions of the installation. For 
wetted-surface cooling, any reduction in tempera- 
ture of the surface below the dew point of the 
entering air-vapor stream will both increase the 
total heat removal (at fixed air volume) and siinul 
taneously decrease the ratio of sensible to total 
heat removal. When a dry surface is used, no latent 
heat change will occur and the sensible heat Jum. 
(then equal lit the total heat loss) will increase j. 
the surface temperature decreases toward the dr* 
point. 

Simple evaporative cooling. Thcimodvnanu 

rally, evaporative cooling involves the equal »\ 
change of sensible and latent heat so that tlu* «*n 
ergy (enthalpy) associated with the moving an 
vapor stream remains the same even though tin 
temperature decreases and the absolute humidify 
increases. Evaporative cooling is frequently <«urmj 
out by blowing relalivelv dry air through a vw-ttoi 
mat or water spray, the energy needed for tin 
latent heat of vaporization being supplied 
sensible transfer from the air stream to the cv.ijm. 
rating fluid I Fig. 1 } . 
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Fig. 1. Air is cooled by evaporajflng water. 


IC6 IS tart sink. Ice as a h*at receiver for air 
cooling is economically limited to inetfln« l * 0,,w 
which are operated only at interval*, ** ar< * 
churches and meeting hall* (Fig. 2). The usual ,(C 
installation involve* the circulation of cold ' va,rr 
from ice storage tanka; the water undergo** a ,<n1 
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Fig. 2 . Air It cooled by circulating ice-cooled water. 

perature rise as it goes through the moling mils 
over which the air is circulated, and is then re- 
turned to the tank where its temperature i* once 
again reduced as a result of transferring the latent 
heat of fusion I 144 Btu 'lb I to the melting 32 C F 
hy. Initial costs of ice s> steins are not high, hut 
operating costs rarely are low enough to permit 
other tliun intermittent operation. 

Mechanical refrigeration. The heat sink can con- 
-i-l of a series of mechanically connected processes 
tor the reception of the heat leaving the cooled air. 
The processes raise the temperature level of this 
received heat to permit its rejection to an eco- 
nomic ally available reservoir I see Hkhou.h \ riON i. 
I he compression-^ pe mechanical refrigeration sys- 
tnn affords an effective means of utilizing shaft 
•■ticrgy (such n* electric power l to pump thermal 
••nergv continuously from a lower to a higher tern* 
peiature level. 

Steam-jet refrigeration. A steam-jet vacuum 
pump can be used to cause the refrigerant to 
^dporate and thereby mol itself (Fig. 3). The 
ifihnique i« equivalent in energy processes to me- 
■haniral compression systems, except that high- 
prPHsure steam is used to aspirate vapor from the 
'•Mporator, thereby maintaining the required low 
pressure; the same steam jet compresses the aspi- 
rated vapor and discharges it to a condenser. Sinre 


primary ejector 
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coo *o, in turn, by evaporatlan in ffath tank. 


water is the refrigerant, the minimum evaporator 
temperature must be greater than 32°F. 

Absorption rofrigoraftion. An absorption system 
retains the condenser, expansion and evaporator of 
the mechanical compression system, but reduces 
the power requirements by raising the saturation 
pressure of the refrigerant while it is in liquid 
rather than vapor form. This is done by using a 
secondary fluid- the absorbent — which has an af- 
finity for the refrigerant when in vapor form; in 
aqua-urnmonia systems, for example, liquid water 
is used to absorb ammonia vapor from the evapora- 
tor as it is bubbled through the absorber; the cool, 
concentrated solution of ammonia is then pumped 
(rather than compressed) to the required higher 
pressure and a subsequent heating process- -in the 
generator -causes vaporization of the hot, high- 
pressure ammonia vapor (with some water vapor 
carry-over) which is then purified and subse- 
quently passes to the usual condenser. Absorption 

'•'terns find greatest application for installations 
where electric power is costly, hut low-temperature 
heat and cooling w \ter are inexpensive, |f.w.hl\'J 

Air filter 

A lomponent of most types of systems in which air 
is used for industrial processing, for supplying 
oxvgen in combustion, or for comfort air condi- 
tioning. The purpose of an air filter is to reduce 
the < oncentration of solid particles in the entering 
air stream and to do so with a minimum inlet-to- 
oiiilet pressure loss (since loss of pressure in- 
creases the power costs for moving the air stream). 

Major factors governing filtration effectiveness 
are the size lor fractional size distribution) of the 
entering particles the density of the material 
which comprises the particles, and the approach 
velocity of the air streem. Three basic methods are 
n*ed to remove particle*: (1) simple straining, in 
which a close-mesh material stops the required 
percentage of entetmg particulate matter; (2) im- 
pingement in which a relatively coarse filter me- 
dium brings about many changes in direction of 
the air Mream thereby attempting to cause the en- 
trained solid particles— due to their momentum' 
to leave the air stream and impinge on a surface 
provided with adhesive material; (3) electrically 
charging the entering particles and then applying 
a potential difference normal to the direction of 
air flow so that the partichs are electrostatically 
precipitated. 

In terms of ordinary household cleanliness, the 
larger particles of dust and lint (visible particles 
over SO p. or him in. in length or diameter) 
are the ones of greatest significance. Hygienically. 
however, the smaller invisible particles— from 
0.1 /i for fine smoke to 10 p for average non- 
organic mateiial to 20 /i for the hay-fever-causing 
pollen of the giant ragweed -are of greatest sig- 
nificance. These smaller particles more readily 
pass the nasal filter and enter the smaller pas- 
sages of the throat and lungs. 
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Dust-caused pulmonary diseases of industrial 
significance — such as silicosis and pneumoconiosis 
— are largely caused by particles too small to be 
visible to the naked eye; it is for this reason that 
the effectiveness of a filter installation in industrial 
or commercial application — as in a foundry— must 
usually be expressed in terms of the concentration 
of dust that remains in the air on the downstream 
side. Even though the fraction by weight removed 
by the filter may be large, the effectiveness of the 
filter will not be adequate unless the concentration 
of leavings (small particles that pass through the 
filter) is reduced to a safe value. Permissible con- 
centration varies with the type of dust and, for a 
given questionable installation, should be ascer- 
tained with the aid of an industrial hygienist. 

Dry air filters. Simple strainer-type dry air fil- 
ters are usually made of fabric arranged in 
V-shaped pleats within the filter frame. The pleats 
provide 4-5 sq ft of filtering surface per sq ft of 
duct cross section, thereby increasing the dust- 
carrying capacity of the filter and decreasing its 
resistance. Dry filters can be constructed, using a 
deep iH-in.) fiber bed of particles approximately 
1 fi in diameter, that collect very fine particles. In 
general, however, the dry filter is characterized by 
a more rapid resistance rise than a viscous filter; 
when the resistance becomes so great that change 
is required, the filter medium may in some cases be 
taken from the permanent filter frames for replace- 
ment or. in other cases, ran be cleaner! and reused. 
Othi r types of throw-away dry filters provide for 
complete replacement of the unit. 

Viscous-impingement air fitters. Impingement 
filters have a relatively loosely arranged medium 
that changes the direction of the passing air 
stream. The surfaces of the filter medium are usu- 
ally a fiber pack - such as glass, non ferrous wool, 
redwood bark, or animal hair- -for throw-away or 
for manually cleaned replaceable units. For auto- 
matic viscous filters--- such as the movable curtain 
type — metal plates are ordinarily used. In either 
case the media surfaces are covered with an ad- 
hesive (often called a saturant); the adhesive 
must have a viscosity that is essentially constant 
over the operating range and must have a high 
capillarity (wetting ability) to assure ready cap- 
ture of the dust particles; further desired attri- 
butes are fire-resistance, minimum or nonobjection- 
able odor, and low evaporation rate. 

The resistance through viscous filters varies 
widely, but the average for low-velocity units (ap- 
proximately 300 ft per min face velocity) is in 
the order of Vicr^io in. of water. Automatic viscous 
filters usually operate with a face velocity in the 
order of 500 fpm and a pressure loss of approxi- 
mately Vi in. of water. 

Electronic air cleaners. To clean ventilation air 
electrically, a potential of around 12,000 volts ion- 
ises the dust particles in the air stream at the ap- 
proach to the cleaner. The charged particles then 
pass between horizontal plates, which are alter- 
nately positively charged (to around 6000 volts) or 


grounded ; the ionized particles are thereby driven 
to the grounded plates. In some instances the abib 
ity of the plates to retain a high dust load is im- 
proved by the use of an adhesive coating. Ele<. 
tronic cleaners are particularly effective with fin? 
particles; pressure drop overages 0.2 in. of wairr 
for a face velocity in the order of 350 fpm. .S»v 
Aerosol; Dust and mist collection; Elkctiio. 
static precipitator; Particle properties. 

[ e.W.HI .1 

Air glow 

Weak, nonthermal radiations from the atmo*p)m r , 
above 60 km (not including the aurora). These ( j r ,. 
subdivided into day glow, twilight glow, and night 
glow, according to the context. The spectrum 
shows one green and two ml forbidden lines „f 
atomic oxygen and the sodium I) lines. There an- 
also bands of oxygen, nitrogen, and the hydroxy | 
radical, which is by far the most intense 
feature of the uir glow. Emission is variable aim 
fakes place from different layers OH at a height 
of about 70 kin, OI |5577A) and Na l) lino ,u 
about 100 km, and Ol (red) above 163 kin. Ext ac- 
tion is probably caused hv recombination of mnl'- 
i dles destroyed by solar radiation during the <1.0, 
but cosmic-rav and solar- part ii lc impact ruav .ib* 
plav a part. The twilight glow spectrum s|,„v^ 
enhanced sodium and red oxygen lines ami a m * 
bund of ionized nitrogen. The day glow i*. pre-nn 
ablv similar. >ee Aikonom*. 

Air mass 

A term applied in meteorology to 411 extensive limb 
of the atmosphere whi< h approximates hori/i>nt.d 
homogeneity in its weather t harai leristic* \n .11 
mass mav be followed on the weather map a* a 
entity in its day-to-day movement in the general • 11 
dilation of the atmosphere. The expression* an 
mass analysis and frontal analvu- are applied » 
the analysis of weather maps in terms of the pr» 
vailing air masse* and of the /ones of transit i<n 
and interaction ( fronts 1 which separate them, lb 
relative horizontal homogeneity of an air ma* 
stands in contrast to the sharp horizontal change 
in a frontal zone. The horizontal extent of imp«r 
tant air masses is reckoned in millions of ^pian 
miles. In the vertical dimension, an air ma** 
tends at most to the top of the troposphere and frr 
fluently is restricted to the lower half or le*- of tb* 
troposphere. The frontal zones between air ma , -e 
usually -sb>|>e in such a manned that the colder mi 
muss underlie* the warmer as a£ wedge. In llieverti 
cal direction the properties of |tn air mass. *P <v,h 
rally it* content of heat and fnoistnre. may van 
between a high degree of stratification and one '»i 
homogeneity produced by vertical mixing. s " 
Front- Meteorology; Weather map. 

Devftiopnttnt of th# concept. Practical applx j 
lion of the concept to the air mass and frontal an*^ 
ysi» of daily weather maps for prognostic ptirp 0 * 

was a product of World War I. A contribution 0 

the Norwegian school of meteorology 



Air mots 


149 


V. Bjerknes, this development originated in the 
substitution of close scrutiny of weather map data 
from a dense local network of observing stations 
for the usual far-flung international network. The 
advantage of air-mass analysis for practical fore- 
casting became so evident that during the last sev- 
eral decades the technique was applied in more or 
modified form by nearly every progressive 
weather service in the world. However, the rapid 
increase of observational weather data from higher 
levels of the atmosphere during and since World 
War II has resulted in a progressive tendency to 
drop the careful application of air-mass analysis 
techniques in favor of those involving the kinemati- 
<al or dynamic analysis of upper-level air flow pat- 
terns. See Air wave*. upper synoptic. 

Origin of air masses. The occurrence of air 
masses as thev appear on the daily weather maps 
depends upon two facts, the existence of air-mas* 
nource regions, and the large-scale character of the 
branches or elements of exchange of the general 
circulation. Air mass source regions consist of ex- 
tensive areas of the earth’s surface which are sufh- 
«icnil\ unifoim so that the overlying atmosphere 
i< quires similar characteristics throughout the re- 
cl ,,u; that is. it approximates horizontal homogene- 
ity The designation of an area of the earth’s suir- 
u, e as a source region assumes that the overlving 
atmosphere in that area normallv remains there 
iniig enough to approximate thermodvnamir equi- 
lil.i mm with respect to the tinderlving surface, or 
m other words, to acquire the weather chararteris- 
im - that t> pifv that particular source region. 

Ihe large- «cale character of the elements by 
\,hi« h the general » irctilalion is accomplished i* ob- 
^rvd on the daily weather maps in the major at- 
rnnspheric currents of polar or tropical origin 
a hose southward or northward progress can he 
triced from day to day. These major currents, to- 
gedier with the associated polar and tropical air 
r.u-se*. are the elements of exchange by means of 
shich surplus heat is effectively transported from 
tropical to polar latitudes. 

Weather significance* The thermodynamic prop- 
er* ic* of an air max* determine not only the general 
• 1‘arat ter of the weather in the extensive area rov- 
wd h> the air mass but also, to some extent, the 
"event y of the weather activity in the frontal zone 
<*f interaction between air masses. Those properties 
*hich determine the primary weather characters- 
of an air mass are defined by the vertical dis- 
tribution of the two elements, water vapor and 
h^at (temperature). On the vertical distribution of 
vater vapir depend the presence or absence of 
“rndermtion forms and, if present* the elevation 
a, 'd thickness of fog or cloud layers. On the verti- 
cal distribution of temperature depends the relative 
H «nnth or coldness of the air mass and. more im- 
portantly, the vertical gradient of temperature. 
, m »wn aH th® lapse rate, The lapse rate determines 
* ‘lability or instability of the air mass for ther- 
na convection and consequently the stratiform or 
■Hiveciivf cellular structure of the cloud forms and 


precipitation. The most unstable moist air mass, in 
which the vertical lapse rate may approach 1°C/ 
100 m, is characterized by severe turbulence and 
heavy showers or thundershowers. In the most sta- 
ble air mass there is observed an actual increase 
(inversion) of temperature with increase of height 
at low elevations. With this condition there is little 
turbulence, and if the air is moist there is fog or 
low stratus cloudiness and possible drizzle, but if 
the air is dry there will be low dust or industrial 
smoke haze. See Temperature inversion. 

Classification. A wide variety of systems of clas- 
sification and designation of air masses was de- 
veloped by different weather services around the 
world. The usefulness of a system with type desig- 
nators to he applied in the analysis of weather 
maps is directly proportional to its effectiveness in 
accurately expressing the thermodynamic proper- 
ties which determine the weather characteristics of 
the air masses. These properties are imparted to 
the air mass primarily bv the particular source 
region of its origin and secondarily by the modify- 
ing influences to which it is subjected after leaving 
the source region. Consequently most systems of 
air-mass classification are based on a designation 
of the character of the source region and the sub- 
sequent modifving influences to which the air mass 
is exposed. Probably the most effective and widely 
applied system of classification is a modification of 
the original Norwegian system that is based on the 
following four designations. 

Polar trrsus tropical origin. All primary air- 
mas- source regions lie in polar {P on Figs. 1 
and 2) «*r in tropical [ T) latitudes. In middle lati- 
tudes there occur the modification and interaction 
of air masses initially of polar or tropical origin. 
This difference ot origin establishes the air mass 
as cold or warm in character. 

Maritime versus continental origin. To be homo- 
geneous and air-nass source region must be exclu- 
sively maritime or exclusively continental in char- 
acter. On this difference depends the presence or 
absence of the moisture necessary for extensive 
condensation forms. However, a long trajectory 
over open sea transforms a continental to a mari- 
time air mass, just as a long land trajectory, par- 
ticularly across major mountain barriers, trans- 
forms a maritime to a continental air mass. On 
Figs. 1 and 2. m and r are used with P and T 
(m/\ P, mT, cT) to indicate maritime and conti- 
nental character. 

Heating versus cooling by underlying ground . 
This influence determines whether the air mass is 
vertically unstable or stable in its lower strata. In 
a moist air mass it makes the difference between 
convective cumulus clouds with good visibility on 
the one hand and fog or low stratus clouds on the 
other. Symbols W (warm) and K (cold) are used 
on maps — thus, mPK or mPW . 

Convergence versus divergence. Horizontal con- 
vergence at low levels is associated with lifting and 
horizontal divergence at low levels with sinking. 
Which condition prevails is dependent in a com- 
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WEST 

Fig. 1. Air moss source regions, January. High and 
low atmospheric pressure centers are designated H 
and L within average pressure lines numbered in milli' 
bars such os 1010). Major frontal zones are labeled 


EAST 

along heavy lines. {From H. C. Willett and F , Sander < 
Descnptrve Meteorology , 2d ed.„ Academic Proa 
1959V 
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WEST EAST 

fig. 2. Air man source region*, July. Symbol* used f. Sandan, 0e»cripf<Ve Meteorology. 2d ed., Aeod#m« 

ore die *ame a* for Fig. 1. < from H. C. Willett and Prau, 1959) 









p|r* manner upon the large-scale flow pattern of 
die air mttHM. Horizontal convergence produces 
>rtical instability of the air mass in its upper 
rata (// on maps), and horizontal divergence pro- 
vertical stability (.« on maps). On this dif- 
> r cik, e depends the possibility or impossibility of 
rurrence of heavy air mass showers or thunder- 
rowers or of heavy frontal precipitation. Fxarn- 
of the designation of these tendencies and the 
itcrmediate conditions for maritime polar air 
ldV ,es are: mPIf's, mPU\ mPW u, mPs, mPu, 
if'Ks. tnPK . and MPKu . | im..wi.| 

Ihbtiofiraptn: H. C Willett and F. Sanders, /><• 
nptire Mcteorolagw 2d ed.. 

tir navigation 

lo* process of directing the movements of aircraft 
rom one |H)int t«» another. The three principal 
irthods are pilotage, dead reckoning, and celestial 
,i\ ignition. .See (*m(ntiai. navigaiion; Dun hi * k- 

PlMHING. 

Pilotage mav he performed vi*-uallv bv rioting 
jriniis landmarks passed, and comparing them 
Mill information given on the aeronautical chart 
Miru however, pilotage is performed b\ means of 
iiHtionic aids to navigato 1 Hadio ranges, radar. 

the automatic radio direction finder arc corn 
, v ,nl\ u-cd f «>r rclativch *h<»rt distances from the 
Fm longer distance*., a * o\rr the ofeans. sp»- 
, ;,«) ^\stcnis sin h as loran or Consol are u-cd to 
:<.\ide positional information. Pilotage is the 
•nmipal method of navigating airn aft. 

I !r;id r»*« koning is the determination of position 
... .chain ement of a previous position for the di 
•i.icn and distance the air* raft is believed to have 

Inertial navigation and Doppler navigation 
ci rcientlv developed dead re* koning 

h automatically measure dire* lion and speed 
- * inotiori over the ground and provide <<»ntinuou* 
p'l»> iihon of posit inn. 

«*l*-s|iii! navigation is the dcierminaf inn of po- 
' iimi with the aid of celestial bodies. This method 
' M-cd prim ipalh on long overwater flights and 
i'i regions. 

M'M aeronautical charts are on the Lambert 
• ninrinal projection, hut other projection* are 
■l v " ll-ed. W IMRTIAL Gill MM K sY*TF.M: \AM 
1 U!n\; NvXIGArtOH SYsTtMS. KUOIIOMl. | A.B.M.] 
bibliography: L.S. Naw Hydrographic Office. 

,/f ^nWion. H O. 21b, 105.V; P. V. H. Weems 

br Navigation, 4th ed.. 1955. 

Air pocket 

' ri,n,,, l'* developed bv the early aviator* to de- 
M r| l ># ' an abrupt loss of altitude. When an airplane 
’ n » winters a downdraft, the effect is a *udden re- 
* n th * 1 angle of attack of the wings rela- 
ho \ U H * r * lh* airplane mmnentarilv 

•‘IV *^ an *** wr **kt* it drops toward the 
A^eleration downward allows it to 
Ik\ r v «lncity that change* the angle of at- 
k to normal when fall velocity of the air- 
r vfloc-ity of (he downdraft. With small 
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airplanes the sensation is much what one would 
imagine to be produced by flying across a pocket 
devoid of air. Downdrafts and updraft* in the at- 
mosphere may be caused by radiation of the sun on 
differing types of landscapes, or by changes in tie 
pography. Large-scale turbulence in the form of 
vortices with horizontal axes would also cause local 
regions of updraft and downdraft. Flying into an 
updraft causes an airplane to accelerate upward. 

[V.L.S.] 

Air pollution control 

Air pollution, according to the definition developed 
bv the Engineers Joint Council, mean* the pres- 
ence in the outdoor atmosphere of one or more 
contaminants, such as dust, fumes, gas. mist, odor, 
smoke, or vapor, in quantities. of characteristics, 
and of duration *u* h as to he injurious to human, 
plant, or animal life or to property, or to interfere 
unreasonably with the comfortable enjoyment 
of life and property. The sources of airborne 
waste*- are mans. They may he roughlv divided into 
natural, industrial, transportation, agricultural ac- 
tivity. commercial and domestic heat and power, 
municipal a<tivitie*. and fallout. See Atmos mimic 
POl i i t ion 

Sources of pollution. Natural sources include the 
pollen from weeds, water droplet or -pray evapora- 
tion residue*., wind -t*>rm dusts, meteoritic dusts, 
and surface detritus Industrial source* include 
vent i la* ion products from local exhaust system*, 
proce**. waMc di**t barges, and heat, power, and 
waste disposal bv combustion processes. Transpor- 
tation sour* cs in* hide motor vehicles, rail-mounted 
vehicles, airplanes, and vessels. Agricultural ac- 
tivitv sources includ* insecticidal and pesticidal 
dusting and spraying and burning of vegetation. 
Commercial heat anu domestic heat and power 
sources include gas-, oil-, and coal-fired furnaces 
used l** produce he;*: «»r power for individual dwell- 
ings. multiple dwellings, commercial establish- 
ments. utilities, and industry. Municipal activity 
source* include refuse disposal, liquid waste dis- 
posal. road and street planting operation*, and 
fuel-fired combustion operation*. Fallout is a term 
applied to radioactive pollutants in mass atmos- 
phere resulting from thermonuclear explosion. 

The sources are so varied that pollution of the 
atmosphere i* a matter of degree. Pollution from 
natural ources is in effect a base line of pollution. 
The major problems of pollution are associated 
with community activitv as opposed to rural ac- 
tivity, because community air is generally more 
grossly (K)lluted and rnav contain harmful and 
dangerous substances affecting property, plant life, 
and. on occasion, health. Environment is made less 
desirable bv the polluting influence and there i* 
ample reason to conserve the air resource in many 
wavs parallel to the need for conservation of the 
water resource. In actuality, the engineer is con- 
cerned with engineering management of the air re- 
source. a broader concept than the control of air 
pollution. 



1 52 Air pollution control 

Control* Air pollution control suggests in Us sim- 
plest form a background of knowledge concerning 
ideal atmospheres and criteria of clean air, the ex- 
istence of specific standards setting limits on the 
allowable degree of pollution, mean* of precise 
measurement of pollutants, and practical means of 
treating polluting sources to maintain the desired 
degree of air cleanliness. There are many areas in 
the above listing that are under research at the 
present time. University research foundations, fed- 
eral. state, and municipal air pollution control 
agencies, and all of the professional engineering 
societies are actively engaged in the development 
of criteria, standards, design factors, and equip- 
ment for the control of air pollution. 

Reduced visibility ha* been a focal point of air 
pollution for over 700 years. The burning of soft 
coal in England combined with the fog of the 
atmosphere forms a particularly opaque mixture 
which mav at times reduce visibility to zero. The 
word smog has been coined to describe this mix- 
ture i see Smou). Microscopic water droplets con- 
dense about nucleating *ubstances in the air to 
form aerosol*. An aerosol is a liquid or -olid *ub- 
mii-ron particle dispersed in a ga*eou* medium. An 
atmosphere having an aerosol concentration of 
about I mg in* has been estimated to limit vi-ihilitv 
to 1600 ft. The ma*s would contain perhap* 16.000 


particles/ml. Restriction in visibility is the result 
of light scattering by these particles. Chemical 
condensation of reaction products in the air mav 
also nucleate and grow to size that will bring about 
light scattering. Sulfur dioxide is also a nucleating 
substance as it oxidizes and hydrolizes to form su|. 
furic acid mist. 

Elimination of sources of pollution has been oik- 
of the favored means of controlling pollution. Their 
are many means of accomplishing the reduction „f 
pollution, imt complete elimination is not alwu\w 
practicable. Sulfur dioxide release can be rediunl 
by choosing low sulfur-bearing coal. An indit-in.i! 
process with a gaseous effluent can be changed to 
eiiminute the gaseous waste. bases and particuhitr. 
can he removed from a gas stream b> air-clcanii^ 
equipment. 

Air -f'l Mining drivers. Air-cleaning dev ires to u 
move particulates are selected to remove pattirlrs 
and aerosol* on the basis of their size ( Kig J . 
Screen* will remove coarse solid*. Settling i lum 
hers are container* which l»v expanded < 
lion reduce velocitv below 10 fp* and thru In 
allow particle* to settle. Particle- down in Hi t .,j 
crons in size mav he recovered with -m li • ti.im 
her*. Cvcloiie -eparator* operate b\ i n 1 1 *« ting ,t u - t , . 
stream taugentiallv at the top of j <\|indn<.ji 
chamber. A high velo* it\ spiral motion i- . rr lt t,.j 



portkl* tic# microns 


Fig. 1. Portid# six# rang#t for a#ro*ol», dust*, and 
fumet. ( from W. L. Faith , Air Pollution Control. Wiloy. 
1959) 


cleaned gas 



Pig 2. Typical cyclonic spray scrubber. 'from W. L. 
Faith, Air Pollution Control , Wi ley, 1959) 


|\ii 1 1 < Ir** arc centrifuged out of tin- ga* ttn-jin. hit 
t hi* -Me wall, and fall to j r«»nt( a! bottom out of 
*ht- air Hu* which turn** tip thtough th« t ore or \nr- 
t»*\ beginning at the bottom and flow** to the top 
jlinmgh a pipe in-erhM into the core and extending 
into the hotly of the cyclone. Particles from 10 to 
2ih) f / arc removed with .>0 *H)' , efficiency. Filter** 
t*rc made of cloth, fiber, or glass. Air velocities are 
!"u and efficiency i* about f>0 r ; for dr\ fiber filter**. 
Kth, irnev i* increased h\ u-inp a low volatile oil 
mmows coating. Cloth filters are ti*ual!v tubular 


cleaned gas 



f . w oter inlet 

Ai> i, vwiivrl scrubber. (from W. L. forth. 

NUon Control. W«oy, 059 ) 
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and a number of bags are enclosed in a large charm 
ber. Particles are trapped as air passes through the 
doth from inside to outside. Dust is knocked down 
by shaking and falls to a hopper. Bag filters remove 
l P) f r of particles above 10 -/a size. Wet collectors, or 
scrubbers, operate by passing gas flow upward 
through a countercurrent water medium. Water is 
-p rased or atomized. Deflectors may he added to 
provide an impinging surface. Scrubbers are effi* 
dent on J- to :>./i si/e particles (Fig*. 2, 3). Elec- 
trostatic precipitators operate |»y charging or ion* 
i/ing panicles a* the gas flow passe* through the 
unit dig. 1). Oppo.sjte-polc high-voltage plates, or 
ele< trodes. are provided and particle's are trapped, 
fo drop the material the current is interrupted. 

I re< ipitator* operate at 80 < )9 < ’ f efficiency on ion- 
i/ahle aeioMd* down to 0.1 size. 



high voltage electrode 
support insulators 



Fig. 1 Diagram of horizontal flow precipitotor. 
(a) Plan, ib) Elevation. (From W. L. Faith, Air Pollution 
Control, Wiley t 195 9> 


Scrubber* mav also remove water-soluble gases. 
Chemical* may he added tn the liquid to provide 
improved absorption. Filters packed with activated 
charcoal are used to adsorb gases. 

Atmospheric dilution* This provides another 
mean* of reducing air pollution. Meteorology of a 
region, local topography, and building configura- 
tion are critical factor* in determining suitability 
of atmosphere as a dispersal, diffusion, and dilution 
medium. Basie meteorological conditions of at- 
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configuration particles particles 



Fig. 5. Effect of building configuration on dispersal 
of gas plume. (Research Division , N.Y. Univ. College of 
Engineering) 


musphere that must lw considered include wind 
speed and direction, guMinesa of wind, and verti- 
cal temperature distribution. Humidity is nUo 
important under certain circumstances of emission. 
In general, diffusion theories predict that ground 
concentration of a gas or a fine particle effluent 
with very low subsidence velocits is inversely pro- 
portional to the mean wind speed. Vertical tempera- 
ture distribution is an important factor, determin- 
ing she distance from stack of known height at 


which maximum ground concentration occurs. Tern, 
perature of the stack gas has the effect of increas. 
ing stack height. Gas does not normally come u, 
the ground under inversion conditions, hut may 
accumulate aloft under calm or near calm comjj. 
lions and be brought down to the surface as \\\ v 
*un heats the ground in the early morning. Effect 
of building configuration is shown in Fig. 5. The 
turbulence introduced by buildings and topographs 
is so complex that it is difficult to make theoretical 
calculations of effect. Model studies in wind tun. 
nels have been used successfully to make predic- 
tions bused on measurements of gas concentration 
and visible pattern of smoke ( Fig. 6 ) . 

Incinr ration. The need for municipalities to find 
a means of disposing of refuse when land values arc 
high and little land is available for sanitary landfill 
has resulted in increased use of incineration fc»i 
refuse disposal. Incineration introduces problems 
• •f air pollution that are quite different from those 
of fuel-fired combustion. The material is not liotm. 
geneous, and has a wide variation in fuel \ aim- 
ranging from 6(H) to 6500 Bin lb of refuse as hmj 
Volatiles are driven off h> destructive distillation 
and ignite from heat of the combustion chamber 
Gases pass through a series of oxidation t hangr* 
in which time-temperature relationship is impor 
taut. The gase- must be heated abo\e 1200 F 
destroy odors. F.nd products of refuse tomlnMmn 
pass nut of the stack at 800 F or less after passing 
through expansion < harnlw*rs. fly -ash collectors, ami 
wet scrubbers. The end products include carbon 




wind speed tr 25 mph 



wind speed 30 mph 


« 9 . 6 . Wind tunnel demonstration of ditperwl pattern* under specified condition*. 
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dioxide, c arbon monoxide, water, oxides of nitro- 
grn. aldehyde*. unoxidizcd or un burned hydrocar- 
bon*, particulate matter comprised of unburned 
carbon, mineral oxides, and unburned refuse, and 
unused or excess air. Particulates are reduced in 
quantity- Normally only smaller micron size and 
Mibmirron particles should escape with the flue 
3 ^. Care in operation is required to hold down 
paniculate loading. Dust emissions in stacks may 
J,e in the range of 2 3 lb ton of refuse charged at 
a well-operated unit equipped with scrubbers. 

Incinerator design. There are several tvpev of 
incinerator design promoted by manufacturers of 
incinerator equipment. Kiln shape may be round, 
rectangular, or rotary. The health nu&v be hnri 
/cental fixed with grates, traveling with grates, 
multiple, step movement, or barrel-type rotary 
i Fig. 7). Drying hearths are provided on some 
i.pes. Feed may be continuous, stoker, gravity, or 
butch. 



storage area 


hq 7 Diagram of incinerator with rectangular grate. 
American So c Civil Engrs ] 

It is nr«cssitr\ to know or estimate water i on- 
i»nt penentage combustible material and inert 
I'Mtcrial, Ht ii content, and weight of refuse in com- 
I l«i»* a rational design of incinerators Heat hub 
Mitr win be calculated from several estimates 
iiasa-i| on averages. Available beat from the refuse 
uuM he balanced against the heat losses due to 
radiation, us well as front eve-* air. flue gas. and 
Each type design has recommended sizing*, 
-'lasted |»v the manufacturer. There »s fair agree- 
ment «*n the need for at least 200*7 rxce ss air. An 
•illnwance of 20.000 lit n ft' has been suggested for 
•M'lfroximating chamber volume, and an allowance 
"I 3 fX ).000 Btu , f|- ! for grate area. Incinerator 
Ming rales 0 f 49 70 ||, tft* grate area) (hour) 
|>f*en used. Small incinerator* for apartment 
i«Misr* and institutions are loaded at much lower 
ratps. (he Incinerator Institute of America in it* 
j'himianb ha* suggested loading rate* for house* 
h * W ° r domestic* t> pe refuse from 20 lb (fri 
mirl i n jqq |b "hour burning unit* up to 30 
) in 1000 lb hour unit*. 
w\s ^ nioni/onn * instruments. Air-sampling ineth- 
** those sampling particulate 
4 r. in org an i r afM j * a ||* 4 inorganic gases. 

M, N*hince*, and mixed miscellaneous sub- 
bav *^* "Wniment* developed since the 1940 * 
^ nmr * mechaniaed, automatic, and re- 
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cording su that they can be used with a minimum 
of attendance and manipulation. Sampling device* 
have been constructed with many variant*. Gen- 
erally, however, they follow reasonably well-defined 
principle* which include gravity- and suction-type 
collection, with passage through thermal and elec- 
trostatic precipitators, impingers and impactors, 
cyclones, absorption and adsorption trains, scrub- 
bing apparatus, filters of various materials such as 
paper, glass, plastic, membrane, and wool, glass 
plates, and impregnated papers. 

I be autometer and the titrilog are automatic 
instruments for measuring sulfur dioxide and hy- 
drogen sulfide. Several types of unit* with air 
pump* drawing air through paper tapes mounted 
on a spool have been developed. The tape is moved 
automatically so that successive samples on fresh 
paper are taken for timed intervals. Spectrographic 
instruments are used for analyzing hydrocarbon 
and oxides of nitrogen and carbon. Orsat analyses 
ar»* made on flue ga^es. High-volume samplers are 
u*o-d at sampling network stations in the United 
Nate*. The electron microscope has been employed 
for the examination of aerosols. Photoelectric 
meters are used to control alarm s> stems connected 
to sta« k-- Combination instrument* measuring wind 
direction and velocity and directing air samples 
into multiple sample units, each representing a 
wind sector, are used for general sampling and lo- 
* at ton of emission sources. fw.T.l.] 

Rib'ingraphy: Air Pollution Research Com- 
mittee. Research Division. N.Y. Univ. College of 
Engineering. Prom dings. Symposium on Develop- 
ments in Inr inerator Research, 1937: W. I.. Faith. 
Air Pollution Control . 1939: Incinerator Institute 
of America. 1.1. i. Incinerator Standards , 1938; 
W. T Ingram ami I F. Dieringer. Air sampling 
instrumentation and methods, a critical examina- 
tion. i.I.H.A. Quarterly . 14i2). 1953; W. T. In- 
gram and I.. C. M Calx*. The Effects of \ir Pollu- 
tion on Airport Visibility . ASCE, J. of the Sani- 
tary Engineering Division, Paper 1543. 1958: A. J. 
Johnson and (*. H. \ 11 th. Fuels and Combustion 
Handbook. 1951: C. D. Yaffe ct al. (eds. t. Ency- 
clopedia of Instrumentation for Industrial Hygiene. 
1956. 

Air pressure 

The force per unit area everted bv the air on an 
expo < I surface, due principally to the weight of 
the superincumbent atmosphere. In the mercury 
barometer used for its measurement, the air pres- 
sure P acting on the free surface of the liquid is in 
hydrostatic equilibrium with a column of pure 
mercury having an observed barometric height, 
denoted here by h . Thus. P » JT * pgh, where 
IF i* weight per unit cross-sectional area of the 
mercury column: p 0 is actual density of the mer- 
cury, a function of its temperature /; and g is local 
acceleration of gravity, a function of the geographic 
coordinates and the altitude above mean sea level. 
Effect* of capillarity and imperfect vacuum must 
also Ih? allowed for. Before a one-to-one corre- 



apondence between reported barometric height and 
air pressure tan be obtained everywhere, the prod- 
uct of the mercury density and the acceleration of 
gravity must be a known constant. Under the terms 
of an international agreement, this objective is 
accomplished by reducing the observed barometric 
height in each case to certain universally adopted, 
standard conditions, thus obtaining for reports the 
corrected barometric height, K <> « (p'gA/pogo), 
given po * standard density of pure mercury 
( 13.5951 g/cm 3 ) when at the standard temperature 
0°C; and go * standard acceleration of gravity 
(980.665 cm sec 2 ) : mercury is assumed to be an in- 
compressible fluid. 

Designating air pressure. On this basis pressure 
data may be reported either in terms of absolute 
pressure units, such as dynes, cm 2 or millibars 
(mb), or in corrected barometric height units, such 
as millimeters or inches of mercury reduced to 
standard conditions. 

The normal atmospheric pressure at mean sea 
level, termed 1 standard atmosphere or 1 atmos- 
phere (atm) is by general agreement defined as a 
pressure equal to 1,013,250 dvnes 'em*. 

The following equivalents show the conversions 
between various units of pressure where ( mm Hg 1 n 
and (in. Hg)* denote the millimeter and inch of 
mercury, respectively, under standard I normal ) 
conditions and where (kg) n and (lbt„ denote the 
weight of a standard kilogram and pound mass, re- 
spectively. under standard gravity. 

1 mb « 1000 dvnes. 'em 2 « 0.750062 (mm Hg)* 

- 0.0295300 (in. Hg)* 

1 atm *- 1013.250 mh * 760 (mm Hg)* 

- 29.9213 (in. Hg)* - 14.6959 (lb)* /in.* 

- 1.03323 (kg)* /cm 2 

1 (mm Hg) * » 1 Torr * 1.333224 mb 

« 0.03937008 (in. Hg)* 

1 (in. Hg)* * 33.8639 mb * 25.4 (mm Hg)* 

Pressure in moving air. If the air is in motion, 
the disturbance produced by obstacles affects the 
local pressure distribution. Thus, during windy 
conditions barometric measurements made within 
leaky buildings are not representative of the true 
pressure P in the free air stream before disturb- 
ance. The tatter, termed static pressure, is the air 
pressure that would be measured by a barometer 
moving at the same vector velocity r as the air, 
that is, with relative velocity zero. Static pressure 
P can be measured by means of a fixed barometer 
under windy conditions provided its orifice is con- 
nected with a so-called static-pressure head de- 
signed to sample the pressure in a horizontal tube 
having holes across whose area the air flow is 
rendered parallel. Total pressure P f is measured 
by means of a pitot tube oriented so that its open- 
ing faces the onrushing air perpendicularly, the 
total pressure being experienced at a stagnation 
point in front of an obstacle where the approaching 
air is brought to a dead hah. According to Ber- 
noulli theorem, (P* - P) - pvV2, termed dy- 
namic pressure, impact pressure, or stagnation 


pressure, where p is air density. See Barometer 
Bernoulli's theorem. 

Causal relationships. The air pressure P an. 
ing on a small horizontal area at any point in a 
motionless atmosphere is caused by the cumulative 
weight of the air layers in a vertical column extend, 
ing above the area to the top of the atmosphere. 

This explanation follows from the hydroHtatj, 
equation 

dP « — pgdZ - — f>G HH (1, 
whence (Pi - Pa) « J^ 1 f>g dZ » G J* 1 p dll (2. 

where P is air pressure; p is air density; $ \ „ 
acceleration of gravity; Z is altitude above 
sea level; H is geopotential, that is, gravitational 
potential energy of unit mass relative to mean s**,, 
level ; dZ is infinitesimal vertical thickness of h<»n- 
zontai air layer; dP is pressure change whith <<>r 
responds to altitude change dZ; P\ is presMiic al 
altitude Z i, or geopotential //»; Pa is presmin- at 
altitude or geopotential //?; and G is constant 
dependent upon M7.e of unit of geopotential // J*„ r 
example, G « 98.000 cm" sec- per geopnlcnti.il 
meter (gpm), which is the accepted vnetPornlngir.il 
unit of H when g and Z are in c g* units. 

In the special case in which Z-j refers to the i"j 
of the atmosphere where the air pressure i- nil. m„ 
has P -2 * 0. and Eq. (2) yields an expression t,,r 
air pressure P j at a given altitude Z j, for an urm^ 
phere in hydrostatic equilibrium. 

Hv substituting in Eq. ( I I the expression f«»r 
density based on the well-known perfect ga* la* 
and integrating, one obtains the hypsometric r-<|>i! 
tion for dry air under the assumption of hvdrosi.in. 
equilibrium : 

ing. (Pi Pi) ” (cm 'R) /"’ hh r 

and Uh - //.) - TdP P 

valid below about 90 kilometers; wheie iGM R 1 '* 
0.0341 404* K gpm; V/ is the grarn molecular v*ngh: 
(mole) of normal dry air. or 28.966 g rin»l»* 

R is gas constant for 1 mole of ideal gav «*■' 
8.31470 X 10 7 erg /(mole) f°K) ; and T i •» air 
perature in C K. 

Equations (3) and (4) may be modified to 
account of the effect of water va|x»r on the dernt' 
of the air by replacing T by f r , the virtual tern 
perature; where 

Tr » 77(1 ~ 0.378$3r P) ^ 

in which e is partial pressure of water vapor in 
air; 0.37803 - ( 1 - M w /M ) ; Und M., P rd,T1 
molecular weight of water vapnrt ( 18.0160 g innh ' 

Equation (3) is often used a basis f° T 1 ^ 
calculation of the vertical distribution of *** pf- 
sure with height above sea level. The accompany 
ing table gives results of such compida** nn, ‘ 
an atmosphere assumed to be moisture- free an ^ 
have the indicated temperature distribution * ,M 
uniform, normal composition up to 90,000 m. 
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Mean atmospheric pressure and temperature in middle 
latitudes, for specified heights above sea level* 


Altitude above sea level 

Standard geo- n» at lati- 

potential tilde 

meters, in' 45°:I2'40' 

Air 

pressure, mb 

Assumed 
tempera- 
ture.* K 

0 

0 

1.01325 x 10* 

288 15 

1 1,000 

11,019 

2 26.12 X 10* 

216.05 

*0,000 

20.065 

5.1747 x I0 1 

216 65 

42,000 

32.162 

8.6708 x l() n 

228 65 

17.000 

47.350 

1 1000 X 10° 

270.65 

r, 2.000 

52.429 

5.8097 x 10 1 

270.65 

61.000 

61.591 

1 8209 X 10 1 

252 65 

79,000 

79.994 

1 0376 y 10 * 

180 65 

88.7 13 

90.000 

1 6137 X 10 1 

180 65 1 


* Approximate annua) intnin values bwm d on rndiiwoiidf* 
nliservation* hI \nrllit*rn l!«-uiiH|ih<*r<* HtuliniiN iHtmrti 
l,ililu<li‘H 10 and 49'A for heights below 52.000 in and on 
olwrvatious limits from nwlu'lM «nd instrument* rrlruM-d 
frnm r**ckets Some density data derived from seurrh 
loslil observations were runsidered Values shown nltove 
<HKl til wen 1 calculated lurgrly on the baton of olwrtd 
ili»lritiu9ion of itii density with altitude In com-lutiug 
■ * iliit I anil 2. fi is 08.000 5 cm* w'r* per fit a mint d geo- 
pntiMiti.il meter (in') Data on first three line* are used in 
..tlihr.ition of aircraft altimeters 
t \hn%<* 90,000 tu there iKrurs an iiicrnifM of tetiqM>ru- 
l„ r *. with ;»lt if licit* and it > iiriatiun of coiii|Mt*itiun of the 
..r with height, resulting in a gradual diimw in mulct - 
uhir weight of air with A(|ilt.;li. 

Deviations and variations. With a view to deter- 
minirif* the rau*e* of deviation* of air pre**ure 
!r«»m am a**urncd Mandat d, it i* neces*arv to cr»n- 
i.|»t prirrurilv the variations in air density a« a 
;.in« (ion of altitude. The equation expres-ing air 
•hii-itv reveal.** that it varir- with prepare, tern* 
;i*r.ilun\ and eotn posit ion of the tnoiM air, the 
liltei being reflected in the value of molecular 
or 7*. In the lower atmosphere the most 
unable constituent i* water vapor. Thus, the mass 
»! water vapor per unit mass of dry air in any given 
'■»lame mav varv in the atmosphere over the range 
u>»m ihoiit 0,000002, such as at the South Pole in 
“Med winter, tu about 0.05. mk H as just above ex* 
po-rcl -hallow equatorial lakes or swampland in 
’'•miner. A general vearlv average value for this 
uiio —0.01 0.015 near sea level; usually it de- 
■ i'mms with altitude nearly exponentially. 

Pressure variations in an> air column may arise 
,r,,ni uianv causes, which include the following; 
<fr»i rices of air density due mainly to changes of 
•nriperature and to the development of internal. 
tli«*rmal energy by virtue of degradation of energy 
frmn sum#* other form, such as kinetic and turbulent 
‘^lv energy ; changes of air density due to pre* 
'Mutation and changes in water vapor content; 
•nanges *f mass in the column owing to horizontal 
"•nvergeiue or divergence, vertical transport of 
fna ^ a * r through bane of column, and inflow or 
(,lt ° w tt * r at the top of a column; east or west 
"unpnncnu of wind which affect apparent gravity 
* *™ roi, Rh the medium of the pertinent vertical 
Sr™ °f ccnlr ^ l, 8 a * force# and Grriolis 
damming effect# on the windward aide of 

^»nds l*t n *? rricM: ^avenging (auction! effect* of 
* Mowing over valley*; pressure decrease over 


Air pressure 

mountain tops because of Bernoulli effect attending 
the flow of winds; vertical acceleration of the air; 
vertical pulsations and tidal motions of the atmos- 
phere; pressure jumps; and gravity waves in the 
atmosphere. 

Geographical characteristics. Owing largely to 

the seasonal variations in T r and effective molecular 
weight of the air, it is a general rule that in middle 
latitudes ut localities below 1000 m (3280 ft) in 
height above sea level the air pressure on the con- 
tinents tends to be slightly higher in winter than in 
'•pfing. summer, and autumn: whereas at consider- 
ably greater heights on the continents and on the 
ocean surface the reverse is true. 

Various maps of climatic averages indicate cer- 
tain region* where systems of high and low pres- 
sure predominate. Over the oceans there tend to be 
area* or hand* of relatively high pressure, most 
marked dining the summer, in zones centered near 
latitude 30 N and 30°S. The Asiatic land mass is 
dominated by a great high-pre*sure system in 
winter and a low-pressure system in summer (see 
Monsoon i. Deep low-pressure areas prevail during 
the winler over the Aleutian, the Icelandic-Green- 
land, and Antarelie regions. These and other cen- 
ter* of action produce offshoot* which may travel 
for great diMancc* before dissipating. Hence, es* 
peciallv outside of equatorial regions, the pressure 
at a point on the surface may change from day to 
dav Iterative of the pa**age of atmospheric low- and 
high pressure *\Mem*. Thus, during the winter, 
-pring. and autumn in middle latitudes over the 
land area-, it i* fairlv common to experience the 
pas-age of a evcle of low- and high-pressure sys- 
tem- in alternating fashion over a period of about 

9 dav- in I lie average, hut sometimes in as little 
a* 3 t dav-. covering a pressure amplitude which 
lange- on the average from roughly 15-25 mb less 
than normal in the low-pressure center to roughly 
15 20 mb more than normal in the high-pressure 
center. During the summer in middle latitudes the 
period of the pressure change* is generally greater, 
and the amplitudes are less than in the cooler 
seasons. 

Within the tropic- where there are comparatively 
few pas-age* of major high- and low-pressure sys- 
tems during a season, the most notable feature re- 
vealed by the recording barometer (barograph I is 
the characteristic diurnal pressure variation (see 
gra, .i\ pertaining to Singapore). In this daily cycle 
of pressure at the ground there are. as a rule 
though with some exceptions, two maxima, at ap- 
proximately 10 a.m. and 10 p.m.; and two minima, 
at approximately 4 a.m. and 4 p.m., local time; see 
the curve for Washington. D.C., in the graph. 

The total range of the diurnal pressure variation 
is a function of latitude as indicated by the follow- 
ing approximate averages (latitude N and range in 
millibars): 0°. 3 mb: 30°. 2.5 mb; 35°, 1.7 mb; 
45*. 1.2 mb: 50°. 0.9 mb: 60°, 0.4 mb. These re- 
sults are based on the statistical analysis of thou- 
sands of barograph records for many land stations. 
As may be inferred from the graph, local peculiar!- 
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midnight neon midnight 



— Woshington — Januory % 

j* }l'». I 

Singopore — annual (lot. 1°N.) 

Diurnal variation of atmospheric pressure at Singapore 
ond Washington, D.C. Horizontal scale shows time of 
doy on 24-hour basis. (From L P. Harrison , Meteor- 
ology, National Aeronautics Council , Inc.. T9 40) 

ties appear in the diurnal variation owing to the 
influences of physiographic features and climatic 
factors. Mountains, valleys weans, elevations 
ground cover, temperature variation, and reason 
exert local influences; while current atmospheric 
conditions also affect it. such as amount of cloudi- 
ness. precipitation, and sunshine. Mountainous re- 
gions in western United States may have only a 
single maximum at about 8 10 a.m. and a single 
min. mum at about 5- 7 p.m.. local time, hut with a 
larger range than elsewhere at the same latitudes, 
especially during the warmer months ( for instance, 
about 4 mb difference between the daily maximum 
and minimum ) . 

Other aspects of pressure. Air pressure has 
many meteorological, physical, chemical, and hire 
logical applications. Thus, if one measures the 
horizontal rate of change of pressure perpendicular 
to the isobars in a level surface and divides this 
rate by the air density, one obtains the pressure 
force per unit mass of air, which is a force vector 
acting to produce motion of the air within this sur- 
face. See Isobar ( meteorology ). in treatises on 
dynamic meteorology, it is shown that this force is 
one of the most fundamental factors in the develop- 
ment of winds isee Atmosphere; Atmospheric 
high; Atmospheric low). Particular examples of 
winds strongly governed hy the horizontal pressure 
gradient are the northeast and southeast trade 
winds located just north and south of the Equator, 
respectively; the monsoon winds in the Indian 
Ocean and southern Asia, depending largely upon 
the seasonal temperature distribution and the pres- 
sure difference between the ocean and continent; 
and the prevailing westerly winds over middle 
latitudes. [l.p.h.] 

Bibliography: U.S. Dept, of Commerce, Weather 
Bureau, Manual of Barometry , I960; U.S. Dept, of 
Commerce, Weather Bureau, Ten-year Normals of 
Pressure Tendencies and Hourly Station Pressures 
for the United States , Tech. Paper 1, 1943. 


Air temperature 

The thermal state of a small volume of the atmn* 
phere. See Atmosphere; Temperature; Tiih 

MOMKTER. 

Standard meteorological temperature is mea« 
ured 5 7 ft above a natural ground surface, such a 
grass, bare ground, or snow. A standard level i 
needed because temperature varies with heigh 
(see Frost; Temperature inversion). The th n 
monieter is shielded from radiative exchange will 
Min. sky. ground, and buildings b> reflecting niela 
shields or. more commonly, by a double-roofed 
louver sided shelter or screen 2 3 ft on a side; it i 
ventilated by whirling or fanning. Ventilation i 
particularly important for the wet-bulb thenimm 
eter which, paired with a nonwetted one. form* i 
psvehrometer for measuring the air** moisture mu 
tent ( see HlMIDITY; PsYMIROMEIT.il I . Unshieldef 
and unventilated thermometers in sunlight mav in 
dicate temperature-, far above that of the air. am 
at night far below it. Illack-bulb thermometer^ 
specially constructed and calibrated, mav be u-n 
to measure solar radiation. See Insolation ; N 
MHI f TEMPER All HE. 

Air temperature \aries constantly with Him 
regularlv and irregularlv. Regular variations an 
caused hv insolation changes as the earth rolan- 
dailv and revolves annually. .Superimposed on »h«*s. 
regular variations are irregularities caused )» 
transport of heat hv moving air and hv the ahs.uj, 
tion and release of heat at differing rales J,\ 
ground, vegetation, and water Irregular variation, 
are of all possible lengths, from "Vni Nisei ond- ,e 
short as ^mall-lag thermometers can measure t. 
manv thousands of vear«. Ordinary nirleornlogn.il 
thermometers have lags of about 1 min; thus an 
temperature readings usually indicate ] nun nv»*i 
ages. 

Temperatures are read at one or more fixed 
times daily, and the dav*s extremes are obtained 
from special maximum and minimum thermoin 
eters, or from the trace (thermogram) of a run 
tinuously recording instrument (thermograph 1 
The average of these two extremes, technically th* 1 
midrange, is considered in the United Stales to hr 
the day's average temperature. The true dailv 
mean, obtained from a thermogram, is closelv ap- 
proximated by the mean of 24 hourly readings, tint 
may differ from the midrange by I or 2F n . on the 
average. In many countries temperature* are read 
dailv at three or four fixed time*. chosen *o that 
their weighted mean closely approximates the true 
daily mean. These observational differences and 
variations in exposures complicate comparison el 
temperature* from different cofintrie* and an' 
study of possible climatic change*/ 

Averages of daily maximum aitd minimum tem- 
perature lor a *ing!e month for many years n» vP 
mean daily maximum and minimum temperaim** 
(or that month. The average of these values ,h * 
mean monthly temperature, while their differeny 
in the mean daily range for that month. Month ) 
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n ean«, averaged through the year, give the mean 
annual temperature; the mean annual range is the 
lifference between the hottest and coldest mean 
monthly values. The hottest and coldest tempera- 
:u reH in a month are the monthly extremes; their 
iverages over a period of years give the mean 
monthly maximum and minimum (used extensively 
m Canada), while the absolute extremes for the 
month (or year) are the hottest and coldest tem- 
peratures ever observed. The interdiurnal range or 
variability for a month is the average of the sue- 
revive differences, regardless of sign, in daily tem- 
peratures. 

Over the oceans the mean daily, interdiurnal, 
and annual ranges are slight, because water ab- 
sorbs the insolation and distributes the heut 
through a thick layer. In tropical regions the in- 
terdiurnal and annua) ranges over the land are 
*.mal I also, because the annual variation in insola- 
tion i* relatively small. The daily range also is 
-mall in humid tropical regions, but may be large 
nip to 40F* ) in deserts. Interdiurnal and annual 
ranges increase generally with latitude, and also 
with distance from the ocean: the mean annual 
range defines continentality. The daily range de- 
pend* on aridity, altitude, and noon sun elevation. 

F.xtreme temperatures arott«r much popular in- 
n*ie«*t arid often are cited uncriticallv . despite their 
[Hivible instrumental, exposure, and observational 
errors of main kinds. The often-given absolute 
maximum temperatures of 134° F for the United 
Nates in Death Valiev, California tjulv 10. 19131. 
and 136 'F for the world in Azizia. Tripoli | Sep- 
tember 13. 1922) are both questionable; in the 
-ul»s«Mpient 45 vears. Death Valiev’s hottest read- 
•nu has been onlv 127 F. and the A/i/.ia reading 
rt.is reported by an expedition, nut a regular 
weather station, lowest temperatures in the North- 
ern Hemisphere are —90° F at Verkhoyansk 
‘-67.6'C on February 5 and 7. 1892 \ and Oirne- 
k«»n ( -67.7‘C on February 6. 19331. Siberia ; 

- NT F at Northice.. (Greenland i Januarv 9, 1954) ; 
-HIT at Snag. Yukon Territory. Canada (Feb- 
marv 3. 1947); — 70°F at Rogers Pass. Montana 
'the current United States record, on Januarv 20, 
1^54). The first winter at Vostok. 78 (S 27'S. 
106 'S2T, encountered a minimum temperature of 

- 125 F on August 25, 1958, and the third winter a 

minimum of ~127 r F on August 24, 1960. much 
lower than the lowest at the I’nited States station 
^ the South pole. See Antarctica. [a.c.] 

Air traffic control 

‘or providing for the Kafr and expeditions 
movement of aircraft. 

There is no single set of apparatus which pro- 
v, des f or th e complete solution of the air traffic 
(f, niro| problem. This problem occur* in all zones 
0 operation and is solved differently in each zone 
*** * av igation systems, electronic). 

tyjipment. Five classes of equipment must be 
P r °vided in order to constitute an adequate air 
aftc <**ntrol system. 


1. Means whereby pilots may know their posi- 
tions (in three dimensions) and whereby they may 
be able to conduct their aircraft over any arbi- 
trarily chosen route from terminal to terminal. 

2. Means whereby a central decision-making en- 
tity may be able to know the position of all air- 
craft within its jurisdiction. 

3. Means whereby the decision-making entity 
can instantly determine safe, nonconflicting flight 
procedures for all aircraft within its purview. 

4. Means whereby safe- flight instructions may 
be transmitted rapidly and unambiguously to all 
aircraft concerned. 

5. Means whereby action may be coordinated 
among the several central flight instruction de- 
< ^ion-making entities. 

Before the above means may be decided, a host 
of operational decisions must be made and opera- 
tions procedures agreed upon. In the United States, 
procedures have been simplified by establishing 
airways through the use of, first, the four-course 
radio range, and later the VOR (see Radio range). 
Having assigned airways and a given altitude to an 
aircraft, it i* necessary only to ascertain its posi- 
tion in the longitudinal dimension, either directly 
or a- a function of time after departure from a 
known point. Of course it is necessary to convert 
random arrivals at the terminal to orderly, sequen- 
tial arrivals to permit approach and landing on the 
runwav. 

There are a number of navigational systems and 
equipments that fulfill the requirements of class 1 
( see N iGA i ion systems, electronic). Class 2 
equipment includes air-to-ground reporting via 
radiotelephony or radiotelegraphy. These have 
been supplemented (but not replaced) by radar. 
Means of the third lass have heretofore been sim- 
ple map« with markers and simplified time-distance 
computers operated by human traffic controllers. 
Electronic computers for this purpose are in de- 
velopment. Equipment of the fourth class is pri- 
marily ground-to-air radiotelephony or telegraphy, 
although some use has been made of data links. 
Means of the fifth type have been teleprinters op- 
erating on direct lines between traffic control cen- 
ters. These means may be replaced by automatic 
data transmission equipments. 

Air Traffic Control Transponder System. This 

is a secondary radar sy«l**m employed for the pur- 
pose of identifving and clarifying radar echoes ap- 
pearing on the screens of surveillance radars. 

This system consists of airborne and ground 
equipment. Each surveillance radar is fitted with 
an antenna suitable for operation with the system 
interrogating frequency. This antenna is rotated in 
synchronism with the radar antenna, either on the 
same pedestal with the radar antenna or on a sepa- 
rate pedestal. These antennas have a horizontal 
l>eam width of about 7 degrees. The antennas are 
fed by interrogators operating at 1030 megacycles 
(Me) with pairs of pulses having a 1-microsecond 
Dtsec) duration and a pulse repetition frequency 
of about 400 pairs per second. The spacing between 
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pulses is variable. In one mode* the spacing is 
8 /nsec. In a second mode, the spacing is 17 jiaee. 

In the aircraft, the ground interrogation is re- 
ceived on a fixed-frequency receiver. The video fre- 
quency output of the receiver is processed to 
provide side-lobe suppression, echo suppression, 
long-pulse suppression, and spike suppression and 
then is retransmitted with a complex code on a 
frequency of 1090 Me. Additionally, the video out- 
put may be altered to include altitude as derived 
either from a barometric altimeter or a sealed 
barometric cell. This complex code may consist of 
pulses appearing in any or all of six time 
positions included between a pair of timing pulses 
separated by 20.3 psec. The code pulse positions 
are spaced 2.9 /isec. The total number of codes 
provided is 64. In addition, the entire code struc- 
ture may be modified by the inclusion of an addi- 
tional pulse spaced 4.35 .usee after the second 
framing pulse. 

On the ground, the pulse information is decoded 
and used to indicate position on the screen that 
shows the radar echoes. The ground controller 
(using voice) asks the pilot of an aircraft under 
his control to select a specified code for his trans- 
ponder. If the code requested appears coinciding 
with the spot of the surveillance radar which was 
in question, it is identified as the aircraft with 
which the controller has been communicating. The 
special identification is utilized in the event of fail- 
ure of the primary code. ( px.s. 1 

Bibliography : ARINC Report. Air Traffic Con- 
trol Transponder, SPEC-532- E, Dec. 2. 1957: G. A. 
Gilbert, Air Traffic Control . 1945; P. C. San- 
dretto. The air traffic control paradox. IKE Trans . 
on Aeronaut. Navigational Electronics „ pp. 80 85. 
June 1958. 

Air transportation 

The use of aircraft, predominantly airplanes, to 
move passengers and cargo from place to place. 

Classes of service. There are nine classes of 
operators in the air transport industry in the 
United States. These classifications are used by 
the Civil Aeronautics Board (CAB) in connection 
with the economic regulation of the industry and 
are based largely on the scope of operations au- 
thorized under the Federal Aviation Act. Classes 1 
to 7 bold certificates of convenience and necessity 
and conduct regularly scheduled services. 

Trunk lines. Class 1 consists of domestic trunk 
lines which have permanent operating rights within 
the continental United States. There are 1 1 of these 
operating over high-density traffic routes between 
principal traffic centers. 

Local lines . Class 2 airlines, the domestic local- 
service lines, operate over routes of lower traffic 
density between the smaller traffic centers and be- 
tween these centers and the principal centers. 
There are 13 of these. 

Intra-Hawaiian earners. The two carriers oper- 
ating among the several islands comprising the 
state of Hawaii make up Class 3. 


Alaskan carriers. Class 4 carriers comprise four 
carriers operating between Alaska and the re- 
mainder of the continental United States, and ]] 
carriers operating within Alaska. 

Helicopter carriers . Class 5 is composed of 
helicopter carriers presently operated between air 
ports, central post offices, and suburbs of several 
cities. They carry mail, passengers, freight, and 
express. 

International lines . The international and over- 
seas lines constitute Class 6; these include all 
United .States flag air carriers operating between 
the United States and foreign countries other than 
Canada. Some of the carriers also conduct opera 
tion- between foreign countries, and some are ex- 
tensions of domestic trunk lines into Mexico and 
the Caribbean and to Alaska and Hawaii. There art- 
19 carriers in this group. 

Cargo lines . The all-cargo lines comprise Gin- 
7; there are six such carriers operating under 
temporary certificates authorizing scheduled r.irgn 
flights between designated areas in the United 
Slates and. in one case, the Carihhenn and. in 
another. Europe. 

Supplemental carriers. Class 8 comprises 2.J < ar 
riers authorized for unlimited domestic chartei 
operations and up to 10 flights per month between 
any two domestic points. 

Other carriers. The other cla-- e- of operator* 
grouped a* Class 9. ure air-taxi operators and air 
freight forwarders. There are 2618 of the fonm*? 
and 75 of the latter. 

Traffic. The airlines continue to be rssrnhalb 
carriers of persons, deriving about 85 of thru 
revenue from' that source: freight account* )<»i 
about 5M: r r and mail for about 3 1 i» r ; of tin- 
revenue. 

The former mail subsidies for the airline- 
have practically disappeared except for a small 
amount, equal to about 2 r T of the total revenm 
which goes largely to the local-service airline* and 
is known as public sen ice revenue. 

Public service revenues are payment* bv th» 
Federal government to ensure air sen ice to com 
munities which could not afford it. Such payment* 
are also made to develop helicopter service and t«» 
maintain some international routes which are not 
yet self-aupporting. 

The airlines of the United States earn more 
intercity traffic than any other public carrier. Rail- 
roads are second and buses third. Six of the w 
leading transportation companig* of the 1 nited 
States in passenger transportation, excluding com 
muter*, are airline*. ? - 

The air transportation industry also provide* 
significantly for the national defense through th' 1 
Civil Reserve Air Fleet (CRAF|. Under thi 4 jr 
rangement, the airlines, in cooperation with M 'vcra 
government agencies, make available to the tm •' 
tary on a global basis approximately 375 airplnn^ 
complete with crews. When jet airplanes ar< ‘ J 0 ! 11 
pletely integrated into the program there will K 
in excess of 9 X 10* ton-miles available t« ! e 



government to supplement the available military 
transport capacity. 

Airport. An airport is a terminal facility for air- 
craft- It is used for the taking of! and landing of 
ain raft and includes facilities for handling passen- 
ger* and cargo and for servicing the aircraft. The 
landing area includes primarily the runways and 
laxiwuys; the terminal area includes all other func- 
tions, such as the ramp space, loading areas, ad- 
ministration building areas, and hangar areas. In 
European countries airports are often culled air- 
dromes. See Airport engineering. 

Most airports of 350 acres or larger are publicly 
nttned and operated. Management of such airpoils 
usually rests in u city department, special coin- 
minion, airport authority, or other political sub 
division. Many small airports are operated as 
private business enterprises. 

The “election of an airport site involves legal, 
economic. and engineering factors. The legal con- 
siderations involve land acquisition, air rights, 
/•itung. and removal of obstructions. Kconoinic con- 
^derations include cost of land acquisition and site 
ilfxrlopmenl. Kngineering considerations include 
drainage, meteorological conditions, ground 
i»,insporlation, soil chat ft* eristics, and utilities. 
\irport buildings are divided into two groups 
administration buildings and hangars. In the 
.nner arc the aircraft-parking areas, airplane- 
(siting fat ilitics. car-parking lots, ami office and 
Marine-producing buildings. In the terminal or 
administration building arc often included office* 
,n«i -|M**e for concessions, weather-bureau facili- 
•i.s ti attic -control personnel offices, restaurant 
n. ilities, ami airline ticket offices. 

\irport hangars are of two general varieties, the 
Urge multipurpose hangars capable of holding 
iarge air« raft, and the smaller T-shaped hangars 
ii'ddmg one airplane. Individual T hangars are 
iMialU built back to back and then are spoken of 
a- nested or multiple T hangars. Large hangars 
•'tim arc used as maintenance and repair shops as 
"ell a* for storage apace for aircraft. 

The Federal Aviation Agency classifies airports, 
•n*m I lie service standpoint, as personal, secondary. 
Wcr. trunk, express, continental, intercontinen- 
tal. and intercontinental express. These airports 
ha\p at least one runway of the length indicated 
The International Civil Aviation Organiza- 
tion (ICAO i runway length code letter is likewise 
indicated. 

I’rrumaL Such airports handle light (up to 3000 
aircraft for small communities or urban areas. 
*ithr.in*ay* of 1500 2300 ft. 

■Secondary. These are airport* for larger (2.000 
>T)(K) lb) aircraft in nonsrheduled flying activi- 
,h *ir runway* are in the range 2301-3000 ft. 
v rder. These airports serve certificated feeder 
airlines; runways of 3001-3500 ft (ICAO code 
°HeT(;) are used here, 

ntnk lint. Such airports serve smaller cities on 
1*' tnm ^ routes; their runways measure 3501- 
ft ( ICAO code letter F ) . 
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Express, These airports are located at impor- 
tant cities or junction points on trunk routes, 
with runway* of 4201 5000 ft (ICAO code Jet- 
ter E). 

Continental . This type serves aircraft making 
long nonstop domestic flights; their runways are 
5001 5000 ft long (ICAO code letter D ) . 

Intercontinental. These airports terminate long 
international flights and have runways of 5901- 
7000 It ( ICAO code letter C). 

Intercontinental express. These airports serve 
the highest type of transoceanic flights, with run- 
ways 7001 8400 ft long (ICAO code letter B). 

Hie ICAO code letter A i« applied to runways in 
excess of 2500 meter* (8400 ft) long. 

Airports used exclusively by helicopters or other 
vertical take-off and landing aircraft are called heli- 
ports. Seaplane base* are those airports which serve 
aircraft that can land and take off from the water. 
Restricted landing areas are privately owned land- 
ing strips not operated as public airport*. 

Aviation regulation. Aviation in the United 
States is regulated primarily by the Federal gov- 
ernment. although most states have some form of 
regulation. The Federal Aviation Act of 1958. 
whi«h hei anie effective January 1, 1959, repealed 
previous regulatory acts and created the Federal 
A\ i at ion Agency tIAAl with this objective: “To 
provide for the safe and efficient use of the air- 
spare by both civil and military operations and to 
provide for the regulations and promotion of civil 
aviation in such manner as to best foster its de- 
velopment and safety.” Incorporated into the FA A 
wi'te the former Civil Aeronautics Administration, 
the Airways Modernization Board, and the safety- 
nile-making authority of the CAB. The latter re- 
tains economic regulation in such matters as route 
certificates and pas^-uger fare*. 

International air-transportation matters are han- 
dled through the International Civil Aviation Or- 
ganization (ICAO i . Almost all nations having air 
transportation belong to ICAO, which functions 
largelv in the field of technical matters and the 
setting up of standards and practices to facilitate 
international air tr.vel. Upon request, ICAO also 
acts as a tribunal for the settlement of certain in- 
ternational disputes involving air transportation. 

By international agreement through the efforts 
of ICAO, there are codes of the skies which vir- 
tual? all nations accept as the standards and 
recommended practices for their own laws and reg- 
ulations. The*e cover every phasr of civil air oper- 
ations from the airworthiness and maintenance of 
the aircraft and the qualifications of the crew 
members, to clearances through border controls. 
The codes of the ICAO also provide an interna- 
tional language with chart symbols, units of speed, 
and identification codes agreed upon for interna- 
tional use. 

State regulation of aviation usually supplements 
rather ihan duplicates Federal regulation. Among 
the matters frequently covered by slate regulations 
are the registration of aircraft and pilots, airport 
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certification, insurance requirements, enforcement 
of violations of the Civil Air Regulations, accident 
violations, and service, rates, and charges. 

Local governments do not exercise broad regula- 
tory powers over aviation. Their powers normally 
are the powers which arise out of municipal police 
powers, particularly those of maintaining law and 
order and airport zoning. 

Self-regulation on certain matters in aviation is 
carried out by the trade associations of the indus- 
try. Among these is the International Air Transport 
Association (IATA). whose committees handle 
rates, schedules, tariffs, interline financial arrange- 
ments. legal questions, and safety matters involving 
the international air carriers. Other associations 
are the Air Transport Association of America 
(ATA) which is composed primarily of the major 
air carriers operating domestically in America, and 
the Aerospace Industries Association of America 
(AIA1 which is composed of the aviation and 
missile manufacturing companies. 

Aviation safety. The problems of aviation safety 
are divided into two general groups -the built-in 
safety of the individual airplane, and the safety 
aids available to aircraft in the air. Since the first 
flight in 1903 there have been continuous improve- 
ment and refinement in aircraft as machines. Every 
branch of engineering science i* included. Over 
9,000.000 engineering man-hours were required to 
bring a recent new airplane to production. 

Emphasis is placed on the fail-safe principle 
whenever possible. In the case of the landing geur, 
for instance, a failure of a hydraulic system for 
lowering the gear might call into play a substitute 
electrical system for lowering it. Manual lowering 
might also be provided as an alternative. The ‘ 
means of providing oxygen and satisfactory pres- 
surization for crew and passengers is a problem 
of safety in high-altitude flight. The fail-safe de- 
vices in these cases often include separate cabin- 
and cockpit-pressurizing systems and individual 
oxygen supplies. 

Aids to safety for the aircraft while in the air 
involve both local control around the airport and 
aid to the aircraft going from place to place. The 
simplest method of air-traffic control is the estab- 
lishment of a traffic pattern which pilots are ex- 
pected to follow. This is usually an imaginary 
circle around the boundary of the airport at a 
specified altitude above the ground, in which the 
traffic moves counterclockwise. Planes normally 
enter and leave the pattern at an angle to the 
ranway in use. 

As traffic grows, the next step is the establish- 
ment of an airport traffic-control tower which, by 
radio or light signals or both, indicates to the air- 
craft pilot the movements necessary for a safe land- 
ing of the airplane. At larger airports with heavy 
traffic, the work of the tower traffic controllers may 
be divided. The pilot may receive his instructions 
from one person for his traffic pattern entry; a 
second person may control his approach; still an* 
other may direct his actions on the ground. The 
airport control tower, therefore, has several func- 


tions: it guides local traffic visiially, controls 
ground traffic, coordinates with the Air Route Traf. 
fic Control Center (ARTC) in picking up aircralt 
entering the terminal area from the airways. Hn d 
controls departing aircraft until they are turm-d 
over to ARTC. A fully equipped control tower has 
two types of radar. The first, airport surveillance 
radar, shows on its scope the location of all air- 
craft within 30 50 miles of the airport. The oilier, 
precision approach radar, monitors an aircralt 
along a 10-mile path to the* field. In bad weather, 
landing approaches may be made under instrument 
conditions, with aircraft movements directed | )V 
radar arid radio from the? ground <( .round Cmitioj 
Approach, CCA ) or by instruments in the aircraii 
(Instrument Landing System. ILS). Srr _Na\i<.\ 
HO* MSTF.MN FLKLIHONH.. 

The CCA system is widely used by the rnilitun 
The incoming aircraft is identified and talked down 
by controllers on the ground wlm monitor the 
ress of the aircraft by radar and provide iiiMru, 
tions to the pilot which, if followed, will bring tin 
aircraft into a position where the landing can in* 
made manually. .See Choi mm on ikoilkd. vmniv n 
SYSTF.M I CCA I. 

The ILS system consists of two radio transmitter* 
on the airport which send two radio beams to thr 
aircraft coining in for the landing. One hf*ain 
called the localizer, tells tin* pilot whether hr i* tn 
the right or left of the runway center line Ih: 
other beam, called tin* glide scope. gi\cs the piioi 
the correct angle of descent. B\ utilizing tin cm k 
pit instrument indicating the position of the .ur 
craft relative to the beams, the pilot can bring in- 
aircraft in for a safe landing even though he ha*- ?• 
go through bad weather to arrive at tin* airp'.it 
Set* Aircraft instri vu:n rATniN : Ivsmi mini 
LANDING SYsTI.M lILSj. 

Safe flight from point to point involves flight h\ 
visual flight rules (VFRf or bv instrument High: 
rules flFRl. Visual flight rules are basic. 'lhc\ 
establish the minimum acceptable weather ronch 
lions for flight by visual reference to points out 
side the cockpit. This is known as contact Hying. 

If weather conditions are below the VFK mini- 
mum. the pilot must fly under instrument flight 
rules. To do this his aircraft must be equipped 
with the required instruments and the pilot nuM 
be certified for instrument flight by virtue of hi* 
specialized training and experience. 

Under IFR the pilot files a flight plan with the 
traffic controller at the point of departure. The con- 
troller issues a clearance specifying the route and 
altitude to be flown. Throughout the flight the 
traffic-control system will mernftor the aircraft* 
progress to destination. f 

The basic element of the airftraffic-eontrol 
tern is the airway which connects centers of 
lation. The former airways which are defined « n 
the aeronautical charts and provided with radnj 
ranges as aids to navigation are being succeed 
by Victor airways which fan out from the trans- 
mitting very-high-frequency omnidirectional rang? 
(VOR) and give a pilot a compass bearing to * e 
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Italian. By using two stations the pilot can deter- 
mine his exact position. 

En route traffic is controlled by Air Route Traffic 
Control Centers, which are responsible for the con- 
trol of all IFR traffic in their areas. Having direct 
communication with the pilot, the controller can be 
of great help. Until all the control centers are 
thus equipped, the Air Traffic Communications 
Stations are providing weather and other in forma* 
tion to en route pilots. See Aih traffic control; 
Aviation. U.a.b.J 

Bibliography : L. A. Bryan et al.. Fundamentals 
of Aviation and Space Technology , 1959; N. D. 
Van Sickle (ed.). Modern Airmanship , 1957 ; G. I.. 
Wilson and L. A. Bryan, Air Transportation , 1949. 

Air waves, upper synoptic 

Wavelike oscillations in the pattern of wind flow 
aloft, usually with reference, to the stronger portion 
of the westerly current. The flow is anticyclonically 
curved in the vicinity of a ridge line in the wave 
pattern, and is cyclonically curved in the vicinity 
of a trough line. 

Anv given hemispheric upper flow pattern may 
| ip represented by the superposition of sinusoidal 
saies of various length* in the general westerlv 
flow. Analysis of a typital pattern discloses the 
presence of prominent long waves, of which there 
ire three or four around the hemisphere, and of di«- 
tim 1 1 v evident short waves, of about half the 
length of the long waves. 

Topically, each "hurt-wave trough and ridge is 
a-mi iatrd with a particular rvdone and antiry- 
• lone, respectively, in the lower troposphere. The 
development and intensification of one of these cir- 
i illations depends in a specific instance upon the 
details of this association, such as the relath e posi- 
tions and intensities of the upper trough and the 
low-level cyclone. These circulations produce the 
iapid day-to-dttv weather changes which are char- 
acteristic of the climate of the middle latitudes. 

The long waves aloft do not generally correspond 
t" a single feature of the circulation pattern at low 
l p 'ek They are relatively stable, slowlv moving 
features which tend to guide the more rapid mo- 
tion of the individual short waves and of their con- 
( omitant low-level cyclones and anticyclones. Thus, 
the long waves by virtue of their position and am- 
plitude. can exert ail indirect influence tin the char* 
of the weather over a given region for a pe- 
riod of the order of weeks. 

h has been found that the motion of long waves 
and short waves can be predicted with considera- 
te surras by application of the principle of con- 
^fvation of absolute vorticity to the flow pattern 
at middletropospherir elevations. See Atmosphere : 
rr s,,r kam ; Storm; Vortf.x; Weather (fore- 

f ' ST lNc; AND PREDICTION ) ; WtNt>. f F.S.] 

Airborne radar 

e nuipm*ni carried bv aircraft to «wi»t in 
"^'Ration by pilotage. to determine drift, and to 

1 weather disturbance*. Doppler radar is used 
Ermine aircraft drift and ground speed. For a 


general discussion of radar principles, see Radar. 

Electronic pilotage equipment* Airborne radar 
may be employed for pilotage purposes; that is, 
the aircraft may be conducted from place to place 
by observation and identification of landmarks 
which appear on the radar map presentation. To 
use radar for pilotage, the presentation on the cath- 
ode-ray tube (plan position indicator or PPI ) is 
compared with a chart, as in Fig. 1. This method 
is especially effective when applied to well-mapped 
terrain that includes bodies of water (bays, riv- 
ers, harbors). Identification of landmarks is more 
difficult where no prominences exist; therefore, a 
skilled operator is required. PPI presentations 
also change with altitude and direction of ap- 
proach, making identification more difficult. Spe- 
cially prepared maps, made either by flying over 
the terrain beforehand and taking photographs of 
the PPI or by making artist representations, are 
used to aid the radar operator. 

Another wa> to circumvent poor radar definition 
nver an area is for the pilot or navigator, starting 
from a known point, to plot the course to be flown 
and estimate the time when the first prominent 
landmark should appear, its direction, and dis- 
tance. When a landmark appears at approximately 
the time and position previously estimated, it is as- 
sumed to be the landmark originally contem- 
plated. Data taken from the observation are used 
to compute a course and speed correction. A new 
eoui.>e i< then plotted to the next expected land- 
mark. In this manner, dead-reckoning is used to 



fifl. 1. PPI presentation of on airborne radar over 
Son Francisco Say. Scope presentation is of the cir- 
cled area of the aeronautical chart. Note bridge at 
lower right. (Radio Corporation of America) 
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help identify landmarks, and landmark observa- 
tions, in turn, are used to correct the dead reck- 
oning. 

Electronic driftmeter. Airborne radar equip- 
ment is used to determine drift in a manner follow- 
ing the principles of the optical drift sight. A 
transparent disk engraved with parallel lines is 
mounted on the face of the PPI tube. The disk is 
then rotated against a scale calibrated in degrees 
of drift, as shown in Fig. 2. The center of the disk 
coincides with the center of the cathode- ray pat- 
tern. A trace on the face of the tube indicates the 
position of the antenna when it is pointing directly 
along the fore-and-aft axis of the aircraft. 

To measure drift, the operator selects a promi- 
nent spot on the PPI and rotates the disk until the 
spot appears to move along or parallel to the lines 
on the disk. The angle between the center line on 
the disk and the trace representing the fore-and-aft 
axis of the aircraft then represents the drift angle. 
By timing the movement of the spot, ground speed 
may be estimated. 

Doppler drift. Airborne radar has been used for 
determining drift through the Doppler principle. 
Because of the aircraft movement, the frequency of 
the reflected signal returning to the aircraft from 
the ground differs from the frequency of transmis- 
sion. This difference is proportional to the fre- 
quency of the original transmission, twice the air- 
craft speed, and the cosine of the angle between 
the direction of aircraft motion and a line to the 
reflecting point. Because the beam from the air- 
craft antenna is relatively wide, the frequencies re- 
turning from the ground at the right of the aircraft 
will be equal to those from the ground at the left 
of the aircraft only if the center of the beam is ac- 
curately aligned with the direction of aircraft 
movement. 

In utilizing the Doppler principle, a servo con- 
trol is added to the antenna so that, when its scan- 
ning is stopped, it may be positioned with great ac- 
curacy. A trace on the cathode-ray tube indicutes 



Fig, 2. PPI with cursor and seal# for measuring drift. 
(From P. C. Sondrefto, Electronic Avigotion Engineer - 
ing. International Telephone and Telegraph Corp,, 
195$) 



Fig. 3. Rodar presentation showing a squall line ex 
tending from northwest to southeast. Range marks, 5 
miles opart, give estimation of extent of disturbance. 
( Radio Corporation of Americo) 


the fore-and uft axis of the aircraft. A blue pi, Mi, 
optical filter covering a sector is also added to the 
face of the tube. Thi** filter *erve* to era^c the wl 
low, long* persistent trace and to bring out the ef- 
fect of the fast, blue trace. The heating of the fr»>. 
quencies from the right and left sides of the beam 
is easily observed in the ground returns as mudii 
lations below 20 cps and as blurring of the Inin* 
above this frequency To determine the drift, llw 
operator rotates the antenna until the modulation 
of the trace appears to approximate zero. He then 
reads the angle between the direction in whith th* 
antenna is pointing and the heading of the aircraft 
See Dom.hR RADAR. 

Weather detection. One of the most valuable 
uses of airlnirne radar is for weather detection 


(Fig. 3). This capability make* for safer and 
smoother navigation of thunderstorm and precipi- 
tation areas. By using radar, a pilot rnav avoid tur- 
bulence associated with these area*. The radar pen- 
etrates IS or more mile* of heavy rain (greater 
than 60 mm 'hour) and, with some experience, a 
pilot may interpret the radar indicator to obtain 
warning of the presence of hail shafts. 

One of the essential features qf airborne radar 
utilized for weather observations i| the isoechn con- 
tour circuit. Heaviest turbulence J* found in area? 
with the steepest rainfall gradient!- that is* in areas 
where the change from no rain to ^eavy rain occur? 
in the shortest distance. The iflpcircuits remove 
video signals when there is a sharp increase in 
input signals. Thus, a black area Is created on th<* 
scope when there is a sudden Increase of signal o 
the order of 10 db. The scope then presents a con' 
tour map similar to that which would be pl«tt^ 
by a weather observer showing the lines of equa 


rainfall on the ground. The pilot flirt* at distance* 
„f 3 mile* or more from the heavy contour*. See 
Radab MF.TEonot.ocr. [|.. (; .s.| 

Bibliography: H. T. Harrison and E. A. Post, 
Evaluation of C Band Airborne Weather Radar, 
pM; P. C. Sandretto, Electronic Avigaiion Engi- 
neering, 1958. 

Aircraft 

Any man-carrying vehicle which navigates through 
the air. 

The two main classification* of Aircraft are 
lighter than air and heavier than air. 

The term lighter than air is applied to all air- 
craft which sustain their weight hy displacing an 
'.qua) weight of air* for example, blimps and dirigi- 
bles tree Aerostat). The weight of such aircraft 
is sustained hy buoyant forces similar to the forces 
which sustain a ship in water. .See Ak< iiimkdf.s* 
prim ihi.k. 

Heavier-than-air craft ure supported by giving 
;|v> surrounding air a momentum in the downward 
direction equal to the weight of the airrraft (see 
IHRM.ri.u\ thforf.mI. Aircraft with fixed wings 
mpart a ^rnall downward momentum to a large 
(•i.intit) of air because thev have a large forward 
H.'i'il v isrr Ainrt.AMKj. Aircraft with rotating 
% such a** helicopters, are also sustained by 
h. downward momentum which thev imparl to the 
ji nmnding air. Because they operate at slower 
.jimL. the momentum change is imparted to a 
■villcr mass of air but the change in velocity 
- MtrrcspondingJv greater. Sre Comirtipi.ane; 
IhttMM'n.R; Vertical take-oh ami i.a mono 
\ IOI.i. 

In general, aircraft have a mean** of support, a 
^••pulsion system to impart forward velocity, and 
.i means of directional control so that navigation 
• in he accomplished. Srr Aircraft ciioim i.mov 

| r.l.bo. | 

Aircraft, military 

Thf armed service* of all large nations depend 
u l"‘« many typrs of highly specialized aircraft for 
military purposes. Included in military aircraft are 


Tibia l. Designations for U.S. Air Force aircraft 

I ^nation Type 


Designation T>|ie 



Amphibian 

B 

Heconnaimance 

H 

Bomber 

UT 

Befooling 

(’ 

Oargo and 


tanker 


transport 

S 

Search and 

Dr 

Director aircraft 


rescue 

K 

Fighter 

T 

Trainer 

It 

Helicopter 

Vf 

Staff adminis- 

L 

Unison 


trative trans- 

Mt 

Missile aircraft 


port 


Target and 

X 

Experimental 


drone 

Y 

Service test 



Z 

Obsolete 


t In*."' 1 *' 0, l | * r I"*!**, never alone. 


modifier lion* of 
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TeWe 2. Prefix designations for U.S. Navy aircraft 


Designation Tyj>e 

Designation Type 

A 

Attack 

0 

Observation 

F' 

Fighter 

P 

Patrol 

llll* 

Search and rescue 

H 

Transport 

HIJ* 

Utility 

S 

Antisubmarine 

HO* 

Observation 

T 

Trainer 

IIH* 

Tronsport 

U 

Utility 

IIS* 

Antisubmarine 

V 

Con verti plane 

IIT* 

T ruining 

W 

Special search 


' Helicopter. 


helicopters, balloons, and glider*, in addition to the 
many other conventional airplane types. 

Lnited States Air Force airrraft are designated 
)iy both ntunhers and letters. The number refers to 
the particular model and the letter to its purpose. 
If more than one letter is used, the first letter 
shows the current modification and the second the 
basic purpose. A letter following the basic mode] 
indicates a modification in the airplane's equip- 
ment. ) Inis. K B-5RA would indicate a reconnais- 
sance version of t?,e B-58, with equipment modified 
from the basic model. Table 1 given designations 
for tvpes of Air Force aircraft. 

The l .S. Navy classifies its aircraft hy a system 
of letters which tell the function of the aircraft and 
its manufacturer and a system of numbers which 
indicate the model and its modification. For exam- 
ple. a P5M-1 would he a patrol plane, the fifth 
model of the basic type built hy the Martin Com- 
pany and the first new design of the basic mode). 
Navy aircraft designations bv function are given in 
Table 2. 

Letters which follow the model number of Navy- 
aircraft indicate special modifications or equip- 
ment. as given in T '♦Me 3. 

The Navy also assigns manufacturers* code let- 
ters us listed in Table 4. 

The ba*ic military aircraft are fighters, bombers, 
transports, reconnaissance planes, and various spe- 
cial-service aircraft. Fighters are highly maneuver- 
able. fast airplanes designed to shoot down 
opposing airplanes and to give close support to 
ground forces. Thev carry machine guns, rockets, 
cannons, mi^ilcs, and bombs, depending upon their 
mission. The three basic types of fighter are day- 
light inter* eptui* designed to shoot down attack- 
ing airplanes or missiles, fighter bombers which 
prm ‘de clo*p support for ground troops and which 
attack ground targets behind enemy lines, and the 
all-weather interceptors which function as inter- 
ceptors in had weather and at night. 

Military bombers are described by their func- 
tions. The light bomber can fly relatively short 
distances and is used for tactiral support of ground 
troops. The medium Inmiher has a longer range and 
is useful both for tactical and strategic attacks. 
The heavy bomber has still greater range and alti- 
tude capabilities. If the range is great enough 
for flight to other continents and return, the 
homlier is called an intercontinental bomber. Bomb- 
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Table 3. Suffix designations for U.S. Navy aircraft 

Designation Purpose Designation Purpose 


A 

Amphibian 

N 

Night-operating 

B 

Special arma- 


aircraft 


ment 

P 

Photo recon- 

C 

Carrier conver- 


naissance 


sion of a non- 

Q 

Counter-meas- 


carrier type 


ure aircraft 

D 

Drone control 

R 

Transport 

E 

Special electronic 

S 

Antisubmarine 


gear 


warfare equip- 

G 

Search and rescue 


ment 

H 

Ambulance 

T 

Training 

J 

Target tow 

V 

Utility 

K 

Target drone 

W 

Special search 

L 

Searchlight 

Z 

Administrative 

M 

Weather recon- 




Table 4. Manufacturer designation for U.S. Navy aircraft 

Designation Manufacturer 

B Beech Aircraft Corp. 

Boeing Aircraft Co. 

D Dougins \ircraft Co., Inc. 

E (Cessna \ircraft Co., Inc. 

Hiller Helicopter. Inc 

F Grumman Aircraft Engineering Corp. 

H McDonnell Vircraft (Uirp. 

J North American Aviation. Inc. 

K. Kaman Aircraft Corp. 

L Bell Aircraft Corp. 

M Glenn L. Marlin Co 

N Naval Aircraft Development Center 

P Piawcki Helicopter Corp, 

<} Fairchild Engine and Vircraft Corp 

R Ryan Aeronautical Co 

3 Sikorsky Aircraft 

T Northrop Vircraft. Inc. 

U Chance Vought Vircraft, Inc. 

V Lockheed Vircraft Corp. 

Y Convair Division. General Dynamics Corp 


ere may also be attack, patrol, torpedo, and dive 
bombers. 

Reconnaissance aircraft are used to observe the 
enemy visually or by aerial photography. They are 
usually adapted from the basic fighter or bomber 
aircraft which are available for such use. 

Transport aircraft carry troops and war supplies. 
Many are adaptations of the airplanes used by the 
commercial airlines. Passenger seats or cargo 
space and tiedowns are provided as needed. Often 
these airplanes can be used to carry a detachable 
cargo pod on the bottom of the aircraft. By the 
use of extra pods the airplane can be kept in the 
air longer than if the airplane hold had to be un- 
loaded and reloaded before each departure. Special 
cargo-carrying aircraft are also in military use. 

The aircraft carrier developed since about 1910 
has become a highly specialized vessel. Both it and 
the aircraft carried aboard have evolved to meet 
the special purposes for which they are planned. 
See Naval architecture. 

Military aircraft pioneered flying in bad weather 
and now share with other aircraft the ability to fly 
under practically all weather conditions. See Air 
NAVIGATION. [L.A.B.] 


Aircraft compass system 

Equipment which determines the magnetic direc- 
tion of travel of an airplane for use in navigation 
and for computing position over the earth's surface*. 
The part of the system which senses the earth '« 
magnetic field is known as the fluxgate element 
This is a doughnut-shaped piece of metal of high 
magnetic permeability. A wire coil is wound around 
the inetal. and an alternating electric current peri, 
odically saturates the magnetic core. A circular 
pickup coil has three symmetrical taps so that eta. 
trical signals from the segments can be compared. 
If the fluxgate element is in an external linear mag. 
nctic field, such as the earth's, a differential second- 
order signal of twice the frequency of the alternat- 
ing current is obtained from the three segment of 
the pickup coil. This signal identifier the direction 
of the imposed linear magnetic field, and when am. 
plified, controls the indication of u main indicator 
and repeaters. 

In order to avoid northerly turning error, tin 
fluxgate element should be maintained in a horizon- 
tal position. The small, light fluxgate element prrt 
erably is mounted on the wing, where extraneous 
magnetic effects are at a minimum. The output 
signal controls the indications of a dircittonal g\ 
roM'ope. The period of precession of the gvrnMnpr 
is long in comparison to the time needed to make * 
normal turn, so that error- in the fluxgate rignal 
cause insignificant errors in the indication of d> 
rection by the directional gyroscope. The fluxgat** 
compass can be used as the directional clement !r. 
an automatic pilot, but the turn indicator is piefer 
able for maintaining straight flight. 

In the arctic regions, where the horizontal ioni 
ponent of the earth'- magnetic field i- too weak r#» 
operate either a magnetic compass or a fluxgate 
the directional gyroscope has been perfected m 
serve as the indicator of direction of travel. >»'»' 
Gyrocompass. 

The sky compass depends upon locating. !» the 
polarization of the sky light, the vertical plane con- 
taining the sun. It has had some application in polar 
navigation. [ w.g.b 

Aircraft engine 

A component of an aircraft that develops cither 
shaft horsepower or thrust and incorporates dc.-ign 
features most advantageous for aircraft propulsion. 
An engine developing shaft horsepower requires an 
additional means to convert this power to useful 
thrust for aircraft, such as a propeller, a fan. 
a helicopter rotor. It is c.ommoh practice in thi- 
case to designate the unit developing shaft horse- 
power as the aircraft engine, and the combination 
of engine and propeller, for example, °* rrrfl * 
powerp?ant. In case thrust is developed directly 
in a turbojet engine, the terms Vngine and power- 
plant are u.ied interchangeably. 

The characteristics primarily emphasized in * n 
aircraft engine are high take-off thrust ana 



„ptH'ifi<' weight, low specific fu#-l consumption, 
and low drag of th<* installed powerplant ut the air- 
t raH speeds and altitudes desired (see A in mu ft 
n<.iNK pkhkohmam.k; Aircraft hjm.; Aiiuraki 
rHorm>i° N ; PRofm.sioN I . Reliability and dura- 
bility are essential, a* is emphasis on high output 
and light weight, so that u premium is pi a red on 
quality materials and fuels, as well as on design 
and manufacturing skills and practice-. 

Air-breuthing types of uireraft engines iim- «i\y- 
gen from the atmosphere to combine chemically 
v\ifh hie! carried in the vehicle, providing the en- 
,*igv for propulsion, in contrast to rocket type- j n 
H |,j, b both the fuel and oxidi/er are carried in the 
aircraft, Air-breathing engines suffer decreased 
power or thrust output with altitude increase, doe 
in decreasing air densitv. See Aikmiam y ni.ink. 

HFiM’KIX V1IM.; iNItRNAl. < OMIH -1 ION Y M.INf ; 

Jn pwoi't t sion ; Pnom.i.KK. air; R«mkm fnune; 

I’l KRINK I'HOPI I. SION. I R.M .11 A. | 

Aircraft engine, reciprocating 

\ fuel-burning piston internal-rninlHi-tion engine 
-pc* ialtv designed and built for light weight in 
proportion to developed shall horsepower. The re- 
, iprocating engine bn* ’wn the principal ain raft 

• UL’ine and continues to provide power for such 
|«iw-llving. low speed air* raft a* small private and 
. rop -praving ail planes and helicopter*. The re- 

• ipro* ating engine drive- a propeller *oi rotor) 
ih.il- in turn, acceleiates the *urrounding air r**ar- 

.irrl mm downward), therebv imparting forward 
momentum (or lift ) to the airplane (or hchcop- 
r »*r » . 

Predominant l\ . .iir* raft recipro* ating engines 
«.j,M.it*' *»n a four-stroke Otto cycle. These -park- 
umiiou engines burn bvdrocarbon fuels and de- 
velop -haft p*»wer through «omiecting rod- and a 
'unkshaft. Major pari* are the « rankca-e. crank- 
-haft, connecting rod*, pistons, evlinders with in- 
take and exhaust valves, and such operating auxil- 
i.ine- as ignition, carlmretor. and fuel and oil 
pumps. 

iwn-stroke spark ignition and two- nr four* 
-trokc compression ignition tdie-eh reciprocating 
' (igtiii s have been developed and successfullv flown, 
('•it they have not been widely applied nor have 
th'-v significantly improved aircraft performance. 

I he reciprocating engine powered all aircraft for 
•he tu-f to vears of heavier-than-air flight, incltid- 
lr, c-ill niilitarv. commercial, and private types. The 
,d the turbojet engine near the end of 
^'»rl*l War II started a rapid conversion to turbine 
• his conversion has been primarily directed 
"ward military needs and -is limited chiefly by 
J'atlahilitv of government financing and the time 
,M piired t«i develop suitable types and *i/es of 
M»i»e engines and applicable aircraft. The Cold 
■ lr »*nd Korean War accelerated the change-over 
■M'lwriahly. ^ would be expected under these 
’^nditimiH. engines for combat-type aircraft re- 
e,w primary emphasis mi that funds for further 
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development of reei prorating engines of new types 
or major model changes were minimized after the 
end of World War II. Some cornmereial aircraft 
were supplied with turbojet and turboprop power 
in the mid- 1950*; however, the major swing to tur- 
bines occurred with advanced equipment in late 
J*/ r >8. With availability of small jet and turboprop 
engines, private aircraft are becoming available, 
particularly for business purpose*, for which speed 
is needed to compete with eommereial transporta- 
tion. 

I lie reciprocating engine has been built for air- 
craft with numerous arrangement* and numbers of 
evlinders. with a variety of fuels and antiknock 
rating?*, with various cooling systems, with various 
mean- and amount*- of supercharging, with several 
tv I»e- of fuel systems, and with and without reduc- 
tion gear-. The military premium on increased 
power and performan* e. the high cost of develop- 
ment. and a relatively rapid rate of obsolescence 
have combined to discourage purely commercial 
'■poiiM»r*hip of new types or models of aircraft en- 
gine- except for low-power applications. 

Variety of engines. Through World War I. air- 
craft had relatively low operating speeds with re- 
-u It ant low velocity head available for cooling. A 
lunited knowledge of air cooling of cylinders also 
tended to limit u*e of air-cooled fixed evlinders. 
Major combat aircraft were therefore mostly 
poweted b> water-cooled h-cv Under in-line. 8-cv Un- 
der \. and 12-cvlinder V type*. There was. how- 
ever. con-iderable u-e hv the French of air-cooled 
rotarv radial engine- for fighter or pursuit aircraft 
and aNo -orne u*e hv the British of air-cooled 
V engine-. 

World W a r I demonstrated the great importance 
of aircraft a- a unitary weapon. This resulted in 
the financing and , adoration of a great variety of 
engine type- and forms, particularly those promis- 
ing higher pnw- r and improved aircraft perform- 
ance. during thi- war and the following decade. 
Water-cooled engine- built and tested included 12*. 
18- . and 2Fcvlinder W engines. 12- and 16-cvlinder 
parallel-vertical. 16-cvlinder X. V. and fan engines. 
F ixed radial encim both air and water cooled, 
with 3 20 cylinders and one or two rows, were ex- 
plored. Air cooled 9-. 11-. and 18-cylinder rotary 
and 2-cylinder opposed engines were also built and 
run. A* earlv a* 1925 at lea*t some 31 cylinder 
on, ’ illation* in 36 tvpe* and nearly 300 models in 
horsepowers from 30 to 1000 had been or were 
being developed. 

Before 19.30 a few outstanding type* of engine* 
had emerged from this continued exploration of 
tvpe-. from new r invention and design, and from 
better material* and processes both in the engine? 
and the installation*. These were the single-row 
9-cv Under and two-row 14-cv Under air-cooled 
fixed-radial type* in medium and high horsepowers, 
the liquid-cooled 12-cvlinder V for high-speed air- 
craft. and the small 4 and 6 in-line and opposed 
air-cooled engine* in low horsepower. Reciprocal- 
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ing engine development was concentrated during 
the first half of the 1930s on refinement and per- 
formance improvement of the above types. During 
the last half of the 1930s larger and much higher 
powered two-row engines of both 14 and 18 cylin- 
ders of the radial air-cooled type were developed. 
Design also emphasized higher outputs and use of 
higher- temperature cooling on liquid-cooled 12- 
cylinder V engines, lip to 24 cylinders per engine 
and larger cylinders for liquid-cooled engines were 
studied as World War 11 approached. The last type 
of reciprocating engine of medium to high horse- 
power initiated was a four-row 28-cvlinder air- 
cooled fixed-radial type of 4360 in.' displacement, 
started in 1940. This engine reached substantial 
postwar military production and was the onlv such 
new engine type to do so. 

Fixed-radial air-cooled engines. The ^cylinder 

single-row fixed air-cooled engine combined the 
inherently good features of a short and therefore 
light crankcase and crankshaft with the maximum 
number of cylinders arranged peripheral Iv. It al*o 
provided uniform airflow at everv cylinder and 
space at the cylinder heads for widely canted valve* 
and the increased head thickness and deep finning 
needed with aluminum heads. However. considera- 
ble research, novel engineering design and develop- 
ment, as well as process improvement and installa- 
tion-cooling knowledge, were needed to utilize fiillv 
these basic advantages. 

Some of these features, which may he applied to 
ali radial engines, included forged and cast alumi- 
num parts, cooled valves, supercharger, and low- 
drag cowl. 

Forged aluminum pistons reduced the reciprocat- 
ing mass. A one-piece master rod reduc ed rotating - 
mass; it also decreased distortion of, and improved 
loading uniformity on. a one-piec e master rod bear- 
ing. This required a two-piece crankshaft. Forged 
aluminum crankcases with separate oil sump per- 
mitted more compact and lighter structure. 

Cast aluminum cylinder heads were screwed 
and shrunk to steel barrels with machined integral 
fins. The two-valve head with highlv canted valve* 
had steel or bronze valv e-seat insert* shrunk in. 
This, in combination with a major improvement 
in casting technique, permitted more uniform valve, 
spark plug, and head cooling. f*e of integral 
rocker boxes decreased weight, improved cooling, 
mechanical strength, and reliability, and simplified 
forced lubrication without leakage. 

Internally cooled exhaust valves permitted higher 
outputs from a given fuel and improved reliability 
and durability. 

A supercharger impeller, either crankshaft or 
( preferably) gear driven, improved mixture uni- 
formity and distribution to the various cylinders. 

Use of Townend ring or NACA cowl reduced 
drag in the aircraft. 

The above features in combination with many de- 
tail refinements in design such as improved cam 
design, temperature -compensated valve gears, and 
avoidance of torsional resonance in the normal op- 


erating range resulted in the late 1920s in specific 
engine weights for single-row 9-cvlinder radial* «>f 
less than 1.5 Jb/hp with a new order of reliability 
and durability (.vee Aihc haft fncink pfhfoiim 
anckI. Reduction gearing when added increased 
specific weights but improved aircraft performance 

Two-row 14-cylinder air-cooled radial engine,, 
with feature.* similar to those above were 0.1 (j o 
lb hp heavier than the comparable single-row en- 
gine of equal output. Their smaller diameter fi, r 
the same displacement or power rating as q u . 
single-row type and the smaller cylinder size 
to the larger number of cylinders tended to eom 
pensate for the higher specifie weight and initial 
cost except in the smaller engine sizes. Howevn 
some structural problems arid particularly diflu u| 
ties with torsional vibration slowed two-row en- 
gine development in the larger c\ Under *i/r* L r 
several year*. the 1830-in. 1 size being the largest 
undertaken in the United State* until 1935. 
Liquid-cooled 1 2-cylinder- V engine. The d> w l 

opment of liquid-cooled engine* wa* *pnn*nini 
throughout the 19.40* 1>\ the militarv bci au*r >.i 
marked advantages for *ing)e*cut fighter or mu-t 
ceptor applications. Schneider trophy mnic-N 
demonstrated the high *pr« ific power output' nl, 
tainahle for short period* with liquid coohriL' .m>f 
the u*e of high engine rotational speed, tin l,w 
drag associated with the low frimtal area 
drag), and the low roofing drag oht ainri! mil. 
high temperature coolant* and etfi* lent vadiahu* \r, 
strategic loratiori* with the 12-cvlindei \ engin- 
I Fig. l>. The re*ult wa* that this type of f -u^in- 
predominated in fighter* «*f the British. Unman 



Fig. 1. Crou Mctkrn of 17104n. 5 Uautd-coo 1 ** 
Indur •nglno umd In fighter, during 1 937—1 947 
ft ton Division, Control Mo fort Corp.) 


a ml V.S- Air forces until late in World Wur II 
Jmn some large radial air cooled fighter* were 
Introduced. However, the tf.S. Nuvy und the Japa- 
both relying primarily on carrier-based fight- 
<M . used radial air cooled engine* throughout, the 
lighter weight and short length being considered of 
prater carrier utility than high speed. 

I tghlweight simple reduction gear* of the offset 
wjuir type centered the propeller shaft in the V en- 
,.iiic for low drag and good pilot visibility and were 
nrre^arv for tlie high engine speed inherently 
available with the adequate bearing* and natural 
liulutme of the 12-cylinder V engine. High-tempera- 
, (in . liquid cooling using either ethvlerie glycol or 
Mhvletic glycol water mixtures at temperature* of 
°r>(i 275^' reduced radiator requirements and drag 
and provided antifreeze protection. Because of 
llir need for high hurst performance a* well a* 
lugh normal performance in fighter ail craft, rnanv 
,,f the detailed features in connection with radial 
nr t noted engine* were fir*t developed or applied 

thr liquid-cooled V engine*. In general a radial 
.in -( ooled engine of 1.5 2.H time* the engine <h* 
|.|aceinent i* required to give over all fighter ail 
.Lift pciformance comparable with a given liquid- 
. .„»!«-•( engine if equal *kcl >* applied in the uMal 
i.itum of each. 

Vlith the «*nd of World War II. a relativeK small 
Il'Jlilhef of additional liquid « ooled engine* wen* 
•I..IT 1 H f.ic tup'if for military u*e until suitable i«q 
in rail i on f«l he- developed. \ relatixelv small mini 
[n r nf liqmd-c ooled V engines were al*o < (inverted 
t.»r i ommer* ml n*e in modified aircraft However. 
n.» liquid-cooled engine* were developed and avail 
Jilr after the* war at eonipurahle eo*t in the *i/r* 
nquiml lo lompele with the large au-cooled rn 
gme*. so the licpiid < ooled tvpe was dropped in 
l.ivnr of developing turbojet fir turboprop engines 
Kith apparent advantages over either the ait- or 
lupml-c ooled Ivpesof reciprocating engines. 

Two-row radial aircooled engines. In the pe- 

r!<«! 1635 1937 manufac turers in the I nifid Mates 
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introduced large two-row radial air-cooled engines 
in sizes of 2600, 2800, and 3350 in.* 1 displacement. 
I he first of these had 14 cylinders and the latter 
two had 18 t ylinders. The 2600-in. 3 engine was 
used in sizable quantities during World War II hut 
was not used in new military or commercial post- 
war applications. The two large 18-cylinder en- 
gine* were used extensively during World War H 
and powered almost all advanced postwar recipro- 
cating-engine commercial and military transports 
in the I nited State* (Fig. 2». The principal excep- 
tion was the large 28-cylinder radial air-cooled en- 
gine of 1*60 in.- initiated in 1040. Production of 
thi* engine wa* started at the end of World War II 
and it was used after the war in both military 
ho in lie r and cargo aircraft. 

The 2800- and 3350-in. 18-cylinder engines rep- 
resent the* ultimate for radial air-cooled type* both 
in vaiietv of feature* or model* and in detail de- 
sign improvement for high specific outputs. These 
engines, initiated at power outputs of less than 
0.5 hp in. displacement on 87 octane fuel, ap- 
proac lied 1.0 hp in. in the late models on 115 145 
octane fuel without use of exhaust turbines. In the 
case of the 3350-in. engine with three blow-down 
turbine* feeding power hac k to the engine, specific 
outputs of over 1.1 hp in.' were attained for take- 
off along with specific fuel consumptions under 
0.4 lb hp at cruise while providing a major reduc- 
tion in exhaust noise. The approximate doubling 
of specific output wa* partlv a result of major im- 
provement in the octane or anliknork rating of the 
fuel available* and partly a result of major improve- 
ment in detail design of the engine, installation, 
and propeller. 

None of the fcatu.es provided in various models 
of these engine* for cq timum c*haracteri*lie* in vari- 
ous aircraft are (It various reduction gear ratios 
a* engine speed* were increased and propeller ac- 
tivity factor or disk loading* were changed, and 
(2i various centrifugal compressor* and drives for 
optimum supercharging such as (a) single stage. 


^ 2 Cutowoy of t&cytlndo' 
">->ow, rodiol, oir-coolod or 
5* M *•' <0*0, phloo dll 

T****"' iProtf 
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Fig. 3. Front throe-quarter view 
of 6-cylinder opposed engine of 
47) »n. ? displacement rated for 
260 hp at 2625 rpm at sea level; 
dry weight is 426 lb. {Continen- 
tal Motors Corp.) 



two speed. (b> two stage, two speed, (rl two stage, 
two speed with intereooler. »d> two stage, two 
speerl with blow-down exhaust turbines, and (el 
turbosupercharging with or without interceding. 

Following are some of the major design, process, 
and material details and eomponent improvements 
that have l>een fed into these engines to permit 
higher speeds and higher cylinder temperature*. and 
pressures, and to reduce local hot spots for higher 
overall engine performance on a given fuel: 
1 1 higher-strength and temperature-resistant ma- 
terials resulting from allnv improvement; (2) tise 
of induction hardening, carburizing, or nit riding 
steels for higher strength and long wear character- 
istics, particular!) where rubbing occurs, such as 
on cylinder barrel walls, piston rings, crankshafts, 
piston pins, link pins, and gears; < ,'t i use of shot 
peening or surface rolling on highlv stressed parts 
to eliminate residual stresses and add light com- 
pressive stresses for maximum uni form it v. par- 
ticularly at stress concentrations such as valve 
springs, connecting rods, rocker arms, and welded 
areas: (4i surface coating for improved function 
ing. which included such items as steel-backed, 
silver-plated master rod bearings with lead-indium 
coating: flame plating of high-temperature alloys 
on valve seat faces and insert seats; and silver, 
copper, or other coating, plating, or surface treat- 
ment to eliminate fretting, fretting erosion or 
other action leading to fatigue cracks; 15) closer 
spacing and thinner fins on aluminum cylinder 
heads and steel barrels, with improved baffling for 
more uniform and better cylinder cooling: 
( 6 \ tapered piston rings for higher-temperature 
piston operation without ring sticking; H) availa- 
bility of smaller-diameter spark plugs with ceramic 
insulation in place of mica; and 1 8) use of pres- 
sure type or floatless carburetors or fuel-injection 
systems for fuel metering to improve distribution, 
minimize icing troubles, reduce hazards of back- 
fires (eliminated in the case of fuel injection), and 
avoid engine cutout, such as occurred with float- 


type of curhuretor*. in negative# maneuvein^ 

The result of these feature* and of other dei.nl 
refinement- in combination with an increase in 
engine speed and improved supercharger elliriHn\ 
was a gain of 0,25 0.5 lip in. exclusive of the ^am 
from improved fuel. Similar impiovement h\ dr 
tail refinement and reduction of drag in the *-n gmt- 
in*tallation in the nacelle itself further mnlrihnit .» 
to the satisfactory hi*toi\ o| the reriprn< .iim- 
engine in both military and « omrneni.il .inrun 
after World War II. 

Opposed air -cooled engines. The l . fi . and < 

vlinder opposed air-tooled engine- in »ih 
zontal and vertical arrangement* took over the jm 
craft power field up to about 400 hp sfioitlv jit*? 
World War II. largelv eliminating in-line and r .:■! i n 
engines in this rating both on commen ial ini 
military applications. Developed for commen ni 
single- and twin-engine personal and husim*** jm 
craft, these engines are also used for rmlitjn 
training, reconnaissance, and drone applii aMom 
requiring high reliability and low cost ( Kig. 
They have achieved an excellent balance heuen. 
automotive rosj saving features and lightwcudit 
aircraft construction. An illustration of this i* th* 
availability of manifold fuel-mice tion svstem* pro 
viding good distribution and major reduction if> 
icing and backfiring without the Lrge expense of 
cylinder-head injection while eliminating float-hp' 
carburetors. Turbine power wJJl huve to *h<»* J 
substantial gain in cost #»r performance, a 
tion in weight, or a combination of these m th r 
complete aircraft to replace t|e*e small rf»ip r ° 
eating engines. .See Aircraft (>oMBt* , n ,,N 

ciiammi.r; Fi<m injection; HKfirnrTMt; l N, * KNAl 
COMBUSTION K.NC.fXK; OTTO SlTt.lU »l 

see also Ti'RotNK rnoru.stov i M M,HA 1 

Bibliography: C. H. ChttfirlA C F. Tay!«r. *n»l 
S. Ober, Thru Airplane and It* Engine 5th 
1949: L C. Ltchty, Internal Combustion E*t** f '' 
6th ed M 1951; C F. Taylor and K. S. Tavlnr. The 
Internal Combustion Engine, 1938. 


Aircraft engine performance 

IV propulsive effort developed liy an aircraft en- 
jiim* under the wide range of operating condition* 
lo which the engine is subjected. Airrraft engine 
performanee is evaluated in term* of either horse- 
1)llW n output or thruM output. The power produced 
|,v reciprocating engines and delivered to the pro- 
prlh’r or ol| M M, t shaft is the brake horsepower 
ihhp'. In the turboprop engine, sometimes re- 
| fl|T ed to as the prop jet. the power delivered to 
,| K . propeller hy the turbine i* railed the shall 
|,.,isepower (shpl. Jet engines mich as turbojets, 
turbofans, and ramjets produre thrust dirrrtlv hv 
the pare jet reaction of the exhaust. The thrift 
output ran he converted to horsepower only when 
the flight speed is known. 

Kngines are given several power ratings, such a* 
lake off. normal tated. and rruise powers. Take-off 
power is usually limited to 5 min duration; normal 
power or thrust is the maximum allowable 
t.»r continuous operation. Take-off power mav he 
,, much as 10',' above normal rated power. ( juise 
are used for increased life lietween over 
h.,uN and for improved fuel eronornv. In rei ipro 
, ainvg. engines, tlie recvtn.M\»drd maximum *Tin*e 
;„.\srr isiisiiallv about 75 r ; of normal rated power, 
turbopts and turboprop- it mav be as high 
s • ‘in* , . 

Reciprocating engines, Brake hoi*epower tbhpt 
■i ,\ hr i oinputeil as 


rpm str».k< 
hriiep X X 


bore* ir nunilwr of 
X * ‘ vlmdei 


li.ono 


tahrir stioke and bore are in in< hes. The ptodmt 
■■I iIm stroke and Imre terms give- piston di*p(.i< e- 
of one *-\linder -«» that 


u hmep (lb in. s | X displacement <m. , l X rpm 

792.000 


\2\ 


brake mean effect lxe pressure (bmepi rep 
the average working pressure in the cvlin- 
'^ r; evolution* per minute (rpm) in Eq. (1) is 
di\ nlr^l ),>, 2 because a power stroke oeenrs luit 
" n,< ‘ **' r r> other revolution in eaeh cylinder of a 
four • \< 1#- engine. Srr Imirnm. roxiHt’sTioN KV 

U\». 

Mo-t small engine* (under about .100 hhpl can 
M P r *rjiii* at [nil throttle at sea level. The perform 
lM(r « hararteriatiea of such engine* are repre- 
l ,v curves like those shown in Fig. 1. A full- 
! m, [t^ f, urvc and a propeller-load rune for a 
lx « -pitch propeller are shown. 
r i ,n,rn,,m ^pfrifir fuel consumption (sfc* on 
*\T'r <>rcur * in the crui*ing power range. 
f .o 1 ,u * ur * t'wnaumption is related to thermal 
™ ,r * nr y ^ hy 
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sfc 


2545 

T/z X Btu^lb of fuel 


(D 


Thus, an engine, such as in Fig. 1, which has a 
minimum sfc of 0.42 lh/hp-hr on gasoline with a 
heating value of 19,000 Btulb has a maximum 
thermal efficiency of 


Vt 


2515 

0.42 X 19.000 


- 11.9% 


(4) 


In fig. 1, if a larger propeller had been used, it 
vvoiild have absorbed more horsepower and caused 
the propeller load c urve to he displaced to the left, 
as indicated hy the dotted line. Variable-pitch pro- 
peller* can operate over a wide range of powers at 
any one speed and so. in effect, they can operate /in 
an infinite number of propeller load curves. 


£ 160 



Fig 1. Sea-level performance curves for a 200-hp 
engine at 2450 rpm. 


Indicated horsepower output i- proportional to 
air flow into the engine induction m stem, as shown 
in Fig 2. Indicated hor*ep* ,*cr lilipt is related to 
brake Horsepower by mechanical efficiency 
a> in 

ip, *= bhp ihp f5) 

Because intake manifold pressure is a measure of 
air flow to the engine at a given engine speed and 
temperature, the manifold pressure can, therefore, 
he used a* a means of power control. 

Figure 1 shows the type of performance chart 
used for engine-power control. The sea-level 
curves at constant rpm show horsepower as a di- 
rect function of absolute manifold pressure. The 
full throttle altitude curves show horsepower (all- 



Indicated 
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Fig. 2. Relation between indicated horsepower and 
air Row into the engine induction system. (A. P. Proa s. 
Aircraft Power Plants, McGraw-Hill, 1943 ) 


ing off with increasing altitude directly in propor- 
tion to the atmospheric density. A typical perform- 
ance chart for a supercharged engine is shown in 
Fig. 4. 

Turbojet engines. The thrust produced by turbo, 
jet engines is 

Fn - — * (Vi- Vo) (A) 

g 

in which F n is thrust, lb; is air flow, lh/M*«- ; 
Fj is jet velocity, ft see; V„ is flight speed, ft.'ser; 
g is acceleration due to gravity, ft /sec*. F n /fF' tl \ s 
known as the specific thrust in lb/ fib of air) (sm 
Specific thrust under sea-level static conditions unu 
ally ranges from about 45 lb (lb) (sec) to a maxi 
mum of approximately 65 lb' (lb) (see) in the 
latent large engines. Maximum jet velocit) Y } u, 
most engines varies from almut 1500 to 2100 ft M *i 
depending on the nozzle-pressure ratio and tb»* ga- 
temperature. 

F igure 5 shows that maximum cycle Yemperatun 
has a large effect on jet velocity, specific thrust 
and specific fuel con sum plum. The curve* in<ii<ai< 
that fuel economy is improved with reduced iu|. 
temperature and increased pressure ratio. On t|., 
other hand, thc> also show that reduced c\i b* t.-u, 
perature results in lower specific thrust, so that t 
larger and heavier engine would be required to pro 
due#? a given thrust at lower cycle temperatmes 

Specific weight is the ratio of engine weight r. 
thrust output. Figure 6 gives an indication • »f t>i< 
variation of specific weight with engine -t/» f hi 
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Fig. 3. Components of o power chart. {Ranger Aircraft Engine % Installation Manual) 
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Fig. 5. Turbojet engine chorocteristic* verso, M 
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engine diameter ratio 

Fig. 8. Variation of engine specific weight with size. 
(From C. T. Hewson. How to choose a VTOl power- 
p/onf, SAE Journ., 67141:26-29, 1959) 
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figure shows that although specific weight goes 
down as engine diameter is reduced, it does not 
quite follow the square-cube relationship. Accord- 
ing to this rule, thrust and engine weight vary as 
the square and cube, respectively, of engine diam- 
eter, so the specific weight should vary as the 
engine diameter. Specific engine weights range 
from approximately 0.3 lb lb of thrust in some 
large engines to about 0.15 lb lb of thrust or less 
in small engines. 

Specific fuel consumption under sea-level static 
conditions varies from approximately 0.80 lb (lb 
of thrust) (hr) in some of the larger and more 
sophisticated modern turbojets to 1.20 lb (lb of 
thrust) (hr) or more in some of the older and 
smaller engines. The newer small turbojets, how- 
ever. can achieve fuel economies almost as good a** 
those of the large engine*. 

Figure 7 is a typical performance chart for u 
turbojet engine. Net thrust F* is shown as a func- 
tion of airplane flight speed V., at constant altitude. 
Constant rpm lines show a drop in thrust a* speed 
is increased until a minimum thrust is reached and 
then a rise in thrust again with further increase-* 
in speed. Lines of constant air flow and furl flow 
are superimposed, and arrow* indicate direction* 
of increasing values. A similar *et of curves i* re- 
quired for each altitude to show the complete per- 
formance of the engine. 

Turbine engine* operate at very lean mixtures, 
approximately 0.02 lb of fuel lb of air. compared 
to the ideal or stoichiometric ratio of O.OfiT used in 



true airplane velocity 


Fig. 7. Typical performance chart for a turbojet en- 
gine. iW. Kent, Mechonicol Engineers' Handbook, 
vol. 2, 12th ed., Wifey, 1950) 



Fig. 8. Turbojet performance variations with tempera 
ture variations from NACA standard day. ( From E 1 
Vincent, The Theory and Design of Gas Turbines and 
Jet Engines, McGraw-Hill. 1950) 



Fig. 9. Probable maximum atmospheric temperate 
variations. ‘From E T, Vincent, The Theory and Deig- 
of Gas Turbines and Jet Engines. McGraw-Hill 1 950 


aircraft reciprocating engine* \- a rrMilt, tli* 
hau*t ga*e-« contain n large percentage <»i union «»• -i 
oxvgrn. Advantage i* taken of this Lift m -•!»' 
turbojet engine* bv adding an uflerburnci Iwlmnl 
the turbine where more fuel can be burnni 
cause ga*e* from the afterburner do not |»j-‘ 
through turbine blades, the afterburner tcmp'i.i 
ture can be raised substantially above turbine ml |J 
temperature. Afterburner temperatures «»f appn»u 
match 3tX M) F have been used. Jet vein* it v I »• 
consequently raised *ub*1antialh . and ?et tlim-i 
is increased accordingly, usually by 20' < or rum* 

The power output of turbine engines varies nun 1, 
more with ambient air temperature than that 
reciprocating engine*. Figure 8 show* the latp 
thrust variations that ca.i occgr in turbojet* 
variations in ambient air temperature from the 
NACA I now NASA} standard day. The prohabb 
maximum and minimum atnioXjiheric tenipeiamr*“ 
to be expected in service are diown in Hg. ^ 
resulting power variations for a turboprop U ,p, l' 
jet I and a reciprocating engine operating iM^fw-cen 
these limits are shown in Fig. 10. 

Turboprop tnginot. Turboprop and turbojfi en- 
gines both work on the Brayton cycle in whir -n a,f 
is compressed, heat is added in the conibu*^ 
chamber, and the hot gases do useful work, rd ^ 
by pushing against turbine blades or by l* 11 1 
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reaction of the exhaust gases (see Huayion 
(Yii.K). Some jet thrust is obtained in the turbo- 
but usually it uniounts to less than 20 f ; of 
the total power output. Under sea-level stalie con- 
dition*' the jet thrust is converted to equivalent 
horsepower dividing the thrust bv 2.5, this be- 
iug good average propeller static thrust per horse- 
(l wcr. This power is added to the propeller hois«- 
rr to give the total or equivalent shaft horse- 
power (cshp ) . The equivalent jet horsepower in 
flight i* computed from 


FJ', 1 
550 rj,. 


in which t),. is propeller rfficirncv. This horsepower 
■ dl |ded to the propeller horsepower to obtain tin 
equivalent shaft horsepower. 

Turboprop performance is affe* ted bv both pres- 
Mire ratio and maximum < \« 1c temperature, a- illus- 
trated in Fig. 11. Pressure ratio has a major effe» i 
m ^pn itic tuel consumption, while maximum c>« |e 
temperature affects mainlx -p«< ifi< power ntitput. 


200 



v 0 10 20 30 35 50 

oltitude. 1000 ft 

F»g 10 Power voriation between maximum and mini- 
mum atmospheric temperatures. iFrom E. T. Vincent , 
Tht? Theory and Design of Gas Turbines and Jet En- 
gines. McGrow. Hill, 1 950) 



compressor pressure ratio 



compressor pressure ratio 


Pig. 11. Effect of turbine temperature and compressor 
pressure ratio on specific power and fuel consumption. 
‘From Davison, Compressor and turbine matching con - 
siderations in turboprop engines, SAE Trans., vot. 65, 
1957; 


improves toward cruising powers. Although specific 
tind consumption^ of 0.65 lb hp-hr or better have 
been obtained in tuihopmp engines, simple recipro- 
<atmg * rigiiies ba\e given 0.42 lb hp-hr and turbo* 
(oinpound »'ngines have given 0.39 lb hp-hr or less. 

specific weights n f turboprop engine** are con* 
siderablv better than reciprocating engines, as 
shown in Fig. 12. This figure also shows that while 
the spi*« ifi< weight of reciprocating engines varies 
from nearly 2 lb h*» for the smaller sue« to less 
than » lb hp for laig* engines, the specific weight 
for turboprops remains almost constant at approxi* 
matrix 0.55 lb hp over a w ide range of horsepowers. 

Ramjets. For speeds above the flight regime of 
the turbojet the ramjet gives best performance, as 
shown in Figs. 13 and 14. Ramjet thrust, like that 
of other air-breathing jet engines. i> produced bv 


whu h determines the si/e and weight of the engine 
required. Rest over-all performance is obtained 
*it,h reasonably high pressure ratios (higher than 
f'T turbojet*) and maximum possible cvtle tern- 
{•rr.iturr, Cvcje temperatures greater than approxi- 
matelv 23trtV'R. however, have not been found to 
b'* practiial because of limitations of present high- 


<<Mn|»crattire material 
techniques. 




Ihe fuel economy of turboprop engines is I 
maximum power. As power is reduced from to 
,0 n " r,n #l rated power and cruise power. U 
temperature drops, and rpm and the 


pressor pressure ratio also fall. Ah Fig. 11 
" UYIk ' changes result in higher specific fuel 

,< Msu m p l j nn | rrn j 0 j S p rr yj r fuel mnwimp* 
t^ n , to r * w at reduced powers is opposite to the 
rf * n d in iecip rorA |i n g engines; their fuel economy 



•ngine rating, hp 

Fig. 12. Specific weight versus engine siie. (From 
D. N. Meyers and Z. M. Ciolkosi, Matching the chorac- 
teristics of heiicopters and shaft turbines. SAE Trans., 
62:437-448, 1954) 
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Fig. 13. Calculated performance of variobla-geome- 
try ramjet. (A Aarquordt Aircraft Co.) 


drop in inlet pressure recovery, and secondarily in 
the case of maximum thrust hy the lower temper, 
ture rise in the burner at the higher speeds. 

These variables are illustrated in Figs. 14 and \\ 
Figure 16 shows how inlet pressure recover\ j s 
affected by flight speed and indicates a recovrn 
of only 28 Tr at Mach 8. Figure 17 gives inlet t u r 
temperature and burner temperatures as functioriw 
of Mach number. These curves show that the inn. 
perature rise ( 7\ t — T o ) in the burner at cruiv,. 
thrust remains constant for all speeds up to Marh 
8. At maximum thrust, however, the temperatnn 
rise drops markedly with increasing speed**, in- 
cause of the dissociation of the combustion ga»*<*.. 

The flight speed range of conventional ramiH*. 
might be extended hevnnd Mach ft.8 8 bv \arioijs 
means as. for example. bv the use of special furj. 
to increase the temperature rise, nr bv *uiper**«mi. 
combustion to reduce inlet losses at high \| a « h 
numbers. Flight speeds up t<» Mach 10 or higher 


the change in momentum of the air passing through 
the engine, as expressed in Eq. I6i. 

Curves of ramjet performance for a conventional* 
type ramjet having variable geometry are given in 
Fig. 13 for speed* of Mach 0.8-8. Thrust coefficient 
and sfc curves are shown in Fig. 15 for both maxi- 
mum thrust and cruise thrust at best economv. 
Thrust coefficient C H is related to net thrust F„ as 

f n * nut *2 t8l 

ip which p is the air density, and is the 

maximum cross-sectional area of the engine. 

The curves in Fig. 15 show that performance im- 
proves considerably from Mach 0.8 up to Mach 3. 
primarily from the increased expansion ratio 
across the exhaust nozzle with increasing ram pres- 
sure. Above Mach 3 the thrust coefficient fall* off 
with increasing speed and sfc rises slowly. These 
changes are brought about mainly by the large 



Mach number 

Fig. 15. Operating temperature of variable-geome* r ‘, 
ramjet uving JP-4 fuel. 'Marquardt Aircraft Co 



Fig. 14. Inlet pressure recovery of ramjet. (Marquardt 
Aircraft Co.) 


might be po-«*ibl** with such means. At the 
end of tj»e ale. operation at sea-level 'tain 
lion*- can be achieved by ctonhirtiug the famjel wl! * 
a rocket or turbojet. 

Flight envelopes. Each type of engine i> b* 
suited for certain kind* of operation, depending •*’ 
the required speed, range, and! altitude. Hguo* ^ 
shows typical airplane flight envelope** for vaii‘>ii' 
types of engines on a chart of altitude \er*u* 
speed. For low speeds and lofw altitudes, the n 
r i prorating engine gives the' best perfotmam*- 
next comes the turboprop, and then the 1 

without afterburner. Addition of the afterburner 
extends the air speed and altitude capability ot ,,f 
turbejet substantially, and abojrc that speed com* 
the ramjet, which is capable if operation a» ur ' 
high speeds. ^ 

Roles of the various engine type* on the b*** ,fc ^ 
airplane speed and range are indicated in Fig ‘ 

As might be expected, the reciprocating engw- 

because of its high thermal efficiency, gi vr * 
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Fig. 16. Typical flight envelopes, speed and altitude. 
From A. T. Gregory, Aviation and Your Future, IAS 
Northeastern Regional Student Conference Awards 
Banquet Address , 1958) 



F.g 17 Airplone flight envelope, speed ond range, 
medium altitude. : from A. T Gregory , Aviation and 
Youf Future. IAS Northeastern Regional Student Con 
fvrence Awards Banquet Address, 1958* 
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maximum range at low air speeds. Turboprop and 
turbojet engines give maxirntun range at higher air 
speeds where their propulsive efficiency is im- 
proved. The turbojet with aflerhurner and the ram- 
jet. however, have relatively high specific fuel con- 
sumptions which limit their range capability. The 
actual value*, in Fig*., 13 and 14 are indicative of 
engine capabilities; further developments of turbo- 
jet engines rnay make them capable of operating 
at higher speeds than those shown. 

I he operating envelope fur the turhofan engine. 
sotiH'tinieH called the bypass engine, is not shown 
iu Figs. 13 and 14: it would fall between the 
turboprop and the turbojet. Like the turboprop, the 
turhofan give- improved thrust output and fuel 
economv at higher rvde temperatures and pres- 
sure ratios. 

Figure 18 shows that the addition of a fan to a 
straight turbojet produces an increase in thrust, de- 
pending on the hvpass or augmentation ratio and 
on tin* flight speed. The thrust increase under sea* 
le\d static conditions is much greater than in flight 
at altitude, with i, illustrates the fact that the turbo- 
fan dev flops proportionately more thrust for take- 
off than the straight turbojet having the same 
• Tuise thrust. 'I his increase in take-off thrust can 
be 2<i', or more, depending on the b\pa*« or 
augmentation ratio. \t the same time, fuel economy 
for f ruiso j* also improved, possibly as much as 
he* atw the turhofan is a more efficient 
m:n bine. Sir 4m* hhi kner ; Aihcraki engine: 
\niumi inuvk »<meRo<Air\<, ; Ramjet: Tlr- 
him eioiei i s|hn ; Tcrhokan; Tirbojet; Ti rho- 

l‘ROI*: Tl HHuBAM JET. 1 A.T.C. ] 

Aircraft fuel 

Tin* source of civ r j.v required for propulsion of 
airborne vehi* h*s. I ,*i- energy is released when 
the fuel reacts with the owgcn in air and so differs 
from rocket propellant* where both fuel and oxi- 
dant arc carried. Vircraft. more than other forms 
of transport, require that fuel weight he kept at a 
minimum. Therefore fuels must contain high en- 
ergv per unit weight or the highest heats of com- 
bustion conformable with other requirements. 
These highest heals are found in the lower-molecu- 
lar* weight elements: hvdrogen. lithium, beryllium, 
boron, carbon, magnesium, and aluminum, and in 
compounds of these elements. In practice, com- 
pounds of carbon and hydrogen (hydrocarbons I 
ale iishI almost exclusiveiv because of their ex- 
cellent properties and their low cost and ready 
availability from petroleum. Other fuels with 
higher heats of combustion are being considered 
tor military aircraft (see Metal-base fpei. I. 

Piston-engine fuels* While both reciprocating 
engine and iet-powered aircraft have similar needs 
as to the physical properties of fuels, the two types 
of engine* differ widely in their combustion re- 
quirements. The reciprocating engine is the more 
demanding. 

Engine requirements. In reciprocating engines 
the heat energy of the fuel is most efficiently con* 
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verted to mechanical energy by smooth and con- 
tinuous; burning during the power stroke. Under 
some conditions, however, there rnav be rapid heat 
release known as knock. Knock is identical to the 
ping sometimes experienced in automobiles dur- 
ing acceleration. If allowed to continue, knock re- 
duces the power of an engine and may destroy it 
through the severe stresses and high heat-transfer 
rates that result. Hydrocarbon fuels varv widely 
in their tendency to knock so that knock-motor 
methods and scales have been established to rate 
this property (see Octane ncmbkh). 

The fuel-air ratio fed to an aircraft engine can 
be varied from about 0.06 weight ratio (0.06 lb 
fuel per lb air I for maximum economy to about 
0.12 for maxinitim power (see Carbchetok). En- 
gines are more prone to knock at the lower ratios 
or leaner conditions; however, for specification 
control, aviation gasolines are rated at both their 
lean and rich fuel-air ratios. The two numbers used 
to characterize the various grades of aviation gaso- 
line represent these two capabilities. For example, 
a US' 145 grade fuel expresses the performance 
numbers when tested lean and rich, respectively 

Gasolines are also more prone to knock at high 
combustion chamber pressures and temperatures. 
However, the maximum power and efficiency of a 
reciprocating engine increases with increasing 
chamber pressure so that higher performance can 
be obtained with more knock-re*istant fuels. For 
example, a given engine can safel> deliver about 
2V times as much power with 115 145 gasoline 
as with 80-octane, fuel. If the engine cannot safely 
develop the higher power available from the higher 
octane fuel, the use of such fuel is. however, waste- 
ful. The added performance capability of the higher 
octane fuel makes it important to use those types of 
hydrocarbons that are most reliant to knoc k. The 
highest performance numbers are obtained from 
highly branched paraffins and from aromatic s. Trip- 
tane (2,2.3-trimethyl butane), a branched paraffin, 
has performance numbers of 144) 200 while normal 
heptane, an unbranched paraffin with the same 
number of carbon and hydrogen atoms per mole- 
cule, has octane ratings of 0 0. Toluene, an aro- 
matic. rates 93 >160 and is typical of aromatics 
in that it is an exceptionally good fuel only at rich 
conditions. 

Blend and additives. There are thousands of 
hydrocarbons that could be used in aircraft fuels 
and the examples only illustrate their wide range 
of resistance to knock. High performance fuels are 
made by selecting those stocks and refining proc- 
esses that give the greatest yields of knock- 
resistant components. Aviation gasoline is gener- 
ally a blend of selected virgin funcracked) naph- 
tha. alkylate, and catalylirally cracked gasoline. 
Alkylate is a synthetic product largely composed 
of highly branched paraffins, while catalytic gas. 
oline is rich in aromatics. 

Combustion characteristics can also be improved 
with additives, notably by using tetraethyllead. 
This agent is added in small amounts. 6 ml /gal or 
0.16 volume per cent being the maximum ever in 


regular use; 4.6 ml/gal is now the maximum. A 
typical response to tetraethyllead is that 3.5 ml 
added to 1 gal of 100-octane unleaded fuel will 
raise its performance number to 150. A few other 
antiknock additives have seen some use. Arornatit 
amines are an example but u few per cent must | K . 
added to get appreciable gains in performance 
Also effective, but requiring much greater quant j 
ties, is the injection of water or water-alcohol rmv 
tures into the intake manifold. These agents net ^ 
internal coolants but the amounts required an- 
great that they are used only briefly during t«kr 
off. 

Volatility. Aviation gasolines must also haw- 
suitable volatility characteristics for euse of start- 
ing and for equal distribution to all cylinders. Th, 
fuel must evaporate quickly and blend with air m 
the engine manifolds, but it must also be soft, 
cicntlv nonvolatile so that it will not boil in tml 
tanks and lines. Gasolines boiling over a range ».f 
about 110 325 * F meet these requirements and all 
grades of aviation gasolines have identical distil 
lation specifications. 

The tendency for a fuel to start to hoil i*. char 
art prized hv its Reid vapor pressure, appmxi 
match the absolute pressure that a fuel will r\rn 
at 100 F It is between 5 1 ■ and 7 lb in fnt a 1 1 
grades of aviation gasoline. \ \ iaf i* *n ga-nlini 
start boil at about 20.000 ft altitude if Omr 
temperature is OK) I*. Because fuel temper, ihm - 
rareh exceed this and because 20.000 ft is near ila 
ceiling for noncombat operation, fuel boiling i- 
no problem in the commercial operation of \> 

* ipro» rtting engine- powered air« raft when lln**-* 
limits on volatility are observed 

\viati*»n gasolines must also have low frer/in; 
points and he stable in storage Freezing poini- .«r» 
-76' F or below ami stabilitv is achieved hv imn. 
stable hydrocarbon storks along with spud! mi, 

< entrations of inhibitor 

Jet fuels. Volatility is the most important mu: 
sideration in the selection of tet fuels; iomhiMii>r< 
qualities are of secondary concern. The volatil/t' 
characteristics of typical samples of the sever.u 
grades of jet fuel are shown in the table, with ;ni*» 
lion gasoline for comparison. Where the Held 
por pressure tFIVP » is loo low to he measured .«• 
curatelv. the flash point is given. This is the lent 
perjfure to which a fuel must be h°ated to genn.it 1, 
sufficient vapor to form a flammable mixture 

JIM is a kerosjnr with a low i - 76' J 1* I frec/in; 
point. JP-3 is a fuel with maximum availability . 11 


Volatility characteristic! of Jot fuel! 


Jet fuel 

Distillation 

", 

Hash* ' f 

grade 

range, °F 

ft \ P. p*i 

JIM 

325-450 


120 

JP-3 

100 300 

6 


JP4 

ISO -500 

2«j 

150 

JIM 

JP-6 

Aviation 

350 500 

250 500 


gasoline 

110 325 

6 

„ 
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foiild bts made by blending two parts of gasoline 
with one part of kerosine. JIM is less volatile and 
,M»uld be made from one part of gasoline in three 
parts kerosine with addition of some distillute oiL 
jP-f) is the least volatile of all the grades and was 
designed for earrier use with high flash point as a 
I( , ( | U isite. JP-6 is less volatile than JIM or 4 hut is 
available in larger quantities than JP-1. 

j wi lability. JIM is u satisfactory turbojet and 
turboprop fuel in all regards. However, only about 
$*• of l‘.S. petroleum can be converted to a fuel 
meeting this specification, the - 76 ° V freezing 
point requirement being most restrictive. Since 
large fleets of jet aircraft cannot operate under 
•Miiergency condition* with so little fuel, the JIM 
specification was established with an availability 
patent hi up to ubont one-half of the crude oil *up- 
plv. JP 3 has the same vapor pressure as aviation 
gasoline hut is too volatile to be used at the high 
altitudes reached by |et aircraft; large losses from 
the boiling over of furl tanks occurred when it wa* 
MM | The less volatile JIM specification resulted. 
)P-t has sufficient availability to meet all needs 
.md is a satisfactory fuel for subsonic aircraft. At 
higher flight speeds, especially above Mach 2, the 
t,»el in the tanks is heated by aerodvnamic effect*, 
and e\en |e** volatile tile.* arc lequired. JIM and 
IP-ti meet these needs, 

l ulike reciprocating engines, jet engines ran 
!,uin a wide variety of fuels efficient U. The mapir 

■ nmhustion problems are keeping smoke and nun- 
fiMur r«»kr at h»w levels, i'okr is tlie carbonaceous 
.irpusit w Inch adliet r* to internal parts «*f the 

■ iinhusinr and. in *uflu ient quuntitv. can r«*din e 
•‘uuiiie performance and shorten engine lift*. >moke 

m he an atmospheric pollution nuisance around 
.«ii|Hirts because more smoke forms during take-off 
stun during cruise. Increasing the aromatic content 
»nd iik leasing the concentration* of high-Unling 
Mimponents irn reuses the smoking and coking tend- 
•ip ics nt fuels. Therefore t lie aromatic concentra- 
of jet fuels is restricted to less than 2fi<; 
•M'< for JIM ) and the concentration of high- 
Ruling material rontrolled by requiring that at 
of the fuel boils below specified tern* 

1 pifiiiures. Thin temperature range is 470 f>00 K 
l'*r all grades of jet fuel. 

1 »' mprmturr stability. An increasingly impor- 
'aiu prohlcm is in provide a fuel that remains sta- 
t«» relatively high temperatures. This problem 
ones partly because of aerody namic heating of 
^ lr bud tanks at high speeds and partly because 
'd the use of the fuel during its flow to the com- 
" H,ir r ool the engine lubricant in a heat ex- 
langer. fuel* can be so heated to 300- 400° F and, 
d nn| sufficiently stable, can form small amount* 
K ‘»lid s which may foul the exchanger and fuel 
'“niroUor dog f ur i nozzle*. 

i’ 1 muni also have low freezing points 

for JlM,*3,-4; -65°F for JIM; and 
<*tlj /° r ^ stable storage, and meet 

- important specification requirement*. 
* m,>Hl important criterion of fuel quality is its 
°f combustion. However, hydrocarbons suit- 
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aide for jet fuels are all nearly the same in this 
regard so that all the grades of jet fuel have heats 
of combustion between 18,400 and 18,800 Btu/Ui. 

| n.H.H.J 

bibliography: Kthyl Corporation, Aviation Fuels 
and Their Effects on Engine Performance , 1951. 

Aircraft instrument panel 

A coordinated instrument display arranged to pro- 
vide the pilot and flight crew with information 
about the aircraft's speed, altitude, attitude, head- 
ing. and condition. The panel also serves to advi*e 
the pilot of the aircraft's response to his attempts 
to control it. Aircraft condition concerns such 
items as fuel consumption, fuel remaining, engine 
operating condition*, and *o forth. In a *en*c the 
instrument panel is a device providing feedback in- 
formation to the pilot. Hi* decision-making ability 
i* determined to a large extent bv the accuracy and 
availability of inhumation which he can derive 
from hi* in*trument*. and also the time required for 
him to interpret the information properly and re- 
act to it. His ability to control the path of the air- 
craft i* dependent on his ability to integrate a 
sene* of reading* from individual instruments per- 
tinent to hi* exi*ting need*, while maintaining the 
desired condition* of flight bv continuous refer- 
ence to the other instrument*. 

lor rnanv \ear* the de-ign of the instrument 
panel wa* conducted on a casual basis. with instru- 
ment* grouped by function or system, or perhaps 
on the bu*-is of availability of space on and behind 
the panel, nr on other mechanical requirements. 
With the continuing increase in complexity of air- 
craft and engine*, the panel became a complex 
maze of dials, gages, and *etting knobs, particu- 
larly in military and multiengined aircraft. 

Flight and navigation instruments. Light air- 
craft carry the minenum possible *et of instru- 
ment.*: a fuel-quantity measuring device, an air- 
*pced indicator, an altimeter, a tachometer, an 
engine oil-pressure gage, and a magnetic compass. 
Fven thi* *imple panel has received only scattered 
attempt* at a logical standardization of position. 
The*e in*truments do. however, allow a pilot to 
control his airplane under weather conditions 
where vi*ibilit\ permits visual reference to a hori- 
zon for attitude control, as well as navigation by 
topographic observation in relation to a set of maps 
or personal knowledge of the local terrain. 

Sm n a *et of instruments i* insufficient to permit 
flight under conditions of poor visibility; under 
these circumstances the panel must also contain 
gyro instruments which present an artificial hori- 
zon and hank-angle data for attitude control. The 
addition of navigational radios and gyro com- 
passes aids in flying from point to point, while the 
addition of fuel-flow meters provides information as 
to the rate of fuel usage, allowing an extrapolation 
to be made from which to estimate the remaining 
time and range under existing flight conditions. Ad- 
ditional engine instruments must be added in multi- 
engine and high-performance equipment to provide 
data on engine oil temperature, manifold pressure. 
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Fig. 1. Integrated flight instrument panel designed by 
Wright Air Development Center and used on high 
performance fighters. (Aviation Week) 



Fig. 2. Interim ANIP cockpit mock-up with instrument 
panel organised for rapid interpretation. (Doug/as 
Aircraft Corp.) 


outside air temperature, power output (torque 
pressure or compressor pressure ratio;, and the 
like. To aid in cruise control, angle-of-attack indi- 
cators and Mach meters supplement the airspeed 
indicator. 

Organization for decision. The casual addition 
of a large number of these instruments resulted 
ultimate!) in a confusing array of dials and gages 
confronting the pitot, with a consequent decrease 
in the availability of information provided by the 
instrument panel. The situation became particu- 
larly serious in aircraft with a single pilot. The 
random placement of many instruments made their 
indications difficult to interpret, and the lack of an 
underlying logical arrangement increased the time 
and cost of retraining flight crews from one type 
of aircraft to another. The situation was further 
confused by variances in instrument placement in 
the same type and model of aircraft, as dictated 


by the individual or agency using the aircraft. 

Because of the critical nature of this situation 
various agencies initiated programs designed to 
integrate the presentation of information to the p,. 
lot in an entirely logical fashion. A great deal 0 { 
psychological experimentation in human engineer- 
ing went into these programs, with the result that 
the decision was reached to rrvise entirely the cur- 
rent operating procedures for data presentation. 

The hash* concept was It* eliminate to as great a ‘ 
degree as possible the need for auxiliary computa- 
tions on the part of the pilot and to present t„ 
him only those data which he required to make cfc. 
cisions (Fig, 1). Thus, in ANIP. the Army-Navv 
Instrumentation Program, data on position, atti- 
tilde, altitude, and speed, as well as direct ionui of. 
erences, were found to he presentable on a single 
replica representation of ornnipotive visibility pro. 
jected into the pilot's line of vision on a flat teleu 
sion tube, with auxiliary specific information *tnh 
as Mach number presented on a projected 
around the periphery of the lube ( Fig. 2t. The in) 
tral projection is known as the path in the sk\ 
Navigational data are presented on a separatr 
screen which display* a map of the terrain ovw 
which the aircraft U living, together with a « ir« !e 
showing the range capnhilitv of the aii< raft u it}, 
respect to if* present position, shown as j um<|iu 
point on the screen relative to the moving map pr . 
jection. The screen also shows the course of tin .n* 
craft and presents hazards to flight such a- o|| ( k 
aircraft and terrain features. \ u xi liar v infonn.ifii.i 
concerning the operating status of the aiu um - 
systems is presented in a manner engineered in pr.. 
vide direct and accurate reading and interpret, ir!i<> 

( Fig. H t 

\ presentation of the tvpe illustrated 111 lh» f;*. 
ures eliminate*, the need for individual m-lrmr;*’ 
tation hut docs require that the srnsoi* on tin ,n' 
plane feed their information to a central «mi!r 
computer which combine* if for presentation mi! 
pilot. Thu*, the presentation still suffers from tl. 
fundamental difficulties of censor inadnpi.n 
which include calibration error, position crior. !.!. 
error. and certain anomalous behavior pattern- di;< 
entirely to the design of the instruments. 

For example, an air speed indicator pre*»n' 
true speed information only under an arl»ili am 
assigned set of pressure, temperature, and dciwt 
conditions which approximate average condition 
existing at sea level on an Average day at I 11 
latitude. I -rider any other set pf conditions fin* <d r 
speed indicator does not prepent true- speed. 1»'» 
rather what is termed indicated air speed. 
over. Air-speed sensing equipment is generally 
signed on the 'assumption that flow i* subsonic, 
that upon encountering a wave both the ta 1 

bratbns of the pickup heads And the instrument h 
* clf cease to he valid. 

Similarly, an altimeter is a specialized 
gage of the aneroid type, which measures externa 
pressure and converts it to an altitude which 
be the true altitude under an arbitrary act uf 
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Fiq 3 Futuristic design for instrument panel presents 
patK in the sky on central panel and navigational 
data on screen below. ( Douglas A ircraft Co rp.) 


■ ill < * i r i ( J it inn** i see XiiiMMI.K. rREsMIiG). Be* 
!■!«.#• ihr .irhitrarv **ri of standard mmiitionv is a 
itMii.il mean. i! newt exists. Height above the 

:,, m - i mi i" obtainable through radar nr radio altirn- 
•M- I nv»‘ \l IIMKHH. KMilol. Altitude rail be 
■ 'imputed from the indicated output of am*lrralion 
*> mounted u|H»n a stable platform. 

\ imue s^rioii« problem is encountered when 
ii“siire measuring equipment i- lined whiib in- 
measurement of the change of pressure in a 

■ ap-ul#* mounted norm* distance from the actual 
I'fi^urr pickup. The lag introduced in such a case 

'*** produce altitude readings which are more 
X(HHl ft in error during a room climb or sinv 
'Ijt maneuver carried out by a high-performance 
'•link These limitations require that the central 
daij computer compensate its input data for sensor 
rp qK«n*e»i before operating on them to establish 
! ^‘ ,rn#> ^tate of motion and location of the air* 
raft. Mor* sophisticated sensing element* capable 
eliminating lag and similar phenomena are also 
“"••'ntial. Srr Aircraft instrumentation, 

|d.6.d. ; R K.o.l 

* ,rcr aft instrumentation 

i»laiM* ,rnfn ^ for navigation of the air- 

' an# ** f° r measurement of power-plant perform* 
re - l«r insurance of safety and comfort, and for 


flight tests. Communication equipment is not in- 
cluded. 

Not all of the instrument* listed below are in- 
stalled on every airplane. Private airplanes gener- 
ally contain only 5 -10 of those listed, since flight 
under poor-visibility conditions is avoided. 

Hernotc indication is provided on all but small 
airplanes. Klectric transmission from the sensing 
elements is preferred over pneumatic transmission. 
Klectric leads weigh less than tubing and are easier 
to install. Also, electric transmission has a smaller 
lime lag and is more compatible with most com- 
puter-* and multiple indicators. 

In general, the output of airplane instruments 
mu.-t be independent of extraneous accelerations, 
of vibration, of instrument temperature, and of ic- 
ing conditions. They must not corrode in the trop- 
ifs. and they must be impervious to dust storms 
and rain. \rt urarv to close tolerances is often re- 
quired. Special provision must be made for light- 
ing. often in addition to the general use of radium 
paint on the dial and pointer. Above all, reliable 
operation i«* nece--dry. For information on instru- 
ment panel layout, see Aircraft instrument 

I'tMI.. 

Navigation instruments. These include pressure 
and radio altimeter-, air-speed indicators and com- 
puters of true air speed. Machmeters. Doppler 
true-air* speed meters, compass and directional 
gvro or other compass systems, turn and bank in- 
dicators. attitude indicators or gyroscopic horizons, 
radio direction finders, glide- path indicators, oc- 
tant- and navigation watches, drift meters, free-air 
thermometers, and clocks. Automatic pilots inte- 
grate data on attitude, direction, and altitude and 
applv these data to the airplane controls to main- 
tain straight, level flight in a fixed direction <see 
Ar roru oi ) . Air data systems measure total im- 
pact and -tatic pressures, free-air temperature, 
and aircraft direction. These data are used to com- 
pute indicated and true air speed, altitude and. if 
wind data are available, ground speed and posi- 
tion. See N*\ig*tion instruments; Navigation 

SVVn.Als. I I.M TRONIC. 

Power-plant instruments. Included in this cate- 
gory are tachometers, engine-speed synchronizers, 
fuel flowmeters, fuel and oil quantity gages, en- 
gine torque meteis. thermometers for oil or coolant 
in engine components, manifold pressure gages, 
differ 'itial pressure gages for fuel and oil. elec- 
trical power supply instruments, and detonation 
instruments. 

Safety and comfort instruments. In addition to 

some of the above, these include accelerometers, 
radar, carbon monoxide indicators, stall-warning 
indicators, fire-detection instruments, oxygen sup- 
ply apparatus, and indicators of the positions of 
the landing wheels, flaps, and oil-cinder flaps. 

Flight test Instruments. These usually include 
many of the above, arranged to obtain an auto- 
matic record either on the airplane or on the 
ground by telemetering. Additional instruments 
used are those measuring structural strains and vi- 
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brat ion* yaw and unghsof-attack meters, stick force 
indicators, and instruments measuring the output 
of jet engines (see Aircraft testing). Many of 
the instruments listed here are the subjects of sep- 
arate articles. Others will be found in articles on 
aircraft, propulsion, and the quantity being meas- 
ured. fw.«;.R. | 

Aircraft low-approach systems 

Means for furnishing guidance in the vertical and 
horizontal planes to aircraft during descent from 
an initial approach altitude to a point near the 
ground. Gxnpletion of a landing require- guidance 
to touchdown by means other than approach sys- 
tems. For discussion of common approach -vs- 
terns, see I nstri mkn r i andini; system fll.Si; 
Precision approach raoak iPAH 1 ; see a/so N \\i- 

CiATION SYSTEMS, ELECTRONIC, [ IM .s. | 

Aircraft noise 

The effective -otind output of the various source- of 
noise associated with aircraft operation. The pre- 
dominant -ourees include the propeller and e\hau-t 
noise associated with reciprocating engines; the 
jet noise produced by turbojet, ramjet, and rocket 
engines; and other forms of noise caused bv aero- 
dynamic turbulence and shock wave inter.iclion- 
as the aircraft flies through the air. The fir-t two 
categories. a><ociated with the aircraft engine, are 
important not onlv in their effect on the aircraft*- 
occupants and on the reliahilitv of the equipment 
<*nd aircraft structure hut also in their effei t on 
people on the ground. Those turbulent -mine- **t 
noise primarily related to the flow of air pa-t the 
aircraft arc important only to the aircraft and it- 
occupants. • 

Jet streams at the present time are the source* of 
greate-t continuous noi-e produced hv man. A tur- 
bojet engine as u-ed on a commercial airliner will 
produce acoustic powers in excess of 10,000 watt-, 
while a large rocket engine will prod tier in excc— 
of 10.000,000 watts. 

Propeller noise. In its practical aspects, propel- 
ler noise result- from the fluctuating pre— tire field 
associated with the rotational motion of the blade- 
through the air and from the noise produced hv 
vortices -hed from the blades when in motion. 

Rotational noise. Propeller rotational noise pro- 
duces a periodic pressure field which can he ana- 
lyzed. approximately, by Fourier techniqm The 
analysis assumes that all point- in the di-k -wept 
out by the propeller while it is rotating are excited 
by the same function, namely the displacement of 
the propeller blade, but the phase of the excitation 
rotates around the disk with the propeller velocity. 
The formal analysis involves consideration of blade 
dimensions, including thickness, and the distribu- 
tion of torque and thrust along the blade. Bv mak- 
ing the assumptions that the torque and thrust act 
at an effective mean radius R, which is. (or a small 
number of blades, approximately equal to 0.7 of 
the propeller radius, an approximate expression 
for the sound pressure produced at a distance r 


from the propeller by blade rotation is as follow. 

SrtT [~ Pa * 6 +' J'Z JmAkRr 

where m » 0. 1, 2 is the order of the |j ar 

inonic; <oi » nor. the fundamental angular freqin M)u 
of blade passage; n » number of blade-; <» |, r „ 

peller rotational velocity in radians sec; c u 
locity of sound; r * distance from observer to p r „ 
peller; P «■ thrust; 0 « angle between dim in,,, 
of flight and po-ilion vector for observer; \ f <. 
put torque; R, -* effective propeller tadius; J, it 
Bessel function of order m X n ; and k -- M c, When 
w =■ frequem v of /nth harmonic of <»m. Thi* 
sion predicts the -ound pre— lire for the funding,, 
tal and lower order harmonic- fairly well but p n 
erallv predicts too low a value for the hi^h 
harmonics. Fortiinatefv, most of the energv j*. j,. 
the fundamental and fir-t few harmonic-. The .j, vl 
rial di-tribution of -ound pie— ure predicted h. i| M . 
expression as compured to a tvpical measured ,J,. 
trihution i- shown in Fig. 1 See PitnemHt. \ )H 




Fig. 1 Spatial divtribution of sound produced by 
rational noive from propellers. *o) First hornrson 
f b) Second harmonic. <c) Third harmonic, ‘d) foo 
harmonic. 


Porte % noise . The noise produced bv the -lu 
ding of vortices from the propeller blade- a- 
flow- pa-l them i- generally qnnsidered to ,,>nlr j 
tile most of the energy in propeller noise at n»i<' 
and high frequencies The knowledge of thb l >r ‘ 
ess is not ver> thorough at present. Fmpiri** 1 
however, it ha- been found that the over all 
intensity level at a distance of 300 ft bom a i ,r 
peller c «»n be expressed by 

IL « 10 log ik -4FV10 ,R I 
where k i* a constant having an approximate 
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of 3.8 X 10 A i s ill#* area of the propeller disk, 
arid V » s the velocity at the effective radio- of tin; 
prof idler, approximately 0.7 of its actual radios. 

Noise produced by vortex shedding i*. j n general, 
i.indoni in nature. The spcrtnim. howcvci lend* to 
d,mv a maximum of energv around a frcqucmv. 
/„. given approximately h\ /„ - S n u d t where .S„ 
j„ j constant approximated equal to 0.2 railed the 
Strnohiil niimher, // is the velm-ity of the flow 
around the propeller, ami d is the ihickne** „{ the 
|, lade. Although energv is present at higher and 
lower frequenc ies, it tends to derrease in amplitude 
oil either side of at approximated 3 (\ decibel* 
ull*l per or lave of freqoem v. 

Exhaust noise. I lie noise from the exhaust* of 
i,., jproratmg engines i* general!* several orders . ,f 
magnitude les* intense than propeller noise. The 
over all uroustic power level i/WI.) of exhaust 
noise in dh relative to It) ’ wall i* given approxi 
m.itelv li\ the expression 

f*lt / - I2^> ♦ It) logj,. ( lior *epuv\ er i 

|‘|,c *pr«fra! distribution in o. lave hand* of fre- 
.jijrnrv i* approxinitifelv a* follow* - the power 
l« w I in the orlave harul rout. lining the |«»we*t fre 
,pif in * exhaust fi»nqi«vv ■:,* that i-. the numhet of 
•I l -charge* per se» ond. Ire* ahout * dh below the 
. IV 1*1 -a 1 1 pow*i r level I he level* in orf.ive hand* 
ilmve till- one decrease at ahout 3 dh oitave 
Jet noise. The turbulent mixing of <t *trc.ini of 
tiigh-veloetlv ga* issuing from a tio//h* into quie*. 

- 1 nt ga* snffounding the tel produ<«** |et mo*# 
He* Mine hasie rtu'i liarn*m applie* whether the 
-trcaiii i* exhausting from a small air n«i//|e or from 
large |ef nr rocket engine Sxmd i* generated 
.•’im.mlv hv the Hmtu.iting shearing uiotroii taking 
e while the high-v •'!•»• it \ gas mixe* with tin 
l >" into which it exhausts Thi* turlu.lent intera> 

‘ *p l iidi.it »■* ;u otr*? ic.j) power mi a quadrupolelike 
'li-triluition. whose strength i* determined h* tin 
i'ltsiiv of the exhaust ga* p , the xeloettv of *oiind 
1 in the quie*< ent medium, ami the axial o»mp«- 
« , ' , ||* of tile jef \e|ocitv , r . 

>ourn1 jmurr . The acoustic power radiated hv 
jet i* obtained hv summing the < onii llmtion* 
lr,,nj all the turliiilenl elements. Sim r tin* genera- 
*d turhulemc i* random in nature, the surnnia 
f |,,n tu'ist lie made in a statistical sense, with in 
div idti.il cnnirihiition* to the radiated power being 
tuple hv those quadrupnle* which ate uncorrehited 
m the development of the turbulent stream. The 
' m high average convection vclmity of tmhulent 
'ddii*- induces a high shear rate in the stream, ac- 
f,r iiiuUiiig the radiation of sound. In order to make 
‘piantitative estimates of the ac oustic energy radi- 
t, . M - )>t stream, knowledge is requited of 

' h aWT '|^ r ‘ turhulenl eddv volume, pressure flue* 
w. | t , nn <l in the shear laxer. and the velocit* gradi 
1,1 fulfil ient data on these quantities do not exist 
5 ,,rmh n ‘Iitt!»le computation, 
nr U experimental data, together with in* 

DutT 1,1 ir ' m dimensional analysis <*ce 

' n muxal *Nai.y»i*), indicate that the sound 


power radiated from a jet at subsonic to sonic jet 
velocities is given hv the equation: 

K p,t ■ ,p 

P<> n* 

where K „ ~ acoustic power of jet: lf m «* mechan- 
real power of jet: ?/ - acoustic efficiency (of the 
ordr*r of 10 * v, ' ■ r, t T ' ) : K *=- a constant; fi } — den- 
'*it\ of jet: />ii =■ density of atmosphere; f’ ; = veloc- 
i f v of jet: r„ ;= sound velocity in atmosphere; and 
d - diameter of jet no/./Je. 

I he mechanical power in a jet stream of cross 
section A i* given hv IT, n =■ K'p^ry. It is clear, 
therefore, that the *trong dependence of the radi- 
ated acoustic power of a jet on its velocity cannot 
increase indefinitely as the jet operates at super- 
* ,, ni | velocities, that is. velocities exceeding that of 
sound. A- the jet velocity increases, the aeou*tje 
power conversion mu*t drop from the Rth to no 
more than the dd power of velocity. The limiting 
fegion in which lhh might occur can he estimated 
b\ considering that the ai oii*tic power is generated 
hv. and thcrefon cannot exceed, the amount of tur- 
huleiif fiowcr in the jet stream. Measurements of 
tin* mean convection velocity of turbulence in a jet 
indii at»’ that the turbulent power i** approximately 
1 n*-. "f the total mechanical power in the stream. 
Ilni-. the limiting efficieney of conversion of me- 
< ha nical to a< o»isti«- power in a jet i* approximated 
h* lln* limit is well borne out by measurements 
<»n ’.uge supersonic rainjet and rocket engines 

li i- u*eful to describe the sound power of a |et 
jm terms of the efficiency with which mechanical 
power is converted to acoustic power. This effi- 
« ion. v i* a fum linn of the jet velocity i } . densitv 
/i . absolute temperature 7\. and of the density p*,. 
\ch . :f v *»f sfiuml * and absolute temperature 7*.. 
of the amhient gas i .to which the jet expand*. The 
jet veloi itv is taken to he the expanded velocity in 
supersonic High*, where the expanded velocitv is 
given hv the latio of the thrust of the jet to the 
mass flow of the ict stream. By Use of the varia- 
tion of *ound power with the 8th power of velocity 
to determine the acoustic efficiency at subsonic ve- 
locities. and the variation with the 3d power of 
vrlntifv in determining the upper limit, the acous- 
tic conversion efffi ienev can he represented a.s 
shown in Fig. 2. The regions where experimental 
data show actual measured efficiencies for small, 
an. ent temperature air jets up to large, high tem- 
perature supersonic rockets are indicated on the 
figure. .Ve Si rm*oM< H ii.iit. 

Sprrrrum. The spectrum of noi.se generated hv a 
ict is broad and flat. Although a tendency exists to 
radiate sound more intensely in the frequency re- 
gion near « 0.13 t\ the sfHVtnnn on either 
side of thi* frequency i* within 3 dh of the maxi- 
mum for several octave*. Below* and above this re- 
gion the spectrum drops off approximately at the 
rate of S dh octave of frequency. 

SjMfitd distribution. The sound radiated from a 
tet stream, assumed to he cylindrieallv symmetri- 
cal, has strong directional properties. The shearing 
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expanded jet velocity/ambienf sound velocity, v } /r 0 


Fig. 2. Efficiency of conversion of mechanical to acous- 
tical power in a jet stream. 



angle from forward end of aircraft 


Fig. 3. Spatial distribution of sound produced by a 
turbojet engine in the frequency range of 20-10,000 
cps. 

action of the flow in the stream tends to orient the 
quadrupole distribution in such a way that a pro- 
nounced peak in radiated acoustic power occurs at 
an angle of approximately 45° from the axis of the 
jet. The actual angle of this maximum' varies some- 
what with frecpiency and jet stream velocity but 
usually lies in the range of 30-60° from the jet 
axis. The energy radiated forward and backward 
of this maximum drops off sharply. As the observa- 
tion point moves towards 180° from the direction 
of the jet exhaust, the noise levels drop as much as 
30 db from those at the maximum. Similarly, mov- 
ing towards the jet stream itself, a rapid dec rease 
in noise levels is observed. On the axis of the jet an 
actual null is observed, with the radiated acoustic 
power reduced essentially to zero. The spatial dis- 
tribution of acoustical power radiated from a typi- 
cal turbojet engine is plotted in Fig. 3 for the fre- 
quency range of 20 - 10,000 cps. 

Noise reduction . Considerable effort has been ex- 
pended in attempting to reduce the amount of 
acoustic power developed by jet engines. The only 
effective methods produced so far involve changing 
the jet exit nozzle configuration in such a way that 
the shear gradients and average jet velocity are re- 
duced by induction of secondary air in the mixing 
region of the jet. Alterations in the shape of the 
spectrum are also produced, shifting the distribu- 
tion of acoustical energy from lower to higher fre- 
quencies, thus reducing the apparent over-all mdse 


level. This shift can he detrimental in noise control 
problems, however, since I he ear is more sensitive 
to high than low frequency energy. 

Boundary-layer noise. A factor of major impor 
lance in high speed aircraft is boundary-layer 
noise. As a body moves through a gas at high speed, 
the viscosity of the gas introduces a turbulent luyei 
near the surface of the body. This layer of turbu- 
lent gas may range from fractions of an inch to 
tens of inches in thickness, depending primariK 
upon the speed and length of the body, surface con- 
figuration, gas viscosity, and gas density. Within 
this turbulent region, eddies continually form and 
decay, sweeping along with the flow during their 
lifetime. These eddies induce a fluctuating pressure 
field along the moving body. This pressure field 
forces motion of the walls of the body in a similar 
fashion as that of a normally radiating sound field. 
Sec Boi .NOAHY-l.AYKK FLOW. 

The intensity of boundary-layer noi*r can be rr 
lated empirically to the intensity of u sound pres- 
sure level which would produce an equivalent ef- 
fect at the surface of the body. I bis relationship i* 
dependent upon the dynamic pressure q of tin- 
freely moving gas surrounding the body, equal to 
where p in the gus den>itv and i the fin 
stream gas velocity with respect to the hodv. Tin 
over-all sound pressure level (SPU) in db re I rel.i- 
tive to) 0.0002 microhar is then gi\en appmxi 
inately by the expression SIM. - 80 t 20 log <f 

The spectrum of boundary -lax cr noise ha- t lit 
general broad hand characteristics of other tiirlm 
lence-generated noise sources, peaking hroadlx .it 
some frequency, then decreasing 4 *n either side o! 
this frequency at about 6 db 'octave of frequent 
The central frequency of maximum intensitx f< i- 
given approximately by /u ~ 0.4 v 8, where / i- 
again the free stream velocity and 8 is the boun 
dary-layer thickne Ss. 

As an example of houndary-lawr noise. < onsidcr 
a jet transport cruising at a Mach number of 
at 40,000 ft altitude. A typical value of 8 might W 
0.3 ft. Under these conditions the over-all boundan- 
layer equivalent sound pressure level is approxi- 
mately 134 db re 0.0002 microhar. with a maximum 
intensity in the frequency range around 1300 rp- 
Sec Novsk control. (w.j.t... 

Bibliography: P. A. Frunken and E. M. Kcrvxin 
et al.. Methods of Flight Vehicle Noise Prediction. 
WADC TR 58 343, 1058; C. M. Harris led.) 
Handbook of Noise Control , 1957. 

Aircraft propulsion 

Flying machines obtain their (impulsion by ih<‘ 
rearward acceleration of matter. This is an ap- 
plication of Newton's third lawj that for every ac- 
tion there is an equal and opposite reaction. 

Aircreft requirements. In propeller-driven air- 
craft, the propulsive medium b the ambient air 
which is accelerated to the reafr by the action «» 
the propeller. The acceleration of the air that 
passes through the engine provides only a * rt ‘ 
ondary contribution to the thrust. 
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In the cane of turbojet and ramjet engine**, the 
ambient air in again the propulsive medium, but 
the thrust is obtained by the acceleration of the 
air as it passes through the engine. After being 
^impressed and heated in the engine, this air is 
rpM-U'd rearward from the engine at a greater 
trlocity than it had when it entered. 

Rockets carry their own propulsive medium. 
The propellants are burned at high pressure in a 
combustion chamber and are ejected rearward to 
produce thrust. .See Rockkt k.ncink. 

In every case, the thrust provided is. equal to the* 
, n a*»* of propulsive medium per second multiplied 
h\ the increase in its velocity produced by the 
propulsive device. This is substantially Newton’s 
„ tr oinl law. .See Fldid-h.ow pkinmiu.ks. 

The common types of aircraft propulsion sys- 
tems are 

Reciprocating or piston engine 
Compound engine, a combination of tin* recipro- 
cating engine and the exhaust gas turbine 
Turboprop engine 
Turbojet engine 
Ramjet engine 
Tui licet am jet engine 
l*uUe|el engine 
Nuclear engine* 

Rocket engine 

( liber piopulsion "V-terns have been pioposed and 
M'ldied. but have plaved a lesser rob* in tin* devel- 
opment of the airplane. 

Hie airplane lift drag ratio l. I) U a primary 
l.u’loi that deter mines the thnM recpiired from the 
l»n»puMon system to fl v a given airplane. 

/. airplane lift 
/) airplane* *lrag 

lo sustain flight, the ait plane lift must lie eepial 
i" cut plane gross weight, and the engine thrust 
must be equal to the airplane drag. Hence, if the 
I- If of an airplane* ivpe is known, the recpiired 
•■ngine thrust F e on he computed from the airplane 
i:n>sv weight If ' „ by the relation 

F = \l) IMf (1) 

Hu* airplane lift-drag ratio depends upon the 
Hiuht sp<vd. the state of the art of aireraft design, 
die capability of the designer, and. in meas- 

upon the application of the airplane, which 
wa\ |>e reflected in configuration compromises that 
‘‘fhvt the drug. The higher the lifLdrag ratio, the 
moo- effu ient is the airplane. Figure 1 represents 
M epical curve of lift-drag ratios against flight 
^ ; i<’h mimlier for aircraft oT good design in the 
<‘wi\ l%Os. 

^ "‘harp re*duction in /- 7) occurs with increase 
1,1 flight Mach number in the vicinity of a Mach 
"umber of unity, and this is reflected in a sharp in* 
in the thrust required for flight. Flight 
u,, h number is the ratio of the airplane speed to 
1 10 s lN'ed of sound in the ambient atmosphere. At 



Fig. 1. Lift-drag ratio of aircraft at about 1950. 
(From R. E. Hage and R . 0. Fitzsimmons , Economic 
aspects of the supersonic jet transport , Aeronaut. Eng. 
Rev., M(9>:42-45, 1952) 

standard sea-level conditions, the speed of sound is 

77‘l niph 

Aircraft performance. In selecting a propulsion 
system for a given application, one is concerned 
with the following ratios of engine characteristics 
t.vec Air* hah knc.inh phuohm anck ) : Ml engine 
weight to engine thrust, designated sperific engine 
weight, lb lb of thrust: (2) engine frontal area 
to engine thrust, designated specific frontal area, 
ft- lb of thrust : (Hi fuel flow rate to engine thrust, 
designated thrust specific fuel consumption. SFC. 
lb hour Ih of thrust. 

Low values for these factors are desired. A re- 
duction in specific- frontal area is reflected in a re- 
duction in airplane drag and hence in an increase 
in L If. 

The gross weight If \ of an airplane can be 
broken into component weights 

r« - r. f + Jr, f r,+ w v (2 1 

where lf’*i is structural weight of empty airplane 
less engines, and is usually between 25 and 30^c 
of gross weight: If r is weight of engine or propul- 
sion system; If t is weight of fuel: and If r is 
weight of payload. 

For a given gross weight, a reduction in engine 
specific weight allows a corresponding increase in 
payload or fuel load. An increase in fuel load in- 
creases flight range. 

An increase in flight range for a given fuel load 
can be achieved by reducing the engine specific 
fuel consumption, since less fuel is burned per 
hour per pound of thrust. 

Aircraft speed requirement. Competition among 
nations and among commercial airlines has created 
a continuing demand for increased flight speed. 
The reduction in aircraft L D that accompanies an 
increase in speed (Fig. 1) requires an increase in 
engine thrust for an airplane of a given gross 
weight, Eq. (1L For a given engine specific 
weight, an increase in required engine thrust re- 
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suits in an increase in engine weight and hence a 
reduction in fuel load and payload that an air- 
plane of a given gross weight can carry. Kq. (2). If 
the engine weight becomes so large that no fuel 
can be carried by the airplane, the airplane has 
zero flight range regardless of the efficiency of the 
engine. At some speed before this point is reached, 
it becomes advantageous to shift to an engine tvpe 
that has a lower specific engine weight even at the 
cost of an increased specific fuel consumption. 

At low subsonic (light speeds, the piston t\pe 
reciprocating engine provides the best airplane 
performance in terms of pavload and flight range. 
As flight speed increases, specific* weight of re- 
ciprocating engines increases because of falling 
propeller efficiency. This effect, coupled with re- 
duction in A f) which accompanies increase in 
flight speed, results in the weight of reciprocating 
engines becoming excessive at a flight speed of 
about 400 mph. At about this speed it is advanta- 
geous to sdiift to the lighter-weight turboprop** 
even if the efficiency of the latter is poorer. At 
about 550 mph it is advantageous to shift from the 
turboprop to the lighter blit less efficient turbojet. 

By burning additional fuel in the exhaust pipe of 
a turbojet engine (called afterburning) the thrust 
is increased and the engine weight per pound of 
thrust is decreased at the cost of an increase in 
specific fuel consumption. Turbojet-* with after- 
burners are effective at flight speeds in the vicinitv 
of :t Mach number of X Between Mach numbers of 
a* proximatelv 3 to 8, the ramjet takes over, and 
above Mach 8 the rocket engine predominates. 
( Fig. 2. ) 

For a given angle of attack, the lift of an air- 
plane wing per square foot of surface area is pro; 
portional to the product of the atmospheric den- 
sity and the square of the flight speed. As aircraft 
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Fig. 2. Approximate flight regime for various aircraft 
propulsion systems. 



Fig. 3. Noise-level criteria for aircraft *From S. hp 
pert and M. M. Miller , A method for evaluating air 
craft acoustical comfort , J. Aviation Med., 23 54-66 
Feb., 1952 > 


fl\ faster tliev can go to higher altitude*. whri<*tl:. 
atmiispherii den-itv is lower. The lake off i midi 
lion dictate- the amount of wing area irqinrryj j,,> 
an airplane. It i- therefore desirable to design s!n 
higher -peed aircraft for higher flight altitude* 
order to make the lift, when living .it the angle 
attack for maximum A IK inmpatihle with tin- n 
quired take-off lift. 

These consideration- of engine -perdu weiyh 
and required flight altitude caytahililv are rvr 
plified bv the current trend in engine- for i munii i 
rial and militarv aircraft -nmmari/rd in the i.ibb 
Engine installation. In single-engine am r.ifi. tl.« 
engine is mounted in the fu-elagr. In mull icn^in* 
aircraft two. four, or -i\ engine- are u-ualb n" 
ploved. 'riie-e engines are lontuined within '-l i care, 
lined hou.-ings r ailed nacelles and are mount'**! 
the wings. The engine installation can he incori*" 
rated directlv within the wing slnn lure or *'<' 
trended from the wing- bv stteumlined -upport* !?■ 

Trend in aircraft engine types 

Designation inpli lanrim* t > jm- 

Passenger transport 
DC-6 3o7 

DC-7C 3t6 

laickhciMl Cleetra 105 

DC-8 566 

I toeing 707 605* 

Military cargo transport 
C-130 370 

Fighter 

V 106 750 t 

F-104 1 150 1 

Bombers 

B 17 600 

H-52 650 

B-58 1 380 1 

1 Minimum cruise t Maximum 


Hfei prom ting cmiif* 
Tgrljopmp 
Tlirlrojet 
Tttrlioji’t 


i iiirei 


Plirltf’prop 

[Turbojet with lift erloirm T 
I'tirliojct wilh«ft** r f >,,rmr 


Turbojet. 

Turbojet 

TurlmjH wllh iiftc rimr^ 



a few cases, especially seaplanes, the engines are 
mounted above the wings. In some two-engine in- 
stallations Ik till engines are mounted in the fuse- 
lage 

Propulsion system noise. Propulsion system 

noise is a serious problem (Fig. 3t. In the case of 
the reciproeating piston engine, the noise mainly 
originates from the engine exhaust and from vor- 
tices shed from the propeller. In the case of the jet 
engine, the noise is generated mainlv from vortices 
formed at the boundaries of the exhaust jet where 
the air is sheared b\ the high-velocity jet. 

Radiated sound power varies with the eighth ex- 
ponential power of the exhaust- jet velocity. The in- 
tensity ol the noise Imm a given engine varies with 
distance and angular position relative to the on- 
line. F.\haust noise in the order of 12. p > decibels 
idbl is produced hv turbop k t engines (Fig. 4). \ 
noise reduction in the order of 10 dh has hern ef- 
fected on turbojet engines by discharging the ex- 
haust from a multiplicity of small nozzles ratliei 
than from :i single large nozzle and h\ mean- of 
Inhe-tvpe nozzles in combination with ejectors |l\ 
this mean- the exhaust jet is dissipated in a -bolter 
distance from the engine. This noise reduction i- 
"htained at some loss in nozzle effu icncv. The per- 
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Monnel within the airplane can he shielded from 
the noise by using soundproofing materials inside 
the fuselage. The noise of turbojet engines i*, how- 
ever. still a serious problem around airports. 

Fuels. The finds currently used for engine 4 * other 
than rockets are derived from petroleum. The spec- 
ifications for these fuels call for a suHirientlv low 
viscosity at — 76°F to insure that the fuel re- 
mains fluid and that it can be pumped to the en- 
gine at the lowest atmospheric temperatures nor- 
mallv encountered. A specification is also placed 
on the vapor pressure in order to limit the amount 
of fuel lost on hot da vs or at high altitudes. The 
trend toward higher-altitude flight has caused ad- 
justment in the specification of turbojet engine 
fuels toward lower volatilitv. 

In reciprocating engine 4 *, an important fuel re- 
quirement is its knock rating f.vcc Omani-. m m- 
Bt- r ) . A poor fuel causes sharp explosion*, in the 
engine cylinder, accompanied by a pinging noise. 
These explosions, called detonation or knork. 
cause structural deterioration of the engine rum 
ponent- such a- the pistons and cylinder walls ex- 
posed to the exploding gas t.vee Air* ram hkli. 

Some fuel additives inr reuse the knock ratings 
appreciably. Tetraethvllead is a very effcitive anti- 


10,000 



sound pressure level, decibels 

Fi 9. 4. Approximate sound-pressure levels at equal ous aircraft noise sources of equal thrust. (From C. M. 
distances along angle of maximum sound radiation as Harris , Handbook of Noise Control, McGraw-Hill, 
0 function of the wake or slipstream velocity for vari* 1957) 
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knock additive and is used extensively. Some diffi- 
culty has resulted from fouling of spark plugs by 
lead compounds formed in the combustion of the 
tetraethyllead. This problem has been countered 
by the addition of scavenging agents such as bro- 
mides to the fuel. 

Knock is not a problem in the turboprop, turbo- 
jet. and ramjet engines, so a wider cut of the pe- 
troleum output is acceptable. Carbon deposition in 
the combustion chamber is a problem in the tur- 
bine engines. Consequently, restrictions are placed 
on the proportion of constituents in the fuel that 
have high carbon-to-hydrogen ratios and very high 
boiling temperatures. 

Restrictions are also placed on impurities in the 
fuels, such as gum, sulfur, and bromine, which 
cause corrosion or clogging of the fuel system. 
Vanadium, present as an impurity in petroleum 
from some sources, burns to vanadium pentoxidc 
which deposits as a corrosive slag on turbine 
blades. Water in the fuel can freeze in cold 
weather and clog fuel systems with ice. 

Aircraft fire. The aircraft fuel, the lubricating 
oil. and some hydraulic fluids are combustible. If 
they should leak from their systems, they are fire 
hazards. Inerting systems, which can spray chemi- 
cals such as carbon dioxide into engine nacelles 
for smothering fires, are installed on military and 
airline aircraft. Considerable progress has been 
made in research on suppression of crash fires. Ef- 
forts are in progress to reduce the required equip- 
ment to practice. Fatalities can be avoided in many 
crashes if no fire results. 

Thrust reversal. To stop an aircraft after it lands 
on a slippery runway where wheel brake* are in- 
effective. thrust is reversed on propeller-driven air- 
craft by changing the pitch of the blades to blow 
the air forward (see Propf.i.I.KR, air). In turbojet 



Fig. 5. Principle of torgot-typo reverters inttolled on 
turbojet engine. 


aircraft, thrust reversal is obtained by devices that 
can turn the exhaust jet to discharge in a forward 
direction (Fig. 5). Commercial aircraft like, the 
Douglas DC-8 are equipped with turbojets having 
thrust reversal devices. A retarding thrust equul to 
about 40% of the normal engine thrust is current l> 
obtained hy these devices. Although higher revets 
thrusts have been obtained on experimental tlmist 
reversers, 40 ‘1 is currently considered adequate 
for stopping aircraft within the confines of r X is| 
ing airfields. See Propulsion. 

Bibliography: H. C. Barnett. Antiknock Evalua- 
tion of Hydrocarbons and Ethers as Aviation Furl 
Components , Natl. Advisory Comm. Aeronaut. Ft VI 
E50H02. 19S0; H. C. Barnett and R. R. Hibbard. 
Properties of Aircraft Fuels , Natl. Advi*nr\ 
Coinm. Aeronaut.. Tech. Note No. 5276, 1956 ; 
I.. Bridgeman (ed. ». Jane's ill the World's .lit 
craft . 1958 1959; W. 1). Coles. J. A. Michalom 
and E. E. Callaghan. Tut bn jet Engine Moise Kr 
duct ion with Mixing Muzzle- Ejector Combinations . 
Natl. Advisory Comm. Aeronaut., Tech. Note 1517 
1958; C. M. Harris. Handbook of Moise Control , 
1957: C. D. Perkins and R. E. Hage. i ir plane Pn 
for mane e . Stability and Control . 1919; B. PinkH 
(ed.). Performance and Bunges of ippheatinns .•/ 
Various Txpes of Aircraft Propulsion Systems, 
Natl. Advisory Corrmi. Aeronaut.. Tech. Note 151‘) 
1947; I. I. Pinkel. C. M. Preston, and C. J. IV* 
man. Mechanism of Start and Da rlopment of h/ 
craft Crash Fires I Reciprocating Engines ). Natl 
Advisory Comm. Aeronaut.. Kept. 1155. 1951: I. I 
Pinkel. S. Weiss. C. M. Preston, and (i. I. Penman. 
Origin and Pretention of (.rash Fires in Tar boot 
Aircraft , Natl. Advisory Comm. Aeronaut.. Tei li 
Note 3975. 1957. 

Aircraft testing 

The Mihjpeting of an aircraft, or its component*, to 
simulated or actual flight conditions while mea-Mii 
ing and recording pertinent physical phenmnnu 
which are to he analyzed to ascertain the operating 
characteristics of the aircraft or component, 'lut- 
ing is an essential part of design, development, and 
acceptance of any new aircraft. Testing lechnir|»i* s 
are probably applied more extensively to the devel- 
opment of aircraft than to any other manufactured 
product. 

Scope Of tests. The testing of aircraft and air 
craft parts i« required to develop maximum 
si rength-to- weight ratio and, ; hence, maximum 
flight performance; to check design theories and 
assumptions; to obtain empirical data in regime* 
where adequate theories are nonexistent; to dem- 
onstrate flight safely and performance within the 
specified flight envelope and compliance with re- 
quirements; and to improve the reliability of struc- 
tural and operating components. 

Aircreft testing encompasses static and dynanm 
structural testing, environmental testing. fl |J,,er 
and vibration measurement, materials testing, 
static and dynamic stability and control, system^ 
operation (such as automatic controls, y* w damp 



t .r«, weujKjns systems, and air conditioning sys- 
tems) , aeroelasticity, performance, wind-tunnel 
testing, and accuracy and reliability testing. Each 
type of test provides u definite contribution to the 
development of an airworthy and efficient flight 

vehicle. 

Aircraft model testing. Aircraft model testing 
provides a means for rapidly evaluating new design 
theories and configurations at modest costs, ft in- 
volves the use of scaled models of the proposed air- 
, raft instrumented to sense parameters appropriate 
to particular tests. These models are subjected to 
flow conditions while the desired parameters are 
measured and recorded for analysis. 

Ifirnit un nel tests. Many model-testing tech- 
niques are used. The wind-tunnel method is valu- 
able and widely used. Wind tunnels are employed 
to determine airfoil and aircraft lift and drag char- 
acteristics with variations in configuration, stability 
and control parameters, airload distribution, shock- 
wave interactions, stall characteristics, flow sepa- 
ration patterns, control-surface characteristics, and 
aeroelastic effects. Wind tunnels are a No used to 
(u)ihrale air-flow-sensing devices, such as flow- a n- 
Jr detectors and flow* pressure-sending devices, to 
determine engine inlet performance, and for engine 
development tests. 

There are numerous types of wind tunnels in- 
< lading two-dimensional, three-dimensional, con- 
-vant density, subsonic, transonic, supersonic, liy- 
jirrsoii jc, tiisonic. blow down, circulating, open test 
-e,tion. urn! vertical free flight. Each has ji« partic- 
•il.ii use in the development of a new aircraft. See 
Wim) n n \ hr.. 

Dining preliminary design of a new aircraft, var- 
i«Mi^ aircraft configurations are evolved us a result 
‘•i generalized aircraft parameter studies. Scale 
models of the proposed configuration are made, and 
dmrt wind-tunnel tc-t- are conducted to determine 
ihf extent to which the proposed aerodynamic 
-ii.tpc produces the desired performanc e ( Fig. 1 i. 
Hu* results «f many tests of various configurations 
■ire >tudicd und the most satisfactory aerodynamic 
envelope is selected for the design. 


%, 

i 





^9- 1. Scola modal of F50 intfollad on o tfring mount 
w ' n ^ *unnal. (National Aoronoutks and Spa ca 
^ministration) 
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After the general configuration has been estab- 
lished, a more detailed design is computed, and a 
more complete series of wind-tunnel teats is initi- 
ated. Airplane lift and drag curves throughout the 
design speed and Mach number range are deter- 
mined. Airplane static stability forces and moments 
are measured for the range of variations in flight 
conditions expected to be encountered in flight. 
Wing air loud distributions are found by measur- 
ing the static air pressure on the upper and lower 
wing surfaces, fuselage, and tail surfaces, at vari- 
ous chordwi.se and spanwise stations. Tests are per- 
formed at low speed and high angles of attack to 
evaluate patterns of flow separation, especially as 
related to stall. If the aircraft is expected to op- 
erate at transonic speeds (near the speed of sound ) 
or supersonic speeds (greater than the speed of 
sound), Srhlieren photographs of the shock pat- 
terns may he taken for study as to configuration 
c hanges that may be made to reduce shock inter- 
action. high-speed flow separation, drag, and buf- 
fet (Fig. 2). Special free-flight vertical wind tun- 
nels are used to evaluate the aircraft’s dynamic 
spin characteristics. Flexible models, designed to 
approximate the structural flexibility of the actual 
aircraft, are dynamically tested in wind tunnels to 
evaluate aeroelasticity characteristics of the air- 
craft. 

Model flight tests . Other model-testing tech- 
niepjes may be used. In one method a scale model. 
u«ual] v an aircraft component such as a half-wing, 
is instrumented and mounted on a full-scale air- 
craft wing. The aircraft N then flown at the desired 
speed and altitude and data are recorded on con- 
ventional aircraft test recorders. This method is not 
very satisfactory because of the difficulty of deter- 
mining true flow .onditions in the vicinity of the 
model independent of the aircraft’s flow field. 

Another method uses a jettisonable rocket to pro- 
pel a scale model to high speed. The model is 
equipped with a minimum of instrumentation and 
a miniaturized telemetry transmitter. This method 
is expensive because the model and instrumenta- 
tion are destroyed each flight. Relatively poor re- 
sult* are obtained because of the short duration 
and transient nature of the flight and the difficulty 
of defining the atmospheric conditions as a function 
of time during the flight. 

The development of th** high-speed wind tunnel 
has obviated the need for these last two techniques. 

Full-scale testing. Full-scale testing of complete 
aircraft in a fluid flow is limited to small aircraft 
and tests at low speeds in wind tunnels, and to 
full-scale flight testing. However, full-scale compo- 
nent parts, such as control lifting surfaces, may he 
tested in wind tunnels and on high-speed sled 
tracks to determine characteristics such as control 
surface effectiveness and aeroelasticity. Special 
tunnels are available for testing operating full- 
scale turbojet engines at simulated high speeds and 
altitudes. 

Dynamic ground tests. Rocket-sled tests are ex- 
tensively tised for canopy and pilot seat ejection 
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Fig. 2. Sch Keren photographs of shock patterns on a 
model in o wind tunnel. Shock waves (vertical lines) 
(a) form at transonic speed (M - 0.96), fb ) break 

teats fur high-speed aircraft (.sec RofKKT-su:i> 
testing ). An actual fuselage section containing 
crew compartment, canopy, and ejection equipment 
to be tested is mounter.! on a sled propelled by 
rockets along fixed tracks. The rockets are fired, 
and when the desired speed is attained ihe ejection 
mechanism is automatically triggered, firing off the 
canopy and ejecting the crew seats in which in- 
strumented dummies are strapped. This sequence 
of events is photographed by movie cameras in- 
stalled beside the track. From studies of the filmed 
trajectories, engineers determine whether the can- 
opy clears the crew and aircraft parts satisfacto- 
rily. the accelerations and forces which would he 
experienced by the crew during ejection, the seat 
stability in trajectory, and the operational charac- 


awoy of M * 1.00 and ( c, d) become increasingly 
acute ai Mach number increases further. (National 
Aeronautics and Space Administration ) 

teristics of automatic release devices. The u*e «l 
rocket sleds is more suitable for thjse test** than 
actual flight tests, in that the tests may he con- 
ducted under more accurately copt rolled condition* 
with excellent camera coverage and without en- 
dangering human life. 

Rocket-sled tests have also proved useful l«»t 
high-speed flutter and vihratimi tests of aircraft 
vertical and horizontal tail surfaces which, again, 
can be tested to destruction without endangering 
human life. Although rocket-slc4 testing i* c\p»'n 
sive. it is ; deal for the previously described tc^ ,n 
that full-scale components can be tested at 
air speeds and Mach numbers (although in gr<»u ,M 
effect i in free air with ample data-gathering fa* 1 1 
ties and relatively reproducible test condition**- 





Static loading texts. Another type of full-scale 
taring involves proof load testing of an actual air- 
craft. This static testing is conducted on one of the 
first built airframes. The airplane is installed in a 
laboratory jig and instrumented with thousands of 
strain gages, the outputs of which are fed to an au- 
tomatic data-recording system. Simulated air and 
inertia loads are applied to component parts of the 
structure using whiffletree arrangements loaded by 
hydraulic jacks (Fig. 3). The respective compo- 
nents are loaded simultaneously, according to a 
loading schedule, in specified increments. Struc- 
tural stress and deflection data are recorded at each 
load level. Initially the structure is loaded up to 
of design limit and the data are examined for 
excessive strain or evidence of points of structural 
weakness. If flight air load data are available from 
aircraft flight tests, these loads are repeated in the 
laboratory. If the structure satisfuctorilv sustains 
these loads, loadings are increased to tin* design 
limit and to ultimate failure so as to locate pos. 
sible points of excessive yield. As a result of these 
critical part** mav be redesigned to withstand 
the required design load'*. Structural static tests 
are an important part of the development of an\ 
new aircraft. 



f, 9 3. Wing of Douglax C-133 undergoing static 
structural test. 


Flight testing. Flight testing i* a specialized 
form of testing by which a new aircraft i * finally 
Hoped and proved. Flight testing mav he cate- 
as "esrarch. development, and specification 
a,!f i demonstration, including equipment and sys- 
as well as the aircraft itself, 
search flight testing is conducted to evaluate 
H design theories, extending the designer's 
n«»w ledge, by means of the empirical data, into 
(, h regi tnrs where adequate theories may not have 
>ecn formulated; it may also serve to evaluate 
l ,rn uetns which are not amenable, because of their 
,mi Plexity. to Analytical treatment. Often special 
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Fig. 4. Typical experimental aircraft built for flight 
testing. In foreground X-3; in background, left to 
right, D558 Phase I Sky streak, X-F4D-1, and D588 
Phase II Skyrocket. (Douglas Aircraft Co.) 

aircraft are built for research flight testing pro- 
grams. The aircraft shown in Fig. 4 were used to 
obtain empirical data on stability and control, lift 
and drag, flutter and vibration, and performance at 
transonic and supersonic speeds at high altitude. 
The results of the-*e tests provided a large amount 
of data useful for the design of supersonic aircraft. 

h light-test program. The first for first several l 
completed aircraft of a new design is assigned for 
intensive flight tests, finally a separate aircraft i* 
a-signed for each specialized phase of testing, such 
as ^(ability and control, engine tests, performance, 
air loads, flutter and vibration, weapon systems, 
and elect! ical and ail -conditioning equipment. Test 
instrumentation appropriate to each test is in- 
stalled as the aircraft is assembled. Various tests 
aie then conducted simultaneously, using all the 
test aircraft to expedite the testing. Any design 
changes which te*.fs mav indicate to he required 
are made on produ< *‘on aircraft. 

Ifat rtupmvnt test int. The initial phase of flight 
testing a new aircraft is termed development test- 
ing. During this phase an aircraft is debugged. 
The lest*, normally start with ground runs during 
which the pilot feels out the aircraft to evaluate 
its control characteristics and adequacy and to de- 
termine if it possesses any major deficiencies with 
respect to safety of flight before the first flight. 
Ground runs are followed by the first flights, which 
arc flown primarily for pilot familiarization and 
doling which the aircraft is maneuvered well within 
its design flight envelope. The detailed test pro- 
gram .»re then begun to assess static and dynamic 
stability and control. As deficiencies, or poor char- 
acteristics. are ascertained, the designers develop 
fixes which in turn must he evaluated, hence the 
term development tests. 

After the tests demonstrate that a controllable 
vehicle has been developed, the aircraft is proven 
structurally. By means of structural tests, the air- 
craft is proved operable and satisfactory within the 
design limit load envelope. These tests are con- 
ducted in a build up manner in which the load fac- 
tor and speed are increased in increments only 
after the previous tests have indicated no excessive 
or unexpected strains or loads. 



1 92 Aircraft ttiflng 

Development flight testing for aeroelastic stabil- 
ity encompasses both quasi-steady (divergence and 
control surface reversal) and dynamic (flutter and 
vibration) considerations. Data to evaluate these 
phenomena are obtained at incremental airspeeds 
and Mach numbers during the Mach build-up to the 
airplane design speeds. 

Quasi-steady aeroelastic effects are usually asso- 
ciated with a deterioration in maneuverability 
(pitch, roll, or yaw) with speed and may be evalu- 
ated in conjunction with tests of control-surface ef- 
fectiveness. 

The dynamic aeroelastic effect commonly termed 
flutter is a self-excited response involving the iner- 
tia, rigidity, and aerodynamic forces of the air- 
plane structural components. Aerodynamic forces 
associated with flutter are generated only by mo- 
tion of the system, and stability can therefore be 
determined from the delay of motion excited 
(structural or control surface) by pilot- induced 
control-surface displacements, impulses from ex- 
plosive charges and weight ejections, and from si- 
nusoidal forces generated by rotating weights or 
auxiliary airfoils. Structural motions are sensed by 
strain gages, accelerometers, or velocity pickups. 
Data obtained at incremental flight conditions can 
be plotted to allow extrapolation of trends and the 
planning of subsequent flights. 

Environmental vibration for fatigue life studies 
may be monitored from the flutter instrumentation: 
however, the frequencies of interest in environmen- 
tal vibration are usually higher than the dynamic 
aeroelastic motions. Lighter- weight cr>stal accel- 
erometers and strain gages have proved useful for 
studies of aerodynamic, acoustical, and mechani- 
cally excited structural vibration. Recorded data . 
are usually harmonically analyzed to provide fre- 
quency spectra for laboratory duplication of the in- 
flight vibration or to determine structural modifica- 
tions that will enhance fatigue life. 

Air load data may be obtained during, or sepa- 
rately from, structural tests. As the aircraft is 
loaded in flight, strain-gage measurements and lo- 
cal static pressures about the aircraft are recorded. 
From these data actual component load distribu- 
tions are determined that enable the designer to de- 
termine the adequacy of his theoretical methods of 
load calculation, the location of critical loads with 
respect to load hearing structure, and whether re- 
design of some parts may be necessary. Air load 
data are obtained in steady-state flight and maneu- 
vers for some critical dynamic conditions. Air load 
tests require extensive instrumentation with hun- 
dreds of strain gages and pressure-measuring de- 
vices. It vs not unusual to record continuously 600 
different measurements during these tests. 

Performance testing. Once the design is fixed, 
the aircraft is further tested for landing and take- 
off characteristics, determination of the aircraft 
drag polar over the design ranges of speed and al- 
titude, rale of climb, and speed for maximum rate 
of climb, time to climb, maximum level flight 
speed, limit speeds, and level flight performance. 


These tests are conducted for a number of pur- 
poses. They provide empirical data with which the 
designer may evaluate his design theories and. j fl 
some instances, extrapolate to more advanced 
designs. The tests evaluate the installed engine 
performance; they also provide performance duty 
for the pilot's operating manual and verify that the 
customer’s specification requirements and gtiaran 
tees have been satisfied. 

Performance testing imposes the greatest in.stru- 
mentation accuracy requirements; in some cakes 
sensing devices are required that must he accurate 
to 1 part in 10,000 under severe environmental coii 
ditions. Such accuracy is obtained hv the selection 
of quality instruments, careful laboratory calihry 
tion, automatic calibration in flight, and hv u*e of 
highly developed data-recording systems. Further- 
more, the individual engines must he calibrated f,, r 
thrust, and the pressure sources on the aircraft 
from which test ambient atmospheric condit ion- 
are determined. miM he calibrated. 

Data reduction . The reduction of per formalin 
measurements is tedious and lengthy. The record'd 
information must first be corrected and conveitnl 
to meaningful information in engineering unit-, \\ 
must then be corrected for such errors a- thn*. 
caused by lag in transmission of pressures from tin 
pressure sources to the measuring devices, prelim 
defects from free stream conditions, temperatwic 
probe recovery factor, and instrument error. In ,ui 
dition to receiving these basic* corrections, the drftj 
must be adjusted to standard dav condition- 
(standard ambient atmosphere conditions ranis 
exist during a test ) and an aircraft standard weighi 
(a reference aircraft gross weight which must ,tl 
ways he indicated when defining aircraft perfoun 
ance). The results must then he tabulated n 
{dotted in necessary aircraft, engine, and ainbien 
condition parameter*. The general-purpose digita 
computer is useful for processing these data. 

Most aircraft use specialized systems such as an 
tomatic pilots, yaw and pitch dampers, uutornatn 
flight data and navigating systems, and specialize 
weapon* systems such a* automatic fire control. It 
most of these systems, aircraft response closes tin 
servomechanism loop; that is. the airplane is fu» 
daniental in the sv stems. Such systems, as well a 
the airplane, must be proved in flight and shosn l« 
be »afe, reliable, and accurate for their intends 
use. An increasing amount of flight test time is lx* 
ing used for the evaluation of these systems and 
just as the aircraft must he debugged and dev* I 
oped, so must most automatic fystems. Flight test 
ing is vital to the development $f better, safer, am 
more reliable aircraft. ’ 

Aircraft-testing instrumentation. An fonportan 
aspect of aircraft testing involtes instrumental ^ 1 
whereby the physical phenomena are sensed am 
the data recorded during tests. The design of niin 
iaturized sensing devices and automatic datfl- s * n j 
pling and recording systems has become a specia 
ized field as a result of the stringent requirement 
for aircraft flight testing. 
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and accelerations of varioua parts of the aircraft. 

Most electrical transducers employ the princi- 
ples of the Wheatstone bridge, where the sensing 
element is in one or more legs of the bridge (Fig. 
5). In the case of strain gages, for example, the 
sensing elements are strained through mechanical 
means, resulting in an unbalancing of the bridge. 
The current or voltage output from the bridge is 
proportional to the mechanical input. Transducers 
are calibrated by loading them with known mechan- 
ical means and recording the resulting current or 
voltage output from the bridge. The result of the 
calibration is the instrument’s sensitivity in load 
engineering units versus current or voltage output. 

The output of a bridge also varies with supply 
voltage. Drift of the supply voltage must be elimi- 
nated. by using stable power supplies or by fre- 
quently calibrating the instrument while it is in 
operation. In-flight calibration is usually accom- 
plished hv adding <i fixed resistor in parallel with 
one leg of the bridge to provide a known change in 
bridge resistance. The physical phenomenon equiv- 
alent to the electrical calibration output is meas- 
ured during the ground calibration. As the power 
supply voltage drifts in flight, the output at the 
shunted bridge changes proportionately. From this 
indication the ground calibration sensitivity can 
be corrected by multiplying it by the ratio of 
ground calibration output to in-flight calibration 
output to obtain the correct sensitivity. 

There are two types of transducer electrical out- 
puts. analog and digital. An analog output consists 
of one signal which is continuous in time and am- 
plitude. A digital output consists of a sequence of 
discrete outputs with finite differences in ampli- 
tude. 



Fi 9- Miniaturized transducer* used in flight testing jet transports such as Douglas DC-fl. 



Fig. 5. Bridge-type transducer circuit for use with 
strain gage. 

Tnmstlurrrs. A device which responds to a phvsi- 
, phenomenon and lias an output of a nature dif- 
ferent from the input is called a transducer. Most 
transducers used in aircraft testing develop an elec- 
irn.il mrreiit or voltage output or change their 
eleitrical impedance proportional to the physical 
annulus acting on the sensor. The more common 
i\pes of electrical transducers are potentiometers. 
,h-i eleromcfcrs. attitude gvros, rate gvn»s. svnehro- 
tek thermocouples, and strain gages. In general, 
these instruments ate electromechanical desires 
with high response rates. f n conjunction with a re- 
.ording system, they aie used to measure and re- 
mrd snrli physical quantities as airspeed, altitude, 
iiintrol positions, engine pressures, surface airflow 
pressure*, engine skin temperatures, free air tem- 
peratures. angular rates about the aircraft axes. 
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Because of the severe weight and space restric- 
tions in aircraft, transducers used in flight testing 
have been miniaturized 1 Fig. 6 ) . 

Data recorders. To preserve the output indicu- 
tions of transducers for analysis, they must be re- 
corded as a function of time. The common types of 
data sampling and recording systems are photo- 
graphic recorders, recording oscillographs, analog 



Fig. 7 Typical oircraft test instrument installation. 


magnetic tape recording systems, and digital mag. 
netie tupe recording systems. 

In photographic recorders test instrumentation 
panels are installed in the aireraft, upon which ate 
mounted dial-type indicating instruments. These in- 
struments are connected to the sensing devices b\ 
electrical cables or tubing. The entire panel j„ 
lighted and photographed in flight using a motion 
picture camera (Fig. 7). A time indicator is used 
for correlation and response purposes. After the 
film is developed, the frames are individually pro- 
jected. The engineer records the indications of (he 
instruments for analysis of the test. Photographs 
recorders are suitable when the frequency of the 
phenomenon and the quantities being measured an* 
quasjsteadx state. 

Mill (it hanne! oscillographs. The recording o*ci| 
lograph is an automatic device using miniature g.d- 
variometers. \ light beam is reflected from a small 
mirror, altai lied to the galvanometer, through a slit 
to photosensitive paper or film. \s the* gulvanorne 
ter rotates in response to the current input from 
the sensing device, the light beam i* deflected 
across the photosensitive paper, which is simulla 
neouslv transported pu*l the exposme ^1 it at a fixed 
rate. The processed record thus contain* a hair 
(line), the deflection of which ( fimn a hv<] 
ence trace i is proportional to the phvsiial stinmlu- 
and which is a function of time 'Timing line* ,m 
nmmallv recorded at *|>e« ih« interval* a* well j* (l 
correlation i ounter reading i Fig. t» • 





Fig. 8. Typicol flight tasting oscillograph record ob- 
tained using a 36-chonnel oscillograph. (Doughs Air- 
craft Company, tne.) 



Fig 9. Six recording oscillographs of the type pro- 
ducing records such as Fig. 8 installed in an aircraft 
for flight testing. 


O^ illojirapli* haw* rapacities for recording 1 5l) 
different signal-. N" main a- nine re« ording il- 
l.^raphs ma\ In* installed in one large !•--! air« i aft 
.Fin •>!. 

Mnanrtir ////*<* motdrrs. Xnatog magnetic tape 
in ording '-tt-ui- aw wi«Mv nwd i.» rmml test 
,i !| a Tape recorder* aw u*ed both on the ground 
vul in tin* test air* raft. When a f*r ••uni! bawd s\* 
i f in b used. the data are telemetered via one m 
i,i, ,i i> ia(iiM-iinpit*m'\ channel- to the ground vsIkmt 
.j„v ;iri- recorded fur future plavbuck. When an 
,ii|„irnr* re* mder i- u-«*d. tin- data signal* :ii<- wind 
.tirri 1 1\ intu the recorder and th»* tap** record i- 
i-lncd back on tip' ^nniixl after tin* .tin rail ha* 

, •»in|ilf , l«Ml it' INv Manx time* both an airborne 
• m \ a ground tapr- recorder ai«* u*ed simultane- 
idv t«* «iH**vs for limited anal\-i*of tin* data while 
!',** a i r •* r«.t 1 1 i- in flight and to provide a mean* nt 
m- nij» the data should the test whi* I** In* h»-t. Data 
..?»■ m unit'd in un** of three principal form*: di- 
r-i analog information. puhe width-modulated 
data, .ind frequency -modulated data. Kach method 
rrrording data offer* advantages over the other 
and manv times all three techniques are ti*ed -i- 
ni'iltaneoiirtlx to provide fur th*‘ various inslru- 
rneiitati«m requirement*. A single tape retordei 
1 in dmultaneously record the «»tit put signals from 
' H, ‘ttil data systems through the u*e of a multiple 
re.-ordinji head; separate tape track* are provided 
inr f*arh input. Most instrumentation tape record* 
* rv ran be obtained with up to 14 recording chan* 
m ’l\ und some with up to 28 recording channels. 
Tta direr! recording system records the varving 
J,I M>litude Iiput signal in the? same form a* it i- 
unrated by the transducer. Ill this ea«r the re- 
' ordmjc amplifier provider only the voltage and cur* 
Pnl gain required to produce proper recording 


h#*ad 


nnrrents. Frequency response limit* this 


10 signals above 200 cps and below 100,* 

**' rpg. 

■'notlier limitation of this type of recording i* 

i»,! * ’*°i )arate *«P<* track in required for each in- 
] lX H <gnal. 
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The pulse-width modulation recording system re- 
quire* that the in put signal he sampled at fixed in- 
tervals and the sampled amplitude converted to a 
finite pulse-width signal before recording is ac- 
complished. The recorded data then have time in- 
tervals between pulses and are not a* vulnerable to 
noise as would be the direc t-amplitude recorded 
signal. Another advantage of this system i* the 
large number of input signal* that can be recorded 
on one track of tape. Bv using a commutator, either 
mechanical or electronic, many different data input 
signals can he time multiplexed. Standard c hannel 
capacities are 30. 45. and 90. In standard systems 
the sampling rate is 900 data words per second; 
therefore, the commutation rate for a 90-channel 
*\*tem jv K) frames per second, for a 45-channel 
'V stern 20 frame* per second, and for a 30-channel 
'V stem 30 frames per second. Because of the sam- 
pling techniques and because a puNe of finite 
width i- produced for zero input signal, thi* s\s!em 
i- capable of frequenev response down to direct 
current. The upper-frequency response is limited 
bv the number of samples per second obtained from 
ea« li < hannel. (iencrallv this type of record is not 
iiwd for data above 2 or 3 rps. 

Frequenev -modulated recording involves conver- 
sion of the input amplitude signals to frequency 
analog signal*. Conversion i* accomplished bv an 
oscillator eapahle of being shifted in frequenev bv 
an external impetus. Zero input signal causes the 
oscillator to assume a center frequenev; plu* and 
minus full-scale inputs produce frequencies above 
and below the center frequency. This technique 
thus records on tape a frequenev-varv ing signal 
that is proportional to the amplitude-varying input 


analog tromducer* 
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Fig. 10. Simplified functional diagram of magnetic 
tap* digital lampling ond recording jytlem far flight 
data. 
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signal. Direct-current response is achieved, and 
upper-frequency limits of 2000 cps can be obtained. 
As many as 12 separate signals can be mixed and 
recorded on one track of tape by using oscillators 
with different center frequencies. These mixed 
channels can then be separated by filters during 
playback. Because the signals are in the form of a 
frequency analog, this system is not subject to er- 
rors caused by amplitude variations. However, it 
requires exceptionally good speed regulation on 
the record and playback tape transport units. An 
adaptation to this system (called pulse amplitude 
modulation ) can be obtained by commutating many 
input channels into one frequency-modulated oscil- 
lator. This multiplexing provides more input chan 
nels but at a sacrifice in frequency response of 
each channel. 

Digital sampler and recorder- A more recent de 
velopment in data acquisition and recording is the 


magnetic tape digital sampling and recording *y s . 
tem (Fig. 10). 

The purpose of the low-level signal amplifier* j s 
to multiply each transducer output voltage, which 
is in the order of millivolts, for input to the analog, 
to-digital converter. Balancing and normalizing 
units are provided as a means for adjusting the 
transducer to provide a zero electrical output for 
zero physical stimulus and to attenuate the signal 
to the maximum acceptable for input to the am- 
plifier. Standardizing units enable the recording 
system and the transducer power supply to he cali- 
brated for zero and sensitivity in flight. The multi, 
plexer consists of electronic switches which gale 
the transducer outputs in time sequence to the 
analog-to-digital converter. The analog-hwligitul 
converter, which is an accurate voltage comparator, 
converts the transducer analog signal to a hiviai\ 
digital number, which is recorded on a niagmij, 



(b) 


Fig. 11. Digital data system, (a) Miniaturized air- 
borne unit, (b) Field trailer station, (e) Data reduction 
computer. {Consolidated Electrodynamics Corp.) 
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Fig. 12. Operator uses semiautomatic reader to tran- 
scribe oscillograms into digitized data on punched 
cords. (Benson-Lehner Corp.) 


tape as a binary number made up of a number of 
discrete binary bits. The program control unit is 
ihe i lau'k which time— equence* and coordinate*, 
all of the svMein functions. Sumpling and digitiz- 
ing i ate*, of 55.000 data values per wcond and tape 
nvoiding densities of 12(H) data values per inch 
haw hcen obtained with digital system*.. Digital 
.lata 1 1 1 a \ be telemetered n> pulse code modulation 
and recorded oil the ground without los* of ami- 
u< \ 

Digital *v*lrni* are generalK characterized h\ a 
high degree *»f resolution and accuracy Because 
the data are digitized as *oon a*. the\ are *cn*ed. 
data < orilamination i* held to a minimum and once 
ovorded in digital form no emu* are produced in 
m ou*iv of the information. Digital systems gen- 
•■r.illy po**ess a high degree of fle\ibilit\ w ith chan- 
nel rapacities of ID 10.000 channel*. Thc> nor- 
ntiillv have a frecpiency response up to 1(H) c p**. 
Digital *v stems lui\e a considerable advantage in 
that the data are alrradv in a fen in whi< h i* direct! v 
-Mitalde. or which is easily transcribed, for entr\ 
into digital computers for automatic data process- 
ing. In fact, digital system* are normal 1 v designed 
with data editing and transcribing facilities a* part 
“f an integrated over-all data acquisition and proo- 
fing system « Fig. 11). 

Aircraft test data processing. Mo*t final test 
data are processed and analyzed in general-purpose 
digital computers. A major part of any test is the 
preparation of the data for entry into the computer, 
^hen a photographic' recorder i* used, this prepa- 
ration consists 0 f reading and tabulating the in- 
urnment indic ations. These readings mav then be 
into a computer input, punched into mm- 
pntcr input cards, or punched into paper tape, dc- 
landing on the particular computer. 

^miautoinatic means may he used to transcribe 
•r* a from an oscillogram. These devices normally 
°f an analog 

' JHhul c onverter* and a card or paper ta|>e punch 
•H- 12). The operator establishes a zero refer- 
rw ' or ^ an d then moves the cross hairs. 
)( 1 are connected to potentiometers. to intersect 


reading device, an analog-to- 


the recorded trace at the desired point. The elec- 
trical outputs of the potentiometers, which are pro- 
portional to the displacement of the cross hairs, are 
fed to the analog-to-digita! converter and the cor- 
responding digital value is automatically punched 
into computer cards or paper tape. An average op- 
erator can prepare 400-600 data values per hour 
for entry to a computer using this equipment as 
compared to 80 120 data values per hour read from 
a photographic recorder and manually punched 
into computer cards. 

The major advantages of the all-automatic mag- 
netic tape recording systems are the rates at which 
the desired data can he selected and written on 
computer magnetic tape for direct entry into the 
computer. In these systems it usually requires no 
more time to transcribe thousands of data values 
from a given test time interval than it does a few. 
I ypical transcription rates are in the order of 5000 
data values per second. Thus these systems consid- 
erably reduce the cost of data reduction and proc- 
essing. .See Fl.KiltT CHARACTERISTICS. [ D.W.D. J 

Air-cushion vehicle 

A vehicle that rides on an air cushion created by a 
lifting propeller or ducted fan. An air-cushion ve- 
hicle ri*e* a few inc hes to a few 1 feet above the sur- 
face over which it travels. The surface may he rela- 
tively smooth *olid land. mud. mar*h. or water. 
\ arious]\ described as an air car. sky car, or aerial 
jeep or platform, the principal feature of the vehi- 
cle i* its ability to hover in the air. as illustrated. 



Hovercraft built by Saunders-Roe for British National 
Research and Development Council. (Aviation Week) 


Three principal modes of operation are em- 
ployed. One form of the vehicle is similiar to a hel- 
icoprr designed for operation within the region of 
ground effect ( see Helicopter i . Forward thrust 
may hr controlled hv rotor feathering or bv vanes 
in the exit stream. Another form creates high air 
pressure beneath its structure for sustentation, the 
air stream being directed inward around the pe- 
riphery to create an air-momentum curtain to re- 
duce the escape of the supporting air rushion from 
l>eneath the vehicle. A third mode of operation uses 
an apron around the lower portion of the vehicle to 
form a plenum chamber fed at low pressure by a 
fan. Because all types are operated close enough to 
the ground for appreciable air compression, they 
are also termed ground-effect vehicles. [f.h.r.] 
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Air-entraining Portland cement 

Portland cement containing a substance that en- 
trains many minute air bubbles in concrete made 
with such cement. Before hardening, the concrete 
has greater plasticity and is more homogeneous 
than ordinary concrete mix because the air bubbles 
delay the settling of the larger particles. When it is 
set the concrete offers considerable resistance to 
freezing, thawing, and the deteriorating effects of 
salts used to melt snow and ice. However, the con- 
crete is likely to have somewhat lower strength 
than ordinary concrete. See OIoncrk tk. 

The first air-entrained Portland cement was pro- 
duced in the United States in about 1^38. and the 
American Society for Testing Materials i ASTM I 
adopted a specification for such cement in 1042. 

The production of air-entraining port land ce- 
ment is similar to that of port land cement, except 
that an air-entraining addition is intergrmmd with 
the clinker in the final grinding operation. The 
quantity of air-entraining addition is usuallv 0.01 
0.02^ by weight of the cement. The quantitv of ad- 
dition used for a particular cement is determined 
as the quantity required to produce an air content 
of in a standard mortar as described in the 

ASTM method for testing air content of hvdraulic 
cement mortar. 

A large number of materials can he used as air- 
entraining additions. ASTM specifies the following 
types of materials: il) natural wood resins, such 
as rosin: (2) animal or vegetable fat« and oils, 
such a> tallow and fish oil. and their fatty acid-, 
such a*- stearic and oleic acid: 1 3) various wetting 
agents, such as alkali salts of sulfated and -ulh»- 
nated organic compound-: (4) water-soluble -oaps 
of resin acids and animal and \egetahle fattv acids; 
(51 miscellaneous materials, such a- -odium -alt- 
of petroleum sulfonic acids, hvdrogen peroxide, 
and aluminum powder. 

Air-entrained concrete also can be made b\ add- 
ing these same materials directly at the mixer. Srr 
PoKTISNIl IJKMKN F. ( W.l F. ] 



Fig. 1. Vortex configuration corresponding to flow 
about wing. 


of flight is called the drag. Stated in these terms, an 
immediate objective of the wing designer is to oh- 
tain a large lift-drag ratio. To obtain this char- 
acteristic as well as to fulfill manv other design 
lequiremeiits it is nece— a r\ to understand in 
detail the nature of the flow about wings and the 
relation between the wing geometry and its aero- 
d> nainic characteristics. 

Wing theory. A fundamental advance in the un- 
derstanding of the How about wings was made in 
the development of the l.anchester-Pramltl v\ing 
theory. In this theory the assumption wa- made 
that, for the purposes of finding the effe» i of tin 
wing on the flow at points somewhat removed hum 
the wing, the wing could he replaced hv a line v.»r 
tex with the stiriigth of the vortex at each point 
thereon proportional to the lilt at the correspond 
ing spanwise po-ilion of the wing. It was fmthci 
more po-tulaled in act ordain e with the re-ult- of 
das-ieal perfei (-fluid theorv that a vortex < onld 
neither begin nor end in the fluid. (!on-equenil\. 
the line vortex of variable -Irengtli wa- - v lit lir-iml 
from a continuous di-triluitiou of hor-e-hoe-diaped 
vortiees of constant strength. The leg- of the hoise- 
shoe were a— timed fo extend infuuTelv far down 
stream < Fig. It. The diiection of flow at an\ point 
in the field i- found hv adding veetoriallv to t hr- 
free-stream veloeilv the integrated effei t of all the 
vortices. Thi- idea can he stated mathematical!’ «i- 
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Airfoil 

A device that produce* a useful reaction from 
motion through a fluid. This reaction usually has a 
large component in a direction perpendicular to 
the direction of the relative velocity of fluid and air- 
foil. In this sense airplane wings and tail surfaces 
are typical examples of airfoils. The term, how- 
ever. is also applied to such devices as propeller 
blades and to axial-flow compressor and turbine 
blades. On the other hand, the blades of a paddle 
wheel in which the direction of force- is primarily 
in the direction of relative motion are not usually 
considered to he airfoils. In the present article the 
discussion will !>e concerned primarily with the 
use of an airfoil as a means for sustaining an air* 
plane* that is. as an airplane wing. 

The design objective of an airplane wing is to 
produce the required force or lift perpendicular to 
the line of flight with the smallest possible force 
in the direction of flight. The force in the direction 


where u i* vertical component of vchuitv. V i- the 
vortex -Irengtli. r i- the distance from the point 
at which I' is measured to the point at which u i- 
to be tabulated, and H is the angle between r anti 
the elementary length of the vortex //%. The Integra 
* t ion is to he carried out over the cnti r e vortex -\ w - 
fern of the wing. 

Tlu» net effect of all of the trailing vortice- is to 
cause a downward component of flow at the posi- 
tion of the wing. The true relative velocity at the 
wing, therefore, is rocked downward by an angle 
n T if u is small compared withf V and V is the 
free-stream velocity (Fig. 2). If the planform »»f 
the wing is elliptical and if the various fore and alt 
sections of the wing are not twisted with reaper * te 
each other the value of w is constant over the en- 
tire wing span. The free-stream ^direction in th*" 
case is effectively rotated downward by the con- 
stant angle w/V. Furthermore, the value of w I 
found to he equal to CjJvA where Ct , in the lift r<, ‘ 
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,.flirient 21. 'pE'.S, and A is the aspect ratio b*/S in 
w |,i<li f* is fluid mass density, .S is wing plan form 
;J ira. /* f l |(1 lif*' a,| d b is the span of the wins- 

If Cn is defined as the drag < o«*fh« iei»! 21). 'pY-S, 
the increment of the drag coefficient raused hy the 
backward rotation of lift coefficient C Jh wiil he 
ihc magnitude of the lift coefficient multiplied hy 
ihr angle of rotation or C/. ( u\/V i . Because u /V 
equal to C.i. rA, the induced drag coefficient (l ltl 
( .(|ii»|s C/r TT.d. The foregoing relations appl\ 

! ji't1> only to an untwisted elliptical wing. Other 
ron figurations of planforni and twist modify these 
impression.**. 

Estimation of the values uf u I' at points other 
(hail the wing itself will, in general, show the fol- 
lowing tendencies. A down wash will exist at points 
between the wing tip** and will approach an aver- 
se \alue twice as large as that at the wing for 
Ijrge down*treum distances. Outside the wing tips 
the -ign of u I' is generally reversed: tliat is. an 
.ipwash will u*uull\ exist. In an\ event, a thenreti- 
. lX \ estimate of the value of the upwasfi or down- 
w .i*li is obtained h\ a|iplication «t Eq. tit. 

Synthesis of wing characteristics. One of the 
E .|«)w| important lesiilfs of the I anchester-Prandtl 
wing theoiv was to allow the prediction of the 

■ haiactei istics of a wing of arhitrarv planform 
Mum a knowledge of the . ’ r :u fci i-I i« s of the cojn- 
(i.neiit ail foil profiles or wing *crlion*. The experi- 
mental < h.ira*’teri'!ics of ihc uiifoil piohles ran !»<• 
iji duced either from t»**.i- of a wing of finite span 
ii tlirv tan he measured diieetjv in a t wo-ditneii- 

■ i-inal flow wind tunnel in whnh the airfoil profile 
iiicipletelx -pans the tunnel In either r.i*e the re- 
siling * h iracteristics are a know lodge of the *i.t- 
'n»u lift drag, and pitc hing moment * haractri Mic 
i- .j fiun non of the* -c< Mon angle of attac k. In i a*e 
"• airfoil profile- or wing serf ion*, the* definition of 
M'c* f«>r» •* ami moment cnelhc irnt* i* s|ightl\ differ- 
'-n! limn the* c-oi lesponding definitions for a com- 
ph’ic* tin c*c- dimensional wing. I hc* section eoefli- 

i»‘mU are defined as the* force or moment per unit 
-I'-m divided hv til** proper roinhination of fluid 




Fig. 3. Relation between geometric, induced, and pro- 
file angle of attack. 


density, velocity, and linear dimensions to make 
the corresponding coefficient nondimensional. In 
particular, the* definition of section lift coefficient 
c/, drag coeffic ient c if% and pitching moment coeffi- 
cient r tn is 

21 2d 2m 

pVh rj pVh (n " pTv 

where / is lift per unit span, d is drag per unit 
span, m is pitching moment per unit span, p is 
fluid density. V is free-*tream veloc ity, and r is air- 
foil profile c ord. 

The value of these coeffic ients is independent of 
the basic units of measure provided onlv that the 
units of measure are consistent. For example, in 
the* English s V -tem the units to he used are force 
in pounds, length in feet, time in seconds, and mass 
in slugs. The moment coefficient i- usuallv spec i- 
hed about t hr* quarter-chord point, that is. the point 
on tin- line 2.VJ of the chord aft of the leading 
edge. The reason for the choice of this partic ular 
point about which to specify the moment i- that the 
moment tend- to lie independent of the lift coeffi- 
cient and angle* of attack if specified about this 
point. >cc Ah<odvn\mjc <mm; Ami-uii. pkohu. 

Elliptical planform. The simplest example of 
the 11*0 of wing-sec Mon data and wing theory to 
predict the characteristics of a complete three-di- 
mensional wing i- the case of a wing of elliptical 
planform in which each fore-and-aft section ha* 
the same airfoil profile with the* quarter-chord 
points of the* piofiles in a straight line and no twist 
between sections of the wing at various spanwi*e 
locations l ndei the e conditions downwa-h is a 
constant over the entire span. The angle of attack 
of each airfoil section relative to the mean direc- 
tion of the* air flow at the wing is equal to the geo- 
metric* angle of attack defined as the angle between 
the c ** *»rd line and the direction of the undisturbed 
-trram. diminished hy the induced angle of down- 
wush < Eig. .’it. Stated symbolically 

flu ~ nr,.. — n, < 2 1 

where er,. is the airfoil profile angle of attack, cr., is 
the geometric angle of attac k, and n is the induced 
angle of attack n E. The characteristics of the 
complete wing are related to those of the airfoil 
profile at the same value of the lift coefficient: that 
is, the wing and profile lift coefficients are assumed 
to he the same and corrections are applied to the 
corresponding profile angle of attack and drag co- 
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efficient of the complete wing. In the particular 
case of the untwisted elliptical wing, the value of 
a does not vary over the span of the wing and is 
equal to Cl . The wing angle of attack <r y according 
to Eq. (21 is equal to the airfoil profile angle of at- 
tack increased by the induced angle of attack. 

tx g = -f Cl /it A (3) 

As mentioned previously a t * ie/F » Cl /ttA. Ac- 
cordingly Eq. (3) relates the variation of wing 
angle of attack with lift coefficient to that for the 
airfoil profile. 

Except for variations associated with Reynolds 
number, a single curve which is the same for all 
spanwise positions relates the variation of airfoil 
profile drag coefficient with lift coefficient. Conse- 
quently. for a given lift coefficient the drag coeffi- 
cient of the complete wing is found by adding the 
induced drag coefficient Ci.(u' V) to the corre- 
sponding airfoil profile drag coefficient or 

Co = r f | + cr ttA (4) 

Equation (4) is the desired relation between the 
wing and section drag characteristics. 

The pitching moment coefficient for the com- 
plete wing may be defined as 

r 2W 
' phsc 

where 1 / is the wing pitching moment and r is the 
mean aerodynamic cord. Now 

M = (' j)pF-VV, tly 

where c is the chord at any span wise position v. 
The integral may be written, because ( 1 'j)pl / -V„ I is 
constant for the case considered, as 

If C 1 is defined as 



then M - (H)pC*fic*r m 

, m)p^ n hr i c m bfr, 

^ (h)HSr S 

If an average chord or mean geometric chord c* v 
is defined as S h 9 then the expression for the wing 
pitching moment coefficient may be written 

Cm * (c/#v)r m 

The value of c/c» v depends upon the planform ge- 
ometry. For a rectangular wing the value would lie 
unity. For the elliptical planform wing assumed in 
the present example the value is about 0.92. Thus 
for the elliptical wing 

C* * 0.92 c m (5) 


rather elaborate mathematical procedures are re. 
quired fur the solution. 

In most cases the equations relating the sect inn 
characteristics to the wing characteristics are c|ual 
itatively similar to those for the elliptical wing, T„ 
simplify airplane design procedures it is fnirh 
common practice to represent the variation A „f 
wing drag with lift hy un equation of the form 

AfT/, * kCi.' 2 K, l 

where k is u constant. From this type of repre^entd 
lion, the terms airfoil efficiency factor and effector 
aspect ratio have arisen. When Kq. ( 6 ) is used | (I 
represent the characteristics of an actual winj». 
both the true induced drag (drag as u result <>t 
rearward rocking of the lift vector) and \ ari.it i<»i, 
of airfoil profile drag with lift coefficient are in- 
eluded. The factor k in Fq. (h) is then genn.dK 
larger hy 1. ttA both bec ause the airfoil plavit«»t rn 
differs from the elliptical shape, which curm 
sponds to a minimum induc ed drag for a given a- 
pect ratio, and also bec ause the factor k now ». 
counts for some of the* profile drag variation. I In 
ratio of 1 'ttA to the value of k resulting in u mu\» 
that best fits the experimental data has been given 
the name airfoil efficirncv factor. In terms of iln* 
factor Tf the expression for the wing drag \ari.i 
lion becomes 

AT/> -• Cir y/rr/l i ; 

Another way of expressing the same* result i- In 
means of an effective aspect rutio A,. In trim- m 
the effective aspect rat io the drag variation m.iv U 
written 

A Co « C,r ttA. 

Thus A. -r)4. 

Airfoil efficiency factor ancl effective aspect r.iti<- 
are alternative means of indicating the same dim 

The adequacy of the concept of either •■tfntiv* 
aspect ratio or airfoil efficiency fac tor i- gn*all\ 
dependent upon the nature of the variation of pm 
file drag with lift coefficient. If the increment in 
profile drag from the drag at zero lift is approvi 
mately parabolic*, then the representation of the m 
tire wing drag in the form of Eqs. lf>». f7i. .uni 
18 ) is accurate. If. however, as is sometime* th* 
case, minimum profile drag occurs at some lilt •" 
efficient substantially different from zero, ami tin 
variation of profile drag with lift coefficient canm'i 
he accurately represented hy a, parabola having it* 
minimum value at zero lift, tl^p concept of airfoil 
efficiency factor or effective aspect ratio 
much of its value. In the gregt majority of 
where the airfoil efficiency factor or effec tive 
pect ratio concept proves useful, the complete r\ 
pression for the wing drag coefficient may he wr,, ‘ 
ten as 


For planforms other than elliptical, and when 
the wing is twisted, the downwash over the span of 
the wing is. in general, variable. This introduces 
considerable complication into the problem and 


where Co t i* the wing drag coefficient at w’ r " 


(9i 

lif' 
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In making an analysis of the drag of a complete 
airplane configuration many elements of the drag 
(for example, the fuselage drag) ore relatively in- 
dependent of the attitude or lift coefficient of the 
configuration. Furthermore, in making design 
-l .idles, such elements of the drag as that of the 
fuselage or engine nacelles may remain relatively 
fixed ulthough their value itt terms of drag coeffi- 
fients based on the wing area may vary consider- 
ably as the wing area is changed. In such analyses 
the concept of equivalent Hat-plate area is useful. 
\ square flat plate normal to the wind has a drag 
coefficient somewhat greater than 1.0. For ea-e of 
i amputation, however, a nominal value of 1.0 is 
assumed. The equivalent flat plate area of any ele- 
ment of an airplane is equal to ('.»S' where C,, is 
the drag coefficient of the element ha*ed on the 
area S’. This is a dimensional quantity, the useful- 
ness of which in parametric studies lies in the fact 
that the equivalent flat-plate area tends to remain 
fixed as long as the *i/.e of the particular compo- 
nent is left unchanged. Furthermore, the equiva- 
lent flat-plate area of most objects is usually in the 
.nine older «»f magnitude as their projected frontal 
.irea unless special care is taken to shape the body 
• arefully in such a wa> as to minimize drag. 

The xariiition of d»ag of the complete airplane 
w ith lift coefficient can be expressed in the form of 
.in equation similar to Kq. MM. This equation may 
l»r W 1 Ittcll 



c u \ 

IT. 4 


( 10 ) 


sliere S' is the sum total equivalent flat-plate area 

■ d all of the dements of the airplane including the 

lift drag of the wing, ami S is the wing area. 
Lift-drag ratio, Ileum**** it is possible in many 

■ iM*s to express the relation between the lift and 
iln* drag coefficients b\ means of a simple analyti- 
cal ♦■xpicssion. it is possible to determine the oper- 
riing londitions at which the lift-drag ratio is a 
maximum. Drag can he expressed as C ft - -f 

The lift-drag ratio will be a maximum when 
tin* reciprocal or the drag-lift ratio is a minimum. 
Dividing the expression for the drag coefficient by 
( ; gives 


Co 

Ci 


C» n 

Cl. 


4 kC L 


Differentiating this expression with respect to Cl 

Cl\fs 


d(i)/D r; Do 

<ic, + k 

^° r a minimum. this expression is equal to zero, or 
( ,) « Cf 2 * h; that is. Cn 9 m kC lt 2 . Stated in words, 
* ,p lift-drag ratio is a maximum when the zero-lift 
rra R is equal to the drag due to lift. The lift 
efficient for maximum lift-drag ratio is equal to 
k or in terms of the airfoil efficiency factor 

C ^ vi “ \ZvirjC Ufs 
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Multiplanes. The analysis of biplane and other 
multiplane configurations is gTeatly simplified by 
the use of M link’s stagger theorem, which states 
that the induced drag of any combination of lifting 
elements is unaltered if the elements are moved 
forward or backward in stream wise direction, pro- 
vided the attitude of each element is always reori- 
ented so as to maintain the same division of lift 
among them. This means, for example, that the in- 
duced drag of a biplane remains constant inde- 
pendent of the amount of stagger of the two plane**, 
provided I he angle of attack of each of them is ad- 
justed so as not to alter the lift carried by each 
plane. This analysis presents factors from which 
the monoplane wing equivalent to the biplane can 
be computed. For a biplane consisting of two wings 
of equal span and aspect ratio, the induced drag 
coefficient is somewhat greater than that of a mono- 
plane airfoil of the same aspect ratio at the same 
lift coefficient. .See Win<; stri’ctthe. [ a.e.v.d.] 

Bibliography : I. H. Abbott and A. F.. von Doen- 
ImfT. Theory of If' inf* Sections; Including a Sum- 
mary of Airfoil Data. 1949: H. Cdauert. The Ele- 
ments of Aerofoil and Airscrew Theory , 1926: 
R. von Mises. Theory of Flight . 1945. 

Airfoil profile 

The curve defining the external *-hape of the cross 
section of an airfoil or wing. Airfoil profile is syn- 
onymous with the term wing section. Many of the 
characteristic*, of an airfoil or wing can be deter- 
mined from those of the component wing sections. 
Scr A I HI Oil.. 

The theory of flow about wing sections is essen- 
tial lx a two-dimen-ional flow theorv. since it is gen- 
crullx assumed that the component of flow* in a di- 
rection perpendicular to the plane of the section is 
negligible. 

Dimensional analysis. A dimensional analysis 
of the flow about an airfoil profile yields much use. 
fill information about the most convenient method 
of describing the forces and moments acting upon 
it. If the effects of compressibility are neglected 
for the moment, the physical characteristics of the 
fluid are completely defined by the specification of 
it*- densitv p and viscosity ». It is assumed that the 
geometry of the configuration is completely speci- 
fied when a txpiral length r. the chord of the air- 
foil. is given. Similarly, it is assumed that the rate 
of the flow processes is determined when a typical 
velocity r. the free-stream velocity, is given. The 
force per unit span is the quantity to be determined. 

The IT theorem of dimensional analysis states 
that if there are m quantities involved in a physical 
phenomenon and there are n independent funda- 
mental units in terms of which these quantities are 
measured, then the physical phenomenon can be 
described bv a relation containing m — n dimen- 
sionless parameters (see Dimensional analysis). 
One such quantity containing the force per unit 
*pan and all of the other characteristic quantities 
defining the flow except the viscosity is 2 F f>V 2 c 
where F is the force pet unit span. If F is taken as 
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the force perpendicular to the free stream per unit 
span, it is denoted by / and the quantity 2/ pl /J r 
is called the section lift coefficient <’/. Similarly, if 
F denotes the force per unit span in the free-stream 
direction d % the quantity 2d pV' £ c is called section 
drag coefficient c ti . A corresponding procedure can 
be used to define a section moment coefficient, r,„ ; 
that is, c m ** 2 m/pV 2 c 2 , 

These coefficients must be expressed in terms of 
a function of a nnndimensional parameter contain- 
ing viscosity ,u. The fundamental units in terms of 
which all the quantities can he expressed are the 
units of mass, length, and time. These quantities in 
the English system of units are, respectively, slugs, 
feet, and seconds. The dimensions of viscosity are 
slugs per foot per second. Substitution of the basic 
units for the various quantities in the parameter 
pVr/f t will show that this parameter is dimension- 
less. This parameter is known as the Reynold* 
number. It follows from the II theorem that each 
of the three coefficients c,i % r m should he ex pres- 
sible as a function of the Reynolds number. 

The values of the Reynold-* number correspond- 
ing to flight conditions are generally quite high, 
that is. of the order of several million. An examina- 
tion of the flow on a phvsicallv intuitive ba*i* 
would *eem to indicate that the nature of the flow 
field about an airfoil profile should he largely indt* 
pendent of the viscosity and hence of the Reynold* 
number. Under certain condition* this actually i* 
the case. As long as the flow follows the airfoil pro- 
file « ontoiir. the pressure distribution i* nearlv in- 
dependent of the Reynolds number. The effect** of 
viscosity make them*elve* felt primarily in connei - 
lion with the drag coefficient, which would he /cro 
if viscosity were entirely neglected, and in deter- 
mining the conditions under which the flow cea*e* 
to follow the surface, or, in other word*, the condi- 
tions associated with flow' separation. 

In a searching analysis published in 1%4. 
L Prandtl showed how the flow about an airfoil 
profile could he divided into two regimes. In the 
first regime the flow at some distance from the pro- 
file is considered. In this regime the effect*, of > jo- 
cosity are entirely negligible, and the flow can be 
treated by the method* of classical hydrodynamics. 
The results of calculations made bv these method* 
yield a knowledge of the magnitude and direction 
of the velocity at all points external to the profile 
except in the immediate vicinity of the profile -iir- 
face. They also give a nearly correct answer for the 
distribution of normal pressure about the airfoil 
surface. The effects of viscosity are confined to a 
relatively thin region of fluid close to the surface 
called by Prandtl the boundary layer (.ice Boon 
ARY-LAYf:R flow). Prandtl showed how, when the 
pressure along the airfoil surface increased in the 
direction of flow, the flow in the boundary layer 
could actually reverse direction and thus form a 
fluid wedge that would cause the original flow to 
separate completely from the surface. 

The discussion of the flow about an airfoil profile 
will be divided into two parts. The first part will 


consider the perfect fluid flow, and the second part 
will deal with the effects of viscosity. 

Perfect fluid flow. The perfect idealized fluid of 
hydrodynamics is one in which the viscosity can In- 
completely neglected (.see Fi.ijid-flow i*koi»kh 
ni:s). Internal stresses within the fluid at any point 
are always normal to the plane on which they are 
evaluated regardless of the orientation of the plane 
and regardless of the rale of shear of the fluid. This 
mean*, in effect, that the fluid can slip with no re- 
sistance o\er the airfoil profile surface. The com- 
plete absence of viscous shearing stresses mean* 
that the rate of rotation of a fluid element cannot 
he changed. In particular, if the stream of flow i*. 
considered to originate from a region in which the 
flow is essentialK at rest, none of the fluid elements 
will ever have anv rotary component of motion. V r 
LaI*I.AI:F,’s lKKOTAllONM. Mill ION. 

The absence of rotation in the field of flow make* 
it possible to describe the motion in trims of a 
velocity potential, the directional derivative <>| 
which will give the component of velocity in the cjj 
rection of the derivative. Stated svmbolicallv . if f j, 
is the velocity potential, the value of <f> will f, ( - d 
single-valued function of the coordinate* i and v in 
any *implv connected region. The value • »f the t 
component of velocitv u will he given hv ■ uo fh. 
and the v component ‘»f velocitv i hv iup o\ 
The equation of mntinmtv which state*, that im 
fluid i* being created »*r dest roved i* given hv the 
relation idwfix) t (c'u rh ) - 0. or Mated in 
term* of the velocitv potential. < cV</» ii\ i - 
I (* * c/> /)> i ~ 0. 

If no fluid is created or destroyed. a slte.im him 
tion can he shown to exist *urh that r>v ox - 1 
and rty ch * *— //. The condition of it rotalimud 
ity may he stated hv the equation i*u 
dv r)t ~ 0; or. substituting the value of u and \ in 
terms of the stream function, thi* equation hr 
conies rV-y/dv* -*■ fly* - 0. Thus, fot an in 
compre**il»le perfec t fluid. Imth </> and y sjii*f\ 
Laplace’* equation. Thi* fact make* the cab-tila 
tion of two-dimensional flows particuhulv eonveni 
ent. The foregoing discussion indicate* that <j* 
and ip satisfy the Cauchv-Riemann condition*- f°» 
the existence of an anulytic function of a complex 
variable; that is. «c =» c/> 4 U> * /f * 1 , where : ' 

\ -r h, represents a possible two-dimensional H"* 
for any analytic function of z. Th< streamlines ol 
such a flow are given by the equation y - cnri-Mut 
a different streamline corresponding to each value 
of the constant. For steady (lowly that i*. flow* n<»t 
varying with time, the streamlines also an- ih» 
paths of the fluid particles. Any streamline can be 
taken to represent a solid boundary because there 
is no flow across a streamline. A simple exuinph 
of a fl >w is the relation m » ^Fz. Thi* relath ,n 
represents a flow with uniform velocity in the m 
rection of the positive* axis. 

Flow around a cylinder. Consider next the flu* 
represented by the equation 

llfl> 


w - + «•/*) 



Hv expressing z in polur coordinates the following 
i„ found: 

if - 4> 4 if MM 

- V £r(cos 0 4-/ sin 0) f - (cos 0 — i sin 0) J 


]l,e streamline ip * 0 consists of the % axis, 
,in 0 « 0, and the circle, r * a. Thus, F.q. I I ) rep. 
ic-imiI" the flow about a ciicular cylinder in a uni- 
f.mu stream. The fact that Hz) is analvtie means 
that the derivative dj/dz lias an unambiguous value 
regardless of the manner in which dz approaches 
yrn>. I et dz approach zero along a line parallel to 
j| lr * i axis. Then 


dn 

dz 


(0 f hfr) 


<Ufr . thp 

Ax + ‘ tlx 


— M 4 /I (2) 


Filiation <2 1 shows that the components of veloc- 
itv may be obtained simply b> differentiating flow 
function //’. If thb procedure is applied to Kq. ( 1 » 
i| u . following iclation is obtained: 

'j. " ( " - r ('~"s) 

n. ii z is expressed in p*»la » oordinates 

. It r 20 ■■ i Sin iM<) 

b* obtain tin* velocitv distribution about the rylin- 
. i r* * Ho* value of r is taker* equal t *► the ladius of 
•!■»*, vlinder it. If the real and imaginary term* of 
h| i.li are separately equated. the components of 
' rl'M it \ 


it -- III ci is ) 
i - I -.in 20 
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P - 1 - (2-2 cos 20) f6| 

P « 1-2(1 - cos 20) ; 

At the point on the cylinder furthest upstream, the 
value of 0 is 7T and the pressure coefficient is 1.0. 
At the uppermost point on the cylinder, the value 
of 0 is ?r/2. The velocity is a maximum, and the 
pressure coeffieient is —3. At the most rearward 
point on the cv Under the value of 0 is zero, and the 
pressure coefficient is again 1.0. Because the ex- 
pression for the pressure coefficient is symmetrical 
with reaped to the v and y axes, there is no re- 
sultant force in either the lift or drag directions. 

Flow with circulation. As a slightly more com- 
plicated flow, consider the flow represented by the 
relat ion 

/ A iV , 

-J (j f 1 4 „ In 

Again, expressing j in polar coordinates and ex- 
pli* itlv writing the real and imaginary parts of 
ea< b term 


<t> 4- i\p - - / 0 i sin 0) 

4 (cos 0 - i sin 0)1 — - In ( 4- td\ (7) 
r J 2tt V a ) 

In this case the streamline C = 0 corresponds to 
the ciicle r ~ a. 

The tangential component of velocity can be 
found bs the same process used in the previous e\- 
amph. In the present case, however, it is simpler 
to fmd this velocitv directlv from 



Hsin 0 4- sin 0) - 


r 


— 21 sin 0 — 


(8) 


c* "lil.imed. 

Hie magnitude of the total velocity, which on 
,l o* siufacr of the cylinder is »he tangential com- 
i» ,, n« , nt of velocitv. is equal to \ //- -4 i-’. Substitu- 
!, "n «»f the values of u and v from F.q. (4) gives 
* \ 2 2 i os 20. The pressure distribution about 

•h' 1 »v Under is found by the application .if Her- 
""bill's equation which is applicable in this case 
J"'jiisr an ideal fluid with no internal losses ha* 
i"‘ni j^umed t,wr Bmvori t.i % * iiiiokkxi). This 
r quati«*n may he written in the form 


/>«! 4 


pi 3 


p(#r f v*) 
P * 


^ pressure distribution about an airfoil profile is 
pally given in term* of a pressure coefficient V 
1 f , ii ,, ij as 2(p *p„» pF-. The equation for the 
l' r,, ^iire coeffirieut P i * then 

p„ 2( / , .-H , <“’ + '*> & 

on n 1 

"■the circular cylinder the pressure coefficient P 
u * ‘**n he expressed as 


The pressure coefficient may be found a< before 

r i - (9) 

I ‘ 

M ' sin' 0 -e (2rr wn) sin 0 -4 l v \v 2 a* 

' I" ~ 

Again, because of fore-and-aft symmetry there i* 
no force in the stream direction. 

However, a net force exists in the lift direction. 
This force is found bv integration of the pressure 
distribution. The vertical component of pressure is 
P sin 4. and it acts on an element of area a dti. 
Consequently the lift component of the force act- 
ing on the cylinder is 

1 -- P \ aP sin 6d8 (10) 

2 Jo 

The only term in F.q. (<>) that gbes a net contribu- 
tion to F.q. (10) is the term (2T t<iF) sin 0. The 
lift is then 

/ - pn f lr .in * ode - per (i i) 

2 J® irnl 

Quantity V appearing in the foregoing relations 
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Fig. 1. Example of Joukowsfcy transformation. 


is called the circulation and is equal to the line in- 
tegral of the velocity in any complete circuit sur- 
rounding the cylinder. The equation / * pVV is 
shown by the present analysis to be valid for a cir- 
cular cylinder. A more general analysis shows that 
this relation is true for any closed two-dimensional 
shrtpe. The addition of a circulatory flow repre- 
sented by the term f 0T/2 tt) In (z'a 1 I results not 
only in the development of a lifting force on the 
cylinder hut also in a shifting of the forward and 
rearward stagnation points, that is. the points of # 
zero velocity. The position of the stagnation point 
is shifted by an angle sin 1 0 » — r/4r aV. 

Circular transform. The flow about a circular 
cylinder has been discussed in detail not only be- 
cause of its mathematical simplicity hut also be- 
cause it forms the basis for most two-dimensional 
airfoil calculations. A theorem of the theory of 
functions of a complex variable states that any 
closed boundary of arbitrary shape can he trans- 
formed into a circle. That is. for a closed boundary 
drawn in the plane of the complex variable 
£*£■+■ »V there exists a functional relation- 
ship z - f(£) such that the arbitrary closed curve 
in the £ plane is transformed into a circle i;i the 
plane of the variable z. Furthermore, it is possible 
to invert the procedure and find the direction and 
magnitude of velocities in the £ plane from those 
at corresponding points in the z plane. In particu- 
lar, if the transformation between an airfoil profile 
and a circle is known, it is possible to compute the 
velocity at any point in the field of flow about the 
airfoil from the velocity at the corresponding point 
in the field of flow about the circle. The finding of 
the transformation relating an arbitrary airfoil to 
a circle is a complicated process. It was solved in 
a particularly convenient way by T. Theodorsen. 

Joukowsfcy transformation . Prior to the develop- 
ment of this genera] method of finding the flow 


about an arbitrary airfoil shape the problem was 
attacked in the reverse order; that is, relatively 
simple relations were found that transformed a 
circle into a closed curve similar to those which 
experiment had shown had favorable aerodynamic 
characteristics. The advantage of such theoreti- 
cally derived airfoil sections was that it was possj. 
hie to calculate theoretically the pressure distrihn. 
tion about the airfoils and consequently the lift 
and pitching moment as a function of the angle „( 
attack with fair to good accuracy over the usual 
range of operating conditions. One of the hettei 
known transformations is the Jouknwtky transfi, r . 
ination. The Joukowsky transformation is given 1 m 
the relation 

£ - z + ar/z f)2, 

For large values of z the second term on the right, 
hand side of Eq. H2) becomes negligible and iImm 
the field of flow at large distances from the origin 
is unchanged. If the Jnuknwskv transformation b 
applied to the circle of radius a with center at r}»r 
origin, this curve transforms into a portion of the 
$ axis extending a distance ±2 a from the origin 
in the £ plane (Fig. 11. If now a circle b drawn 
with radius slightly larger than a and tangent «i 
the position x « a in the z plane, the different v be 
tween the two circles will vanish at the point d 
tangenrv T and become a maximum at the uppo-iit- 
ends of the diameters. When the transformation 
which changes the smaller circle into a segment of 
a straight line is applied to the larger circle, tin 
result will be a closed curve which is nearh flit 
tened out with a bullions character at the left n\<\ 
and a cusplike rharaeter at the right end. Such 
curve can he considered to he an airfoil profile 
The thickness of the airfoil can he increased h\ 
increasing the relative size of the quantitv <. ;m«i 
airfoils in which the line representing the mean «t 
the upper and lower surfaces b curved can he eh 
rained by shifting the center of the largei <inh 
off the x axis. 

Kutta condition. When the flow about the airf«»i! 
shape is calculated for various angles of attaik 
that is, when the direction of the freest ream flow i- 
changed with respect to the coordinate axe**, it i* 
found that the velocities at the sharp trailing edp 
of the airfoil are. in general, infinite, unless rhe cm 
culation is so adjusted as to make the point f, f 
tangenrv of the two circles in the z plane u stagna- 
tion point. 

Making the trailing edge position in the z plane 
a stagnation point ensures that the flow lea'c* th* 
trailing edge of the airfoil srrifrothly in the airh" 
or £ plane. This condition tnr determining tin* 
value of the circulation is kno#n as the Kutta »° n * 
dirior.. This condition is of more than merely mat« 
ematiral significance. It is almost exadl> sflti‘'n , ‘ , 
by the flow about all airfoils i ft their normal «l Mr 
ating range. , 

The manner in which this condition come* t«» " 
satisfied may lie described by assuming that «n 
foil is at a positive angle of attack and that • 
flow is starting from rest- Initially there i* 1,0 ° 




filiation about the airfoil. The ideal fluid flow 
would then huve infinite veloc ity about the trailing 
and a stagnation point on the upper surface 
near the trailing edge. In attempting to flow around 
trailing edge the real flow separates from the 
„„rface at the trailing edge and attempts to return 
to the airfoil surface slightly downstream of the 
^agnation point. The flow thus forms a vortex he- 
i ween the upper-surface stagnation point and the 
trailing edge. This vortex has a circulation asso- 
rted with it. As the vortex is swept off the trail- 
ing edge *t leaves the? airfoil profile with circula- 
lion of the opposite sign because the sum total of 
the fluid circulation must be zero. This process con- 
tinues until the stagnation point on the upper sur- 
face has been moved substantially to the trailing 
rdge. or in other words, until the Kutta condition 
wuhslantiallv satisfied. The reason the trailing 
,dge of airfoils is made sharp is to minimize the 
uidth of the trailing wake, and. through the Kutta 
■ ofulilion. to establish u definite value of the* circu- 
lation for each angle of attack. However, a*- the 
, in ulation adjusts itself to the value correspond- 
ing to smooth flow from the trailing edge, the* stag- 
nation point on the opposite side of the airfoil near 
•hr l« tiding edge moves toward the rear. Cnn*e- 
■pienl 1 v. the leading edge #f the airfoil is rounded 
!•> avoid excessive velocities and attendant flow 
M|uiriitioii in this region. 

Thin airfoils. Main airfoil piofilr.* in ronunon 
i.h»- are comparatively thin: that is. their vertical 
•iimeiisinn is small in comparison with their dimen- 
s|.»n in the direction of the air stream. It is entirely 
oM-oMahle then that nianv of the profile character- 
.-liiscan he related to the airfoil-profile mean line, 
idmh is the line drawn mid wav between the upper 
.1 mJ lower surface?* through the airfoil-profile con- 
The rhordwise lift distribution can he re- 
°»l\cd into two parts. The first part is associated 
•oih the shape of the mean line and corresponds to 
ihr total rhordwise lift distribution at the *o- 
* alh-cl ideal angle of attack, which is the angle of 
att.nk at which the forward stagnation point is at 
*he leading edge of the airfoil. This part of the lift 
‘li'irilitiijon gives almost the entire contribution to 
•In pitidiing moment about the quarter-chord posh 
fi.m. The second part of the? rhordwise lift distri- 
bution is associated with departure in angle of at- 
l ‘i'k from the ideal angle of attack. The c enter of 
pressure of this portion of the rhordwise lilt di*- 
,r i|»iition is almost exactly at the quarter-chord 
l M> int. ami thus has little effect upon the quarter- 
'bord pitching moment. 
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The rhordwise pressure distribution at any arbi- 
trary angle of attack is made up of a combination 
of these types. The first or so-called basic type of 
loading depends upon the mean-line shape and is 
independent of angle of attack. The second or so- 
called additional type of loading is independent of 
the mean-line shape and primarily dependent upon 
angle of attack hut is slightly dependent upon the 
shape of the thickness distribution of the airfoil 
profile. It is possible to calculate the actual pres- 
sure distribution about an airfoil profile, not just 
the load distribution, from a combination of the 
previously mentioned mean-line data and a knowl- 
edge of the pressure distribution about the airfoil- 
profile thickness form. Knowledge of the pressure 
distribution about the thickness form, which is sim- 
ply a symmetrical airfoil, i « required only at 0° 
angle of attack. The pressure distributions at zero 
lift, together with all data required for obtaining 
the pressure distribution* at any normal operat- 
ing condition for a wide assortment of thickness 
forms and mean- line shapes, have been tabulated 
in the literature. 

Classification of airfoil profiles. The character- 
istic* of the thickness form and of the mean line 
have been used to form the basis for a system of 
airfoil designations. The thickness form shown in 
Fig. 2 has been used a* the basis for the NACA 
four-digit and NACA five-digit series of airfoils. 
I he \\CA four-digit airfoils used a mean line 
made up of two parabolic arcs tangent at their po- 
sition of maximum ordinate. A typical airfoil des- 
ignation for the four-digit *erie* of airfoils would 
be the NACA 21-1 2. The fir*t digit gives the amount 
of mean eamher in per cent of the chord. The sec- 
ond digit gives the position of maximum mean 
camber in tenths of the chord from the leading 
edge. The la*t two di^it* give the airfoil thickness 
in per cent of the chc*d. Thus, the NACA 2412 air- 
foil ha* a maximum mean cam lie r of 2 r ' f of the 
mean chord located 0.4c aft of the leading edge 
and ha* a thickness of 0.1 2r. 

The NACA five-digit series of airfoils uses the 
same thickness form hut a different type of mean 
line. In thi* designation the first digit represents 
approximately the maximum amount of mean cam- 
ber in per cent of the chord. The next two digits 
are approximately twice the distance of maximum 
camber from the leading edge in per cent of the 
chord The last two digits indicate the airfoil thick- 
ness in per cent of the chord. Thus, the NACA 
23012 has approximately 2 f < camber with maxi- 
mum camber located 15^1 of the chord from the 
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leading edge and has a thickness-chord ratio 
ofl2%. 

A later N A C A series of airfoils had thickness 
forms and mean lines which wdicn used in proper 
combination permit a reluti\cJv large extent of 
low-drag laminar flow over the airfoil surfaces. 
Special thickness forms were derived to permit 
various possible extents of laminar flow. A typical 
designation of ail airfoil of this type is given by the 
designation NACA 64-J-215. In this number the 
first digit is simply a serial designation. The sec- 
ond digit gives the design extent of laminar flow in 
tenths of the chord. The subscript gives the magni- 
tude of the \ariation in lift coefficient ahme or be- 
low the design value for which extensi\e laminar 
flow on both upper and lower surfaces i* expected. 
The fir«t digit following the da>h gives the design 
lift coefficient in tenths and the last two digits give 
the airfoil thickness-chord ratio in per cent. Thus, 
the NACA 64-j 215 is a six-series airfoil with a de- 
sign extent of laminar flow of 0.1c for a range of 
lift coefficients 0.2 above or below the design value, 
having a design lift coefficient of 0.2 and a thick- 
ness-chord ratio of 15 r l . See Wing miu cii kk. 

I A.F..V.I). ] 

Bibliography : I. H. Abbott and A. F. von Doen- 
hoff. Theory of B ing Sections ; Including a Sum 
mary of Airfoil Data, 1040; I. H. Abbott. A. K. von 
Doenhoff. and L. S. Stivers. Summary of Airfoil 
Data , NACA Kept. 824. 31:259 321. 1945: T. The- 
odorsen. Theory of K ing Set tions of Arbitrary 
Shtpe. NACA Kept. 411. 18:229 239, 1932. 

Airframe 

The basic structure of anv air vehicle except 
lighter-than-aircraft (see A frost \r i. The airframe 
is the primary framework necessary to support the 
aerodynamic forces and inertia loads representa- 
tive of the weight of the vehicle and contents. 

The all metal era in airframe conduction began 
about 1930. Prior to that date, nearly all airframes 
were truss designs using wood or steel tubing and 
braced with tie rods. Thi* framework supported 
contour hoards and battens to which cotton fabric 
was attached. Air loads acting on the fabric were 
transmitted to the truss through secondary struc- 
ture. The truss also carried inertia loads directly. 

The new era introduced the aerodynamically con- 
toured sheet-metal shell as the primary structure, 
thus making it adaptable to support the air loads 
directly (Figs. 1 and 2 h Shell structures are con- 
structed principally of aluminum allov, and to some 
extent, of magnesium, titanium, and stainless steel. 
The shell structure is favored today because of its 
high strength-weight efficiency and excellent resist- 
ance to the air pressures encountered in high-speed 
performance. Airframes are usually divided into 
two types, wing structure and fuselage. 

Wing. Wing structures are characterized by a 
thin aerodynamic profile. The forward 10-25% of 
the wing chord usually designates the leading edge. 
The aft 25 30% is generally a detached surface, 
triangular in cross section and hinged to the inter- 


mediate section or wing box. In a wing of normal 
plan form design, the shallow wing box togetln- r 
with the leading edge (if continuous) serves a * a 
cantilever beam, supporting the lift and drag loud* 
and the resulting torsional moment. The wing ij| K 
vary in number, depending upon the design. an ,| 
serve manv purposes: (l) maintenance of wmj. 
contour. (2) redistribution of shear forces, arn j 
(3) resistance to normal erushing force* inclined 
by the deflection of the box beam. Because the 
flange material is distributed over the upper and 
lower surfaces, beam theory must he modified to 
correct for the shear deflection of the thin skin 
covering. The structural analysis method* for wing* 
incorporating a change in sweep axis require ad 
ditional modification to determine true stress ,f;„ 
trihutiou. Wing airframes having low -aspect rurih 
triangular planforms require a different diialvinal 
treatment because of the elastic effects of the rilis 
The classical theorv applied to box beams is tr 
placed with a beam-network analysis which mi- 
grates structural deflections in both a spaing, 
and a « hordwise direction. Iloii/ontal and veitn.ii 
control-surface structures are similai to wing* ami 
require the same methods of structural analv-i- 
See Wing: Wing sirm iiri. 

Fuselage. Fuselage ait frames are varied m si,u 
the aetndvnnmic geornetiv and to support mix In.' 
the equipment and manv useful load item*. In liw 
lage -hell structure* the skm covering t oiislitutr- 
most of the shear-r arrvitig material. I h*< onhruuhf - 
due to windows, door>. and the like require irahr. 
merit of the shear path*. Thi* is a< « nmpIMird !■ 
means t»f gu**ct* and intermediate frames '| he hi 
ter are most important when the skin covering 
considerable curvature because, in thi* uk iK- 
shear center tor anv segment of skin lies 
its periphery The shear foice* aie caused bv vcili 
cal and side loads and torsion. Bending strength e 
supplied bv the skin iwhrn continuous » .nigmeriini 
bv longerons or multiple stringers. When longemii- 
are used, most of tin* bending material is I'orn**!; 
trated in these members, and this requires rigid 
support from the frames. Because the radius fi 
gv ration of the longerons is relativelv large, moder- 
ate* frame *pu< ing is used. When multiple strings- 
serve as bending mater ial, the frame spacing ni'M 
be proport ionatelv reduced. Stringer spacing vanr- 
with bending requirements but is also important in 
giving the skin panels favorable proportions, f ul- 
lage frames serve primarily gs bulkheads to dh- 
tribute concentrated loads from other siructuiJ 
components. to support heavy masses, to maintain 
contour, and to stabilize the sljell proper. I’lisel.ig 1 ' 
structures are analyzed as begins on multiple S «P 
ports in the matter of principal stresses. Ihev an 
iisuaHy quite redundant and require considers » <* 
detailed analysis. Flastic-enerfy solution* are g' " 
erally performed for most fuselage structures wit^ 
particular attention to the boondary conditio * 
any isolated or free body section. Engine nur< ^ 
supported by the wing are designed in the stfnl 
way as fuselages. 
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A discussion of airframes must include related 
items of structure such as doors, windows, air-in- 
duction systems, floors, and shelves. Many air ve- 
hicles could sustain level flight with only such es- 
sentials as an air-induction system incorporated. 
However, to achieve maximum efficiency under de- 
sign operating conditions, the aforementioned items 
are necessary. Doors and windows are subjected to 
high pressures because of the external airloads and 
cabin environment. Doors operable in flight recjuire 
high rigidity. All of these factors serve to stiffen 
the airframe, and this stiffness is extremely impor- 
tant in guarding against flutter. .See Fi:sbi.a(;k. 

To date, airframes have been constructed prin- 
cipally of aluminum alloy; alighting gear compo- 
nents are usuallv constructed of high-strength steel 
(see Landing gear). As elevated temperatures due 
to aerodynamic heating are experienced, heat-re- 
sistant materials are being used more frequently. 
Among these are titanium, precipitation-hardening 
stainless steels, and nickel alloy*. For the next gen- 
eration of air vehicles and spacecraft, refractory 
materials such as beryllium, columbium I niobium ). 
tantalum, and molybdenum will play an increasing 
role. | k.l.mC. ] 

Airplane 

A heavier-than-air machine designed to u*e the 
pressures created by its motion through the air to 
lift and transport useful load". Although airplane" 
exist in many forms adapted for diverse purposes, 
the* all employ power to overcome the aerody- 
namic resistance, termed drag, thereby achieving 
forward motion through the air. The air flowing 
over the specially designed wing surfaces produces 
pressure patterns which are dependent upon the 
shape of the surface, the angle at which the air ap- ' 
proaches the wing, the physical properties of the 
air, and the velocity. These pressure patterns act- 
ing over the wing surface produce the lift force 
that causes the airplane to fly. .SVe Aireoiv.: Wing. 

To achieve practical, controllable flight, an air- 
plane must consist of a source of power for propul- 
sion, a geometric arrangement to produce lift, and 
a control system capable of maneuvering the 
machine within prescribed limits. Further, to be 
satisfactory, the machine should display stable 
characteristics, so that if it is disturbed from an 
equilibrium condition, forces and moments are 
created which return it to its original condition 
without necessitating corrective action on the part 
of the pilot. Efficient design will minimize the aero- 
dynamic drag, thereby reducing the amount of pro- 
pulsive power required for a given flight condition, 
and maximize the lifting capability per pound of 
airframe and engine weight, thereby increasing the 
useful, or transportable, load. 

Aircraft propulsive systems. Figure 1 is a sche- 
matic sketch of the major propulsive systems used 
in aircraft- Because the airplane moves through a 
fluid medium, its propulsive system must produce a 
change in momentum in order to generate the 
thrust force required to overcome aerodynamic 


drag. The reciprocating and the turboprop engines 
produce power by converting the chemical energy 
of the fuel into the rotation of a shaft; the propel- 
ler fitted to this shaft accelerates the air passing 
through it. thereby changing engine power into use 
fill thrust. The turbojet and ramjet produce thrust 
directly by adding heat to the air passing through 
the engines and ejecting the resulting hot exhaust 
gases at high velocity. These engines use the sur- 
rounding air both as primary working fluid and as 
oxidizer to support combustion. 

The rocket is independent of the surrounding air 
The entire momentum change of the rocket i* pro- 
duced by the exhaust gases ejected from the com- 
bustion chamber where they are created hv the 
combustion of a fuel and oxidizer carried with;,, 
the airplane. The fuel and oxidizer may he in the 
form of separate liquid* pumped as required t# 
the combustion chamlnr. or muy he combined j n 
the form of a solid propellant cast dircctlv within 
the chamber. See Rocket engine. 

Figure 2 show's a typical variation of the ihru*i 
produced by each of these systems with forward 
speed. The engine-propeller combination*, al 
though effective at low forward speed*, fall off rap- 
idly a* flight speed" approach the speed of sound 
owing largely to the tremendous increase in pour/ 
required to turn the blade* when "hock wave* form 
at the tip*. The turbojet thrust increase* with speed 
owing to the aerodynamic coinpres-ion. whnh l»r 
comes more marked at the higher speed*. The limi» 
of turbojet operation i* set largely In the cHiuem v 
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r g 2. Typical thrust characteristics of principal types 
at emplane engine. 

i ht* intake svstem. because at the high speeds the 
‘ip«k patterns inav produce unsteady flow and sep- 
jutiwn*. with It rails** th** engine to stall and flame 

•Ml S*r JM'I'I KsdNK mttlsKK. 

IV ramjet cannot produce thrust at low for* 
Mr«l speed* because it depend** upon the existence 
•I appreciable aerodynamic tram I compression. 
'• *1 M.iiMM|ucuce. its use implies the emplosntent 
"I j iMiimter svstem t<» raise the airplane speed to 
*he {mint where useful amounts of thrust can he 
I'MHiured. Owing to improved aemd\namic com- 
the thrust produced inc reases as the ve* 
Wm\ „f flight increases. Because a ramjet is de* 
f„ r maximum performance at a given flight 
'••ndition, its intake design may he such that its 
r *‘n^ of operations is small, mi the curve in Fig. 2 
l“ r the ramjet should not he interpreted as mean* 
that any one engine could produce the range of 
1 r “'t' and velocities indicated, but merely that it 
*' l MWS *hle to design an engine to produce such 
,,r ’H at such a velocity. 

the rocket is essentially independent of 
a P ^fruunding fluid (it does have a slight effect as 
^aek pressure 1, the thrust it creates does 
* r " n *il|, Vfliwilv. 

s> ^' lr ; l '° m Pare* the typical variation of the 
P| *nM * rnnsum P t *° | T Uhat is. pounds of fuel 
pound of thrust produced for an 
11 duration) as a function of flight speed. 
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The table in the graph gives the engine weights per 
pound of thrust. The rocket and ramjet, although 
light, have large fuel consumptions; the heavy re- 
ciprocating engine has the lowest. The designer 
must balance the requirements of speed, range, 
size, and cost to select the power plant best suited 
for the specific airplane design. 

Aerodynamic resistance. Aerodynamic resist- 
ance is composed of four parts: (1 ) pressure drag, 
which arises from the pressure field about the 
bodv: (2) skin friction drag, which arises from the 
viscosity of the air; (3) wave drag, which arises 
from the compressible nature of air. and which oc- 
curs as flight speeds approach and exceed the speed 
of sound; and (4) induced drag, which is a resist- 
ance produced |>\ the generation of lift. 

Skin frit lion. The magnitude of skin friction 
drag depends upon the surface area of the airplane 
and the nature of the flow layer that is in immedi- 
ate contact with it < ser Bnt'NDARY-I.AYhR flow). 
If the boundary -layer flow is smooth and steady 
i laminar), the skin friction generated is much less 
than when this la . ?r becomes turbulent. As the 
flow proceeds along a surface, more and more en- 
crg\ i- lost through viscous action: the result is 
restoration of the energv balance bv the flow be- 
< Mining turbulent. Hence, unless special devices are 
emploved. such as suction slots to remove the low 
energv boundary la\er air before it has a chance to 
be* ome turbulent, the laminar flow will break down 
after it has passed over a sufficient length of sur- 
face. For this reason, on those portions of the air- 
plane where flow initiates, such as the nose and 
wing leading edges, extreme smoothness to mini- 
mize viscous los*.f»«* i< desirable, while further aft. 
where the flow is turbulent, greater surface rough- 
ness can he tolerated 

Pressure drag. If sutheient energy is lost in the 
Imundarv layer, the mnin flow breaks away from 



Fig. 3. Companion of fuel consumptions of principal 
types of airplane engine. 
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Fig. 4. Streamlining minimizes region of separation. 

the surface, forming a region of separation re- 
sulting in cnnsiderablv lower surface pressure* 
than would result in the ideal streamline ease. The 
result is a suction pressure on the downstream por- 
tions of the body giving ri-e to a pressure drag 
This drag is minimized b\ shaping the hod> geo- 
metrically to reduce the separation region to a min- 
imum by giving it a streamlined shape I see Fig. 1 1 . 
!»• modern high-speed aircraft, pressure drag has 
been reduced to a small percentage of the total. 

IT ru e draft. As the llight speed of the airplane in 
creases, there comes a point where the flow passing 
over the upper surface of the wing I where in order 
to create the low pressures nece»sarv to generate 
lift, the local velocities next to the. surface can he 



Fig. 5. The higher the low-speed coefficient of lift, 
the lower the speed at which wove drag becomes ap- 
preciable. 


appreciably higher than the flight speed) rea»h t . v 
the local speed of sound, the speed at which p nv 
sure waves propagate through the air. a Mach rnim 
her of 1. When this occurs, shock patterns hegi„ 
to form. These patterns interact with the l>ouiul u , v 
layer causing premature separation and u smltln, 
drag rise accompanied by a loss of lift (Fig. 5 ) . 
the speed continues to increase, the shock pattern* 
become steady, the how and stern shocks clian^i,,,, 
locution and becoming much stronger until i| in 
become analogous to the surface waves created 
a ship. Like the waves mated by a ship, at s„p rr 
sonic speeds the generation of these shock * ail ., 
represents the mapir contribution to the drag of til, 
vehicle. Srr Akhodynamu wank diiau 

Karlv experimenters discovered that it was p M> , 
hie to delay and alleviate somewhat the drat n>, 
associated with the shock-induced separation- th (1 . 
occur when local sonit speed i< first achie\n) ,u 
some point on the wing surface hv sweeping ||„ 
leading edge of th»* wing with respect to the II. v, 
direction. Ns shown hv Fig. f>. the velocitv jm-i tin 



Fig. 6. Wind velocity component perpendiculcr 
wing span produces lift. 


wing can he con-idned as composed of a <<*n*r 
nent in the spjnwisr direction and a ci>nip , »n' ' 
normal to the span. Onlv this latter coinp'W 
affects the lift ami is subjected to the local «•* * 1 
r rations produced hv the uirfgil shape. As a<cre 
quence. the free stream velorilv mav he ronsid** 
ahlv increased over the valurt that would pr«»do< 
force divergence for a straight wing. As shown ' 
Fig. 7, when the Bight Mach number heroine- sii 
rientlv large, the effect of sWecp tends to vanis 
Area rule . Studies, at first theoretical in nal ,ir ' 
hut taler confirmed by experiment, denion^rJ 1 ' 
that the drag rise associated with the initial f" iw ‘ 
tion and subsequent growth of the shock wave p*‘ 
tern about an aircraft traveling at transonh i,n 
supersonic speeds was a function of the rao 




coefficient of drag C 4 
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Mach number 

Fig /■ In vicinity of the speed of sound, a swept or 
delta wing reduces drag below thot of straight wing. 

change of aircraft rrus— sectional a rra; that if 
ilirrr were abrupt < hanges in the rn »»-**- mm lion a I 
.lira a- one mow* from the* how aft. thr drag i i*c 
.it a given speed would be greater than if the 
,h,mge were tailored to he more gradual. For this 
reason. aircraft are now designed with the fuselage 
-tiape. as well as engim . celle loc ation and shape. 

ananged to produce* the optimum variation of 
. r.iHS'sei I bum I area foi the given design speed, the 
*I-Mgn principle bring termed the area rule l *ee 
Fig. 8l. >Vr TtMN-OMC H.H.IIT. 

Imhmd tlrdfi The final major Ivpe of aerodv- 
resistanee that 11111*1 he* considered aii-e* 
ii uiu the f;nt that, in ereating lift, the wing must 
.mp.ift a downward momentum to the air flowing 
j».i*t. This downward component of the* local veloc- 
iu. termed downwash. rotates the resultant foree 
"f wing in mu h a manner that a component di- 
rected in the downstream duration is t reated. Thi- 
Mimpnrient, which depends dim tlv upon th«* mag- 
nitude of the lift force, is termed the induced diag 
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As shown by Fig. 9. the lift of an airplane wing 
depends upon its shape, the speed of flight, the an- 
gle the wing makes with the free stream, and the 
properties of the* air. These fac tors are all grouped 
in the noiidirnensjonal coefficient of lift Ct which is 
generally presented as a function of thr angle of 
attack. To maintain level flight, the wing must pro- 
duce a lift force ecpial to the weight of the airplane. 
For a given altitude, this implies a low C\ at high 
speeds, hut as the speed is decreased. C\ must in- 
crease if level flight is to he maintained. The pilot 
actuallv controls the speed of the airplane hy 
changing the angle of attac k. 

-\s shown l»> Fig. 10. there is a maximum angle 
of attac k hevoncf which no lift inc rease is experi- 
enced. As this angle is approached, the air in the 
boundary laver next to the surface experiences 
such energy losses that it can no longer flow over 
the wing, hut separates, resulting in a loss of suc- 
tion piessiire* ami a decrease in lift. When there is 
no further increase in lift as the angle of attack is 
changed, the wing is *aid to he stalled. 

Bec ause indue ed drag depends upon the magni- 
tude* of the lift 1 oefhcient. it is of concern primarily 
in those flight regimes where a large lift coefficient 
is encountered relatively low speed or high alti- 
tudes. 'Die magnitude of the angle through whic h 
the resultant force of the wing is rotated is a func- 
tion of the aspect ratio, the ratio of the span to the 
chord of the wing. The higher this ratio, the -mallei 
the* angle. Hem e airplanes designed for flight at 
high altitude or for cruising at relativelv low 
speeds Will have long, slender wings. Plane* de- 
signed for higher speeds will he less affected h> 
the induced drag and will generally have much 
smaller spans to minimize the other forms of resist, 
ance. 

A measure of tin* • Aiciencv of the airframe is the 
ratio of lift to drag tuat it can produc e. To achie ve 
verv low speed-, -pecial devices *ueh a- flap- or 
slots arc used. Filch devices, as well as high lift 
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Fig. 9. lift increases with velocity at a fixed coeffi- 
cient of lift or angle of attack. 



Fig. 10. Coefficient of lift increases with angle of at- 
tack up to stall angle. 


boundary layer control, where the separation of the 
boundary layer is delayed either by sucking the low 
energy air next to the surface away through slots 
or hole* in the surface or by adding energy to the 
layer by blowing into it through slots, increase the 
lift that can be achieved before the wing stalls. 
They are thus useful for the landing and takeoff 
maneuver. This increase of lift is usually accom- 
panied by an appreciable increase of drag and 
hence docs not increase the airframe efficiency. 

Range. The range of an airplane is the distance 
it can travel with a given amount of fuel. The range 
can be expressed as 


„ C V l dm 


where C t is the specific fuel consumption in pounds 
of fuel consumed per pound of thrust per hour, V 
the flight velocity, L/D the lift to drag ratio, and 


dw w a measure of the rate at which the weight 
changes during the flight. 

If the total difference in weight during the flight 
is produced by the consumption of fuel, the teim 
(V fCt) (L 'D) should he maximized. In general it 
is desirable to have a low specific fuel consumption, 
a high speed, and a high LI). Unfortunately, the^ 
factors do not maximize at the same point. With 
reciprocating engine-propeller combination air- 
craft, maximum range could he achieved at the 
speed for maximum L Ih With the advent of other 
forms of propulsion, however, the speed for maxi- 
mum range has increased. With some aircraft it i* 
possible to achieve high range even at supersonic 
speeds, for although A /> is reduced, the increase 
in flight velocity tends to compensate. 

Stability. A necessary element of u successful 
airplane is stuhilitx. the tendency of forces amt 
moments to be set up that restore the machine u, 
its equilibrium position il it happens to he di* 
turbed from this position (see Fi.h;iit <>i*it\< nu 
tsTlcst. As shown by Fig. llfi, for the airplane t,, 
he in equilibrium, the sum of the forces m ting .u 
the center of gravitv niiM equal zero, as mu-t die 
sum of the moments. 

To examine the condition of stability, assume 
that the equilibrium of the airplane is suddmlv 
disturbed in a manner that cause- it to ac« Hei.ii- 
This means that its lift coefficient decreases u r . 
Fig. l it. \ stable airplane would irnrncdiatcb U 
-uhjcctcd to a nose-up moment which would tend 
to increase the lift coeflii ient and redm »• the -pen! 
Similarly a reduction of speed should piodtn* .! 
nose-down moment. Stuhilitx is thti- indii ated b-. 

I lie graph shown in Fig. 1 1/». 

Stability is achieved bv balanc ing the lonlnlu. 
lions of the various portions of the airplane -•» that 



Fig. 11. Condition for tpeed stability in s, '°^ 
flight, (a) Forets on airplane, (b) Stability con it' 0 
for equilibrium. 




efficient o4 pitching moment obout action center C 



.23 .50 .75 

coefficient of lift C t 

Fig. 17. All parts of airplanes contribute to stability, 
but usually chiefly the fail. 

die '•iiintnat ion is stable (Fig. 121. In i onventionul 
nmfigurations major stabilizing contribution 
from tin* tail, but b\ careful design failles 
nr tail-first ((Canard) configurations are possible 
• Fig. 13 ». Ihvause the balance is achieved for mo* 
rm-rifs about the renter of gravity, the location of 
iln- point is important. Its position depends upon 
ihe load condition and can change in flight as fuel 
i* iimsiinied or as disposable load i** dropped. The 
,iii plane must be designed so that it is stable 
throughout the entire range of « enter of gravity In- 
■ jtions enc muttered in service. 

Controls. An airplane mils! also be controllable. 
IV major aerodynamic controls are demonstrated 
m f ig. 1 1. The angle of flight, the angle of atta< k. 
uul consequently the speed in level flight are run- 
tmlled bv the elevators. Deflecting these surfaces 
liuwnward increases the lift of tbr horizontal tail 
1 1 list a* flaps increase the lift of the wing! and 
lienee causes the airplane to no«e downward. An 
•iphard deflection produces the opposite effect. 

l ateral control is achieved b> the differential ac* 
H"n of the ailerons. One aileron goes down, increas- 
es the wing lift on that side, the other goes up, re- 
‘bn ing the lift on that side. The effects couple to 
1 ‘phJuip a rolling moment thut tilts the wing. The 
■“^rons are used to turn the airplane bv tilting the 
"mg lift and producing a component normal to the 
^fdil path which tends to curve it. 

flcrasionally the ailerons will he replaced bv a 
spoiler, a device which projects upward on the 
<l'iwn-g<e.)g wing, thus producing separation and 
during lift. The spoiler ma) be used for several 
r * ,a,< i ,nv ^ reduces the twisting moment, which for 
t,n a 'irron ran he so great that the torsional resist* 
an,# * ^ wing is exceeded, causing it to rotate 

an thereby changing the angle of attack (see 
^. Ro V‘ AV,,r,T Y !• The up-going aileron, instead of 
U|, * n * l ^ c lift, can produce such a change in an* 
e °* attack that the control action is reversed. A 
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spoiler is also used to overcome adverse yaw, the 
tendency of the higher lift on the up-going wing 
to produce an increased induced drag on that side, 
tending to turn the airplane in the wrong direction. 

The vertical tail provides directional stability. 
The rudder is used to prevent the airplane from 
slewing, or picking up too large an angle of side 
slip during maneuvers. Although the airplane could 
be turned with the rudder, such a maneuver would 
be uncomfortable and the ailerons are always used. 
If the vertical tail were large enough to prevent 
slewing h> itself, the rudder could be eliminated 
and a two-control machine built. 

Structures. Airplane structures are designed so 
that no stress exceeds the proportional limit if the 
airplane is maneuvered over its full range of speed 



* c > 

Fig. 13. Conventional airplane (ol achieves stability 
through use of tail, but <t>) stabilizing fins can be 
ahead of wing, or (c) may be unnecessary depending 
on design. 
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Fig. 14. Basic controls and control surfaces. 


and design accelerations; the ultimate stress is not 
exceeded even if the structure is subjected to one 
and one-half times its design load. See Fuselage. 

The efficiency of design is measured by the 
strength produced for a given weight. The major 
structural problem is the design of the wing. Aero- 
dynamic considerations demand that the wing 
thickness be kept small with respect to the wing 
chord. The airload is distributed along the wing, its 
magnitude and shape being a function of the ma- 
neuver under consideration. The wing may thus be 
considered as a long slender beam subjected to 
loads that may total several times the weight of the 
aircraft. Because the depth of the beam (airfoil 
thickness ) is small, the outer fiber stresses are 
large. See Wing structure. 

One solution to the problem of high bending 
stresses is the biplane, where the upper and lower 



externally braced monoplan* 

Fig. 15. Conflicting requirement* of strength and 
light weight govern airplane structure. 


wings, which are connected by struts and wires, act 
as the flanges of a beam having a depth equal to 
the separation between the wings. Another solution 
is the use of a pin connection at the wing root and 
an external strut (Fig. 15). 

High performance airplanes cannot afford the 
drag penalties of such solutions and must employ 
cantilever wings. Owing to the high bending and 
torsional stresses encountered, this implies & 
stressed skin, or outer covering of the wing. The 
skin may be thin, supported bv many stringers, or 
relatively thick with fewer longitudinal members. 
Ribs along the span aid in distributing loads arid 
in reducing column action in the stringers. 

High flight speeds demand smooth skin surface*. 
These are sometimes produced by using skin 
milled from metal blocks rather than sheet. Two 
thin sheets bonded to a low-density core form a 
sandwich, a type of construction frequently used. 

Aircraft flying at high speeds encounter high 
temperatures owing to the high aerodynamic com- 
pression that occurs at the nose and the leading 
edges of the wings. At high Mach numbers thru* 
temperatures become sufficiently high to miu»»* 
the strength of aluminum and its alloys, so other 
materials such as stainless steel are sometimes ii^pd 
in these areas. When flight speeds become so high 
that the temperature rise affects the characteristic 
of steel, it may be nece«sar\ to employ cooling in 
the sensitive areas. .See Fuselage. 1 1>.« . 11 . : 

Bibliography : D. O. DommuM'h. S. S. Sherln. 
and T. F. Connolly. Airplane Aerodynamics, 1%1. 
D. J. Peerv, Aircraft Structures, 1950 ; C. D. Per- 
kins and R. E. Hagr. Airplane Performance Stahl 
ity and Control . 1949. 

Airport engineering 

The planning, design, and construction of faoilitip- 
providing for the landing and take-off. loading and 
unloading, servicing, maintenance, and storage <>f 
aircraft. Since airfields may often be considered a- 
self-rontained communities, the field of airport en- 
gineering requires the technical knowledge and 
diversified skills of many branches of the engineer- 
ing profession. Three major phases of airport dc- 
>elopment are planning, design, and construction. 

Airport planning. Prior to initiating detailed 
design, a study is made to determine cominunit' 
airport requirements. Some of the factors consid- 
ered arc the size and character of the community 
area to be served and the local ip n of existing and 
proposed civil and military airfields, air routes, and 
navigational aids. The community’s needs, desires, 
and attitude are ascertained and considered. Local 
legislation, as it pertains to land acquisition, ex- 
penditure of public funds, zoning, and the like, is 
analyzed. Long-range trends in air transportation 
can have a material effect on airport planning <teci- 
sions. Ti?e Airports Division of the Federal Avia- 
tion Agency or FA A (formerly the Civil Aeronau- 
tics Administration or CAA) has established the 
National Airport Plan, published annually* 
specifies general location and type of development 
considered necessary to provide a system of public 



ports adequate to meet the anticipated needs of 
,.jvil aviation (air carrier service and general avia- 
tion). Existing airports are listed only when they 
m , r i location requirements and are capable of 
[wing developed. 

The four air carrier service categories are defined 
tt .s follows: 

]. bocal: Airports to serve on local service 
routes providing service in the short-haul category 
normally not exceeding 500 miles. 

2. Trunk: Airports to serve on airline trunk 
routes and engage in intermediate length hauls nor- 
mally not exceeding 1000 miles. 

3. Continental: Airports serving long nonstop 
flights, exclusive of coast-to-coast, normally en- 
urrlv within the confines of the c ontinental I’nited 
States. These airports serve nonstop flights up to 
2000 miles. 

I, Intercontinental: Airports to serve the longest 
range nonstop flights in the transcontinental, trans- 
oreanic. and intercontinental categories. 

Airport design. The foremost consideration in 
the design of an airport is the selection <»f u suitable 
Min-truction site. Where possible, several potential 
oto aie c onsidered. Adequate size is required to 
ill«>w for ultimate development requirements, in- 
•'hiding land acquisition f »r protection of runway 

[ipruaihes and for buffer zones. 
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Site locations having a high incidence of low- 
visibility weather are avoided. Flat areas requiring 
excessive drainage and hilly land requiring a large 
amount of grading are less desirable than free-drain- 
ing. rnoderutely rolling terrain. Preliminary sub- 
surface exploration to determine the geological 
character of each site is necessary to avoid high de- 
velopment and maintenance costs. Aerial photore- 
connaisance of possible sites, together with expert 
photointerpretation, is an important tool utilized in 
*ite selection. Relative costs of providing necessary 
utility services, such as water, sanitary sewers, gas. 
electricity, and communications, are also consid- 
ered. Access to the site from the center of popula- 
tion to be served is made as convenient as possible 
in order to minimize the time required for passen- 
gers If* reach the airfield. The effect of noise on 
adjacent communities is an important factor. 

Following the site selection, a master plan lay- 
out is prepared showing the relative location of run- 
ways. taxiway*, aprons, control tower, hangars, ter- 
minal building, access roadways, parking areas, 
and other revenue-producing facilities. The ulti- 
mate development is often subdivided into suit- 
able Mage?* of construction, such that the comple- 
tion of each stage will provide a complete and us- 
able facility adequate to meet the needs of the area 
to lie served. 


FAA standards 


vi \ ice ( lategnry 

Secondary 

1-rfK ill 

Trunk 

Continental 

Intercontinental 

1 Ititivc length nf runway*' 1 

1.6(H) 

3.201 

4.201 

6.001 

7.501 


3.2imi ri 

1.200 fl 

0,000 ft 

7.500 ft 

10.500 ft 

Piwmcnt loading ♦xpiivalcnt 

single- wheel load) 6 


30.00(1 Ui 

00,000 lb 

75.000 lb 

1(H). (100 lit 

Minimum width 

lauding strip' 

250 ft 

too I t 

300 ft 

500 ft 

500 ft 

Huhwjivh 

75 ft ( max » 

loo ft 

130 ft 

150 ft 

150 fl 

1 t\iwass 

to ft < max 

50 ft 

75 ft 

75 ft 

75 ft 

M.ixiimim grade 

Effective* 1 

i -W 

1 < ’ 

v< 

v< 


IcugifuditmT 

or* 

- c 

13- , 

l..V‘( 

i.3 ( ; 

i.5<; 

I rnnsv cr>W 

I..V, 

1.3‘r 

i.3 f i 

i.3'-;. 

1.5 r r 

Minimum rlenr.ince* between center lines 

IMi.illel nmwa\s ( 1 FR 

3.IHH) n 

3.000 ft 

3.000 ft 

3.000 ft 

IMr.illi'l runways (N FR >* 

300 ft 

300 ft 

300 fl 

7(H) ft 

700 ft 

Ihimvav and laxiwa) 

130 ft 

230 ft 

V00 fl 

4(H) ft 

too ft 

Rnritllef taxi ways 

1(H) fl 

200 ft 

300 ft 

300 ft 

300 ft 

hixiway to apron edge 

too ft 

173 ft 

250 ft 

230 ft 

250 ft 

Inxiwuv to obstruction 

75 ft 

100 ft 

200 ft 

200 ft 

200 ft 

Huiiwity to building line 

730 ft 

750 ft 

750 ft 

75(1 ft 

Huiiwuy to building line ( V FR )* 250 ft 

500 ft 

750 ft 

750 ft 

750 ft 


aS ftrvice category length range computed for sea-level elevation and 0 r i effective runway gradient, includes 
ninsny length adjustment for standard 59* F temperature + il°F. Airports with runways less than 3,201 ft are 
n<, t for air carrier service. 

Equivalent single-wheel loadings are maximum for each category. 

traded area upon which the runway is centered and which extends at least 100 ft beyond each end of the 
runway. 

Effective runway gradient equals the maximum difference in runway center line elevation divided by the 

, 1 ru nway length. 

* t longitudinal taxiwuy grades may go to 3% for Secondary and lineal; 2 r ; for Trunk and larger. 

2r fpreentagea shown are for pavement. To improve drainage, slopes on unpaved areas may lie increased to 

* ll'n* 11 distance of 10 ft from pavement edge. 

* ver 8tjm ds for Instrument Might. Rules. 

■'ll stands for Visual Might Rules. 
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Runway lengths are based on the planned cate- 
gory of the airfield and the types of aircraft antici- 
pated. The FAA standard dimensional criteria 
shown in the table are adhered to in the layout of 
the various facilities. Air traffic forecasts, made dur- 
ing the planning stages, will determine the need for 
dual or parallel runways. See Runway, airport. 

Taxiways usually parallel each runway. They 
connect at each runway end and at high-speed 
turnouts at two or more intermediate points. These 
permit aircraft to exit from the runway as soon as 
possible after touch-down, thus minimizing head- 
way required between landing aircraft. Taxiways 
connecting runways to the aircraft parking apron 
are arranged to minimize taxiing time. 

Parking apron size and configuration of aircraft 
parking positions are studied to assure maximum 
capacity and minimum congestion. The apron lay- 
out studies are integrated with those of the termi- 
nal building so that passengers, baggage, and 
freight can move to and from parked aircraft expe- 
ditiously. 

The terminal building, the control tower, aircraft 
hangars, and service buildings are located in 
proper relation to the airfield and to each other. 
Area allocations for commercial air carriers, gen- 
eral aviation, and cargo services are located so 
as to avoid congestion and interference with each 
other. 

The grading and drainage of an airfield area is 
important and expensive; however, careful design 
ca»“? achieve major economies. The slope of the run- 
way centerline is restricted, and transverse slopes 
off runways and taxiways must be relatively flat to 
minimize damage to erratically performing air- 
craft. Drainage ditches and headwalls are not con- 
structed within the landing strip limits nor imme- 
diately off runway ends. The grades. in turfed areas 
slope away from paved surfaces toward drainage 
structures which conduct the water into under- 
ground pipes and discharge it clear of the landing 
area. 

The design of the airfield drainage system is 
based mainly on the rainfall intensity and fre- 
quency and on the ability of turfed areas to absorb 
rainfall. Where high ground water is encountered, 
porous or perforated pipes are often provided for 
lowering the level of the subsurface water. This en- 
sures the stability of the subgrade material support- 
ing the pavement. 

Airport pavements are designed to support air- 
craft wheel loads and to provide an even, nonskid, 
lasting surface, free from loose particles. They 
should require a minimum of maintenance and re- 
pair. The two basic pavement classifications are 
rigid and flexible. Rigid pavements are generally 
composed of rectangular slabs of portiand cement 
concrete interlocked by keys or steel dowels and 
supported on a well-compacted thickness of granu- 
lar subbase material. The flexible type consists of 
bituminous surface courses on compacted granular 
base and subbase layers. The type selected for a 


particular site will depend on material and equip, 
ment availability, cost, existing soil conditions, ami 
operational considerations. 

Airfields require the provision of utility service,, 
such as water, sanitary sewers, and electrical puw<>r 
supply. Where existing services are remote, it may 
be more economical to provide self-sufficient 
systems. Underground, high-speed fueling systems 
delivering aviation fuels directly to aircraft on the 
apron are installed at larger fields. For discu*ajn n 
of airfield lighting see Runway, airport. 

Airport construction. Large quantities of earth 
must usually be moved in constructing an airfield 
High-capacity equipment, such as 20-35-yd 3 cam 
ing scrapers, IS 2fcyd' 1 dump trucks, and powerful 
200-hp diesel-driven tractors and bulldozers are re- 
quired. Earth embankments are normally placed in 
thin layers, and each layer is compacted by heaw 
50- 100-ton rollers before placing the next layer. 

Adequate compaction of backfill in utilitv 
trenches and of embankments under airfield pa-,e 
ments is of critical importance to avoid settlement 
Construction of both flexible and rigid airfield pav»>. 
ments requires that the pavement suhgradr l» 
properly placed, compacted, and brought to true 
section. The pavement surface is finished to exuri 
ing tolerance since even the slightest iinevenn^ 
is hazardous to high speed aircraft. | it.A.fK 

Bibliography: E. E. Seclye, Data Book for Cm, 
Engineers , vol. 1. .'Id ed., 1050; USCAA. Airport 
Drainage , 1956; USCAA. Airport Bating 19,7). 
USCAA, Airport Planning , 1952; USFAA. Airpor 
Design , 1961; USFAA, Airport Terminal Ihuh 
ings , 1961; USFAA, Standard Specifications hi 
Construction of Airports . 1959; U.S. Departnurf 
of the Army. Roads and Airfields , Terhmul 
Manual 5 -250, 1957; U.S. President, report hr 
(E. P. Curtis Co. ), National Requirements ter 
Avialion Facilities Z956--75, 1957; N. D. Van Sickl* 
(ed.). Modern Airmanship , 1957. 

Airport surface detection equipment 

Equipment used for the observation of the p«»*i 
tion of aircraft and other vehicles moving on 
surface of the airport. 

Equipment of this type has been developed in a 
number of forms. In the simpler form, pneumatu* 
tubes with switches at their ends have been in 
stalled at certain points along ihe runways and 
taxiways to signal the presence and movement 0 
aircraft and vehicles to the Airport controller. 

High-definition radar is alio used. An advantapr 
of radar is that it shows the location of an aircraft ; 
at all times and is not dependent on the airrra t , 
movement. One of these radars operates at a wave j 
length of 1.25 centimeters, fulse lengths of 
0.015 to 0.08 microseconds have been used- 1 
this radar, it is readily possible to discern the on 
line of runways and taxiways and to locate vena ^ 
moving on them. The disadvantage of the 
that the effect of precipitation is appreciable. * 
it does not lend itself readily to the addition 0 
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Photograph of display of airport surface detection 
radar. Note outline of aircraft on runway. (From P. C. 
Sandretto , Electronic Avigation Engineering, Interna- 
tional Telephone and Telegraph Corp., 1958) 


helium with gases of ordinary purities). Helium 
is the safer to use because it is nonflammable and 
inert, in contrast to hydrogen’s flammable charac- 
teristics. Although hydrogen offers only about a 
10% increase in lifting ability, its use can result in 
a sizable payload increase of 30-50% because the 
payload itself is only 20-30% of the gross static 
lift. The extreme flammability of hydrogen and the 
availability of helium in large quantities at ac- 
ceptable cost in the United States, however, has 
generally eliminated the use of hydrogen in pas- 
senger-carrying vehicles. The greater utilization of 
the dynamic lifting ability of the airship by means 
of a taxi run before take-off has also reduced the 
lifting or payload penalty which might be attrib- 
uted to the use of helium. This principle of aero- 
dynamic lift has proved so useful that considera- 
tion is being given to the use of shapes other than 
the prolate ellipsoid for greater aerodynamic lift. 

Hull. Two fundamentally different designs have 
been successfully used for the hull of the airship. 
One emplovs a nonrigid or pressurized, gastight, 
fabric envelope made of several layers or plies of 
impregnated cloth, and depends upon the internal 
pressure to enable it to take compressive or bend- 


tomatic block signaling and control. See Naviga- 
tion mmi-ms, u.M ruoNit ; Kauah. [ i\c.s. 1 

llibliogntphy: 1\ C. Sand ret to. Electronic Avi • 
nation Engineering, 1 

Airship 

\ propelled and steered aerial vehicle, dependent 
ga*es for flotation. An air-hip. or dirigible bal- 
loon. is composed primarily of a streamlined hull. 

a prolate ellipsoid which contains one or 
more ga* cells, fixed and movable tail surfaces for 
M»ntro|, a car or cabin for the crew or passengers, 
an*! a propulsion system usually utilizing propel- 
l*‘ r '*• ( Fig. 1 ) . 

Lift. An airship achieves most of its lift from 
tin* ligbter-lban-air gas it contains, but additional 
lift is also obtained from aerodynamic forces act- 
ing on the vehicle when it is moving through the 
^ir at an angle of attack (angle between the axis 
"f the airship and the flight path \ . 

IV two most frequently used airship gases are 
hulrogen and helium; hydrogen gives the greater 
lift f about 68 lb/1000 ft* versus 62 lb/1000 ft 14 for 




Fig. 2. Rigid airthip USS Akron, built in 1931 for 
United States Navy. 


ing loads. The other utilizes a rigid structure 
(Fig. 2). Materials include metal, wood, or plastic, 
covered with a doped fabric. The rigid hull does not 
depend upon internal pressure for strength and sta- 
bility. The fabric pressure-type airship is com- 
monly called the blimp (Fig. 3). The one using 
rigid components for the hull is sometimes called 
the dirigible. 

Besides the two major design concepts, rigid and 
nonrigid. there are also some variations which have 
not been used to a great extent. One of these, the 
semirigid airship, employs a nonrigid or pressure- 
stabilized bull which supports its major loads by 
the use of a rigid keel-like structure which runs 
the length of the hull at the bottom. Car loads are 
transmitted to the envelope through this keel. A 
further variation of this concept is the utilization 
of the extra-long car which tends to serve the same 
purpose. This car may be rigid or articulated to 
yield with the fabric envelope. Another concept 
is the metal-covered pressure-type airship, rein- 
forced internally by a few transverse rings and 
light longitudinal stiffeners. In this ship, internal 
pressure, maintained by means of fabric ballonets, 
is required for full flight operation. 
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Characteristics of airships 


Airship 

Date 

built 

Lifting 

gas 

Gas 

volume. 

ft* 

length, 

ft 

Di- 
li meter, 
ft 

< irons 
lift, 
lb 

Kh- 

gines, 

no. 

Total 

Rigid airships 
Shenandoah ZR-I 

1Q23 

Helium 

2.IUMMI0 

680 

79 

127,000 

5 

1300 

British H38 ZR-2 

1921 

Hydrogen 

2.760.000 

tm 

83 

178.000 

6 

21 00 

Los Angeles ZH-3 

192 1 

Hydrogen. 

2,600.000 

660 

91 

168,000 

3 

2000 

Akron ZRS- 1 

1931 

helium 

Helium 

6.830, 0(H) 

783 

133 

133.300 

103,000 

8 

1180 

Macon ZRS-5 

1933 

1 ielimn 

6.830,000 

783 

133 

103.000 

8 

1480 

Graf Zeppelin I ./-1 27 

1928 

Hydrogen 

3.900,000 

776 

1(H) 

260.000 

3 

2800 

Hindenhurg I7-12 1 ^ 

1936 

Hydrogen 

7,060.000 

811 

133 

133.000 

1 

1 100 

Nonrigid airships 

ZSfi-l 

1933 

1 Ielimn 

527.000 

266 

69 

32,000 

o 

1100 

ZS2G-1 

1931 

Helium 

630,000 

283 

68 

39,000 

2 

1 100 

ZPG-2 and ZPG-2W 

1933 

Helium 

973.000 

3 13 

73 

58.600 

2 

1 too 

ZPG-3W 

1939 

Helium 

1,163.000 

103 

83 

83.000 

2 

23 'id 


Some of the major airships are listed in the table 
with their prime characteristics. 

Aerodynamics of airships. One major feature of 
an airship is its ability to remain aloft for long pe- 
riods of time. Because of it'* *ize and load-tarry- 
ing ability, it is logiral that the airship t an carrv 
a large fuel supply for its propulsion *v*tem. How- 
ever, because of the low drag, the airship can main- 
tain headway with a small amount of power and 
meager consumption of fuel a*, long a'* it depend* 
primarily upon its buoyant lift. The airship shape 
has low Mirface-area-volume ratio so that it can 
contain a large gas supply and offer small fric- 
tional resistance to motion through the air. It ap- 
pears that the length -diameter ratio of this shape 
can change from 5 to 7 without *uh*tantia)lv af- 
fecting the hull drag of the airship, and because 
of this the specific *hape is often dictated more hv 
structural limitations than by aerodynamics. r*u- 
ally the rigid airships had the largest ratio*, and 
the nonrigid or pressure type* u*ed smaller ours. 
Cylindrical .section* sometime* found in airships 
were often the result of economical construction 
considerations or growth after the original de-tgn 
was built. The air resistance or drag is ex pressed 
as 

L) - UC,, P i-r 2 '« 

where D i* drag. C f , drag coefficient, p air density, 
r velocity, and V volume f of envelope ) . 

The volume to the r. power is used as the area 
term instead of the surface area, projected plan 
form, or cross-sectional area as often found in aero- 
dynamics of airplanes. This has been chosen be- 
cause the volume is an important factor and thi* 
formula tends to he more representative of the vari- 
ables to be considered. Care should be taken, how- 
ever, in comparing coefficient values from different 
sources to be sure that the values are based on the 
same characteristic areas. 

Airship drag may be obtained from full-scale 
deceleration or towing test*, wind-tunnel tests on 
models, or by mathematical calculations. Wind- 
tunnel tests, which are usually one of the aerody- 


numici*t'* iuo*t convenient tool*, ran be u*ed vw ith 
reasonable *ucce** if great care i* taken to um- 
*ider the mans factor* whi«h tend to di*torl tin- 
data. The data mn> he in error because «•! the vjiu- 
tion of Remold* number with *i/e and the mfn 
ferente between model, support*, ami the wind hm 
net it*elf. .See Wind ii nsh.. 

The major drag « ornponent* of the air*hip ,«n- 
the hull, the tin ami rontrol *urta< e*. the * • >r>tr..l 
car. and propulsion *\*tem. \* an j p|>io\mMi<- 

ba*i* of cornpari*on it can be a-*uined that the hull 
contribute* about two-third- ami ea« h of the nlhi-r 
component* contribute* about niir-*i\th ol tin- 
drag. 

When the drag coefficient <>f the air*hip i- krimwi 
it i* possible to detennine the velncitv for ativ po i 
tirular amount of power u*ed. or tomewb. llu 
amount of power retpiired to travel at an\ d«-mtl 
velocity. The following formula i* u*ed 

2v 

where /* i* power and yj i* propeller eflicienrv. 

When the air*hip move* through the air with it' 
longitudinal axi* at an angle with ie*pe<t to it- 
flight path, dvnarnie lift i* produced whnh a« t* 
norrnal to the flight path. A positive angle of at- 
tack and resultant positive lift is u*cd when the 
air*hip operate* in a heavy condition, that is, when 
it* weight is greater than the buoyant force of it-* 
lifting ga*. Most presort -type airships operate 
heavy during the majority of their flight and espe- 
cially at take-off when they are t arrying the 
mum fuel load. A taxi run simitar to that used In 
airplanes creates the necessary^ velocity required 
to produce control and dynamieilift. If die airship 
is light, it can use the dynainjh>lifl principle to 
create a downward force merely |>y assuming « 
alive angle of attack. This is useful when superheat 
gives extra lift to the gas or when fuel or hallfl*-* 
has been used or dropped. The formula for deter 
mining the weight an airship can carry is 

L - MCtjPV*'* 




pig 3. ZPG-3W nonrigid airship for alrcraft-early- 
rformng service. 


wher** L i- or heaviness. An airship with a 
1 nOO.OOO-ft 1 envelope ran readily < an\ load** moir 
liun 5 ton-' above it** buoyancy capability hv mean*. 

,,i ilvnuinie lifl- 

H, .,. a ,isr of it- length, when an air-hip make- a 
,, rn< t |,r angle i>f attack of the tail i- actuallv 

I, iter than that of other portion- of the -hip. This 
r.iko-lhe tail surfaces extremely effective. In spit,* 
M their large -i/e. modem airship- u-uallx have 
-ndi. control to permit them to make a mm in 
.. rulin'* of approximately * 1.5 time- their length. 

Mooring or ground handling. Kailv air-hip- 
,„ f ,. m .ned around on the ground h> ground • revx- 
l fiumv men who pulled on handling lilies or lail- 
... |,| ( i\e the air-lop in or out of its hangar or up to 
.!- mast. Air-hit*- with lever-ible-pilch propellers 
tid, (| the ground « rew immeasiirahlx in -lopping 
;i.r iitngirndina) iiioxement of the air-hip. In the 
j and the Mm on. the propeller- i mild al-n he 
.\M\rled ( H) : -o that the\ e.mld produce vertical 
a- well. The exten-ive u-e of dynamic lift 
.,■ 1.1 the irxet-ihle propeller pet mil- the air-hip to 
Sj"d heaw and -top it- own forwaid roll. At thi- 
I'D’.iii. instead of ground crew-, two giotmd-han- 
•!hn l r vehicle- take over the handling line- and 
oinxe the air-hip to it- stationary or mobile tna-t 
■Kin. D. The-e vehicle- are highly maneuverable 
and are equipped with a winch, the cable ten-ion 
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of which can be regulated to simulate the feel of 
the older rnultiman ground crew. 

fly holding the airship at the nose or some other 
forward point it is possible to Jet it weathervane 
into the wind, thus resulting in the lowest stresses 
on the airship structure. Kven though this method 
is u-ed extensively and has proved to he sati-fae- 
lorx. the weather still acts on the unhangared air- 
ship, necessitating special attention to various 
problems such as kiting and snow and ice removal. 
Kiting is the air-hip’s tendency to raise its tail 
while at the mast a- a result of winds and gusts. 
Speriul antikiting device- are sometimes ti-ed to 
hold the tail down, or a pilot may he assigned to 
flv at the rna-t and attempt, by movement of the 
control -urfaces. to minimize the tail movement. 
Air-hip- in flight do not encounter much trouble 
from -now. However, if the airship is masted out. 
-now- -ettling on it- top ran add considerably to 
its weight. Thi- can result in an overloading of the 
landing gear or even in sufficient upward movement 
of the center of gravity to cause an unstable rolling 
tendency. The air-I Ip- mu-t therefore he kept rea- 
-onahly clear of -now load: sometime- thi- is best 
done by flving the air-hip. 



Fig. 5 Airship hangar ci Akron, Ohio. 


The air-hij* hangar, or dock, is a large elongated 
structure with no internal support-. Doors at the 
ends open the-e entire wall- to permit entrance and 
exit. The hangar in Akron. Ohio, one of the large-t 
-tructure- of it- type in the world, cover- a ground 
area of .164.000 ft" and i- 211 ft high (Fig. Si. 
Thi- one i- of all--teel construction ; however, a 
number of -mailer wood hangars also have been 
built. These hangars are u-ed primarily for erec- 
tion and overhaul of the aii-!»ip; the outdoor mast- 
ing de-i libed above is the common method of park- 
ing airships. 

Airship uses. Although rigid airships gained 
great popularity as commercial passenger-carrying 
vehicle- the Orman Graf Zeppchn and Himirn • 
burfi are the two best examples of this the non- 
rigid air-hip ha- been employed primarily in the 
United States a- a military vehicle, where it has 
e-tahli-hed an excellent safely record. The onlv 
commercial operations are on a -mall scale and are 
primarily conducted for advertising purposes with 
the small l.-iype blimp. 

The military uses of airships during world 
War II, in which blimps were employed, consisted 
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primarily o( patrolling, submarine hunting, and es- 
cort duty to surface-vessel convoys. With the in- 
crease in the development of electronics, the air- 
ship became a flying electronic platform for use 
primarily as an antisubmarine warfare mobile sta- 
tion, and as an aircraft early-warning vehicle. The 
ability to make the envelope transparent to radar 
permitted the placement of exceptionally large air- 
borne antennas inside the gas space, using the air- 
ship envelope as a radome without an increase in 
drag or decrease in performance of the airship. 

Besides being a good communications relay sta- 
tion. the airship also showed its ability to tow 
heavy loads, to lift bulky objects, and to be opera- 
tional for extended periods of time in all types of 
adverse weather. 

If needed, airship capability could be extended 
with nuclear power. A ship of 4.500.000 ft 3 would 
provide range, endurance, and load-carrying abil- 
ity in excess of anything yet considered for pres- 
sure-type airships. Even larger ships could be built 
if they were needed. See Aerostat. 

[k.ar.; r.s.r.1 

Bibliography. L. Bairstow. Applied Aerodynam- 
ics , 1920; C. P. Burgess, Airship Design , 1927; 
M. J. B. Davy, Aeronautics , Lighter -Than- Air Craft , 
1950; W. F. Durand (ed.). Aerodynamic Theory , 
vol. 6, 1934-1936; E. J. Kirschner, Zeppelin in the 
Atomic Age t 1957 ; P. W. Litchfield and H. Allen, 
Why Has America No Rigid Airships ?, 1945. 

Air-speed indicator 

A device that indicates a value of air speed known 
as indicated air speed. Indicated air speed is 
based on standard ground-level conditions of air 
density at a pressure of 29.92 in. of mercury and 
at a temperature of 59°F. Indicated air speed,, 
which differs from true air speed, is required by 
the pilot to indicate safe flying speed, since stall- 
ing speed is nearly the same indicated air speed 
at all altitudes. The indicator is a pressure gage 
calibrated In knots. The impact pressure from the 
pitot tube is fed to a diaphragm capsule, which is 
located in a pressure-tight container. The container 
is kept at outside air pressure by the static pres- 
sure tube. The diaphragm capsule expands and 
contracts according to the difference between pitot 
and static pressure, and drives a mechanism which 
positions an indicator as shown in the illustration. 
See Air-velocity measurement. ^ 

True air speed is the speed of the airplane rela- 
tive to the air. It can be obtained from indicated 
air speed by the application of a correction for 
deviation of the ambient air density from the 
standard value used in defining indicated air speed. 
Ground speed can be obtained from true air speed 
if the speed and direction of the wind are known; 
their effect is added vectorially to the true air 
speed. 

Computers of true air speed are available in both 
the slide-rule and automatic types. 

Machmeters replace air-speed indicators at 
transonic and supersonic speeds. They indicate the 
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Internal mechanism of an air-speed indicator. 

Mach number at which the airplane can be *nfe|\ 
flown at a given altitude. Also, the true air speed, 
computed automatically when needed, is derived 
more simply from the Mach number. 

The Mach number is the ratio of the true air 
speed to the speed of sound at the ambient air tem- 
perature. At subsonic speeds. 

M 2 = 5(/7p) 2/T - 5 

At supersonic speeds. 

P/p = 166.92 A/ 7 / ( 1 M 2 - no- 
where M is the Mach number, and P/p is the ratio 
of the absolute pitot pressure (total impact pres- 
sure ) to the static pressure. 

The indicator must he designed to measure the 
ratio P f p. The Maehmeter has an airtight cbm* to 
which the static tube is connected. It contains two 
pressure elements, one evacuated so as to respond 
to the static pressure, und the other connected t«» 
the pitot tube. The latter element deflects propor 
tionally to the pressure difference P — p. The 
mechanism of the instrument combines the output 
of the pressure elements mechanically to obtain an 
indication of the Mach number [w.c.b.I 

Air-velocity measurement 

The measurement of the rate of displacement of 
air or gas at a specific location, for example, wind 
speed, air velocity in the test section of a wind 
tunnel, the air speed of an aircraft, or the air ve- 
locity produced by a fan or blower in air condi- 
tioning. Velocity indicates the magnitude and di- 
rection of the flow rate; the latter is usually meas- 
ured separately. To obtain the total flow, as re- 
quired in pipes or conduits, integration of the 
velocity over the cross sectiort is required, or an- 
other method of measurement is used. See Air- 
speed indicator; Flow measurement. 

pitot pressure 



ring of holos 


Essentials of pitot-static tube. 
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Three primary methods are used in measuring 
tf ir velocity. These methods and the instruments 
whit'h make use of each are listed below. For dis- 
cussion of the four anemometers, see Ankmomf.ter. 


Method of measuring air 
velority 

Pressure on an element in 
the airstream 

Speed or number of revolu- 
tions of a rotating ele- 
ment in the airstream 

Effect of velocity on a 
heated clement in the 
airstream 


Instruments 
Pitot-static tube 
Venturi tube 
Bridled pressure plate 

Cup anemometer 
Vane anemometer 
Propeller anemometer 

Hot-wire anemometer 
Kata thermometer 
Heated thermocouple 


Pitot-Static tube. These are widely used in wind 
tunnels and on aircraft to measure air speed. The 
open end of the tube heads into the airstream to 
develop a pressure above static pressure called vc- 
iocity pressure. The total pressure is the impact 
pressure. The pitot tube is walled off a short dis- 
tance behind the open end, except for a tube con- 
nected to a pressure gage. Small holes are drilled 
in the walled-off section, or static tube, about 10 
tube diameters from the pitot-tube opening. The 
hack end of the static tube is closed off except for 
another tube connecting to the pressure gage. The 
relation between velocity t/, pitot pressure p, and 
the -latic pressure />n is. for velocities below sonic. 


p-po-po [(l+0‘-l] 

where p is the air density at pressure pn. 

In aircraft the pitot has drain holes for rain and 
the entire tube is heated electrically to prevent 
icing in flight. 

The pressure gage in aircraft is calibrated in 
nnits of indicated air speed True air speed re- 
quires an additional correction for air density. In 
wind tunnels a water manometer is generally used 
at low speeds and a mercury manometer at high, 
to measure the velocity pressure, from which air 
speed can he computed. See Pitot tube. 

Venturi tube. This has limited application in 
measuring gas velocity in industry, and none in 
aeronautics. A reference pressure is required, 
either static or pitot pressure. The tube is open 
at both ends and reduces in diameter sharply 
tort smoothly from the end that heads into the 
airstream. The original diameter is recovered 
smoothly at the rear end. The rear section is three 
or more times longer than the front. Suction is de- 
veloped at the constriction and is measured by a 
pressure gage connected to it by tubing. The pres- 
< mrc gage is also connected to a static or pitot 
lube. The differential pressure measured is a func- 
!* on of the velocity and also of the air density, 
venturi tubes must be calibrated. See Venturi 

Tl’BK. 


Bridled pressure plate. These are useful in 
measuring air velocities in gusts, since they have 
a greater speed of response than do rotating ele- 
ments. The velocity pressure on the plate exposed 
to the wind is balanced by the force of a spring. 
The deflection is measured by an inductance-type 
transducer. The signal from the transducer is am- 
plified and transmitted to a recorder. The indica- 
tion is also dependent upon the air density. Simple 
mechanical designs are also used to measure low 
air velocities. 

Kata thermometer. This is used to measure low 
velocities in air-circulation problems. An alcohol 
thermometer with a large bulb is heated above 
100° F, and its time to cool from 100 to 95°F, or 
some other interval above the ambient temperature, 
is measured. This time interval is a measure of the 
air current at the location. 

Heated thermocouple. This instrument is used 
for measuring moderate airspeeds. A small, con- 
stant current heats both junctions of the thermo- 
couple. One junction is maintained at constant tem- 
perature; the other is exposed to the airstream. 
Variations in air speed cool or warm the exposed 
junction, resulting in variations in the voltage de- 
veloped in the thermocouple circuit. This voltage, 
measured on a sensitive voltmeter or by other 
means, is a function of the air speed. See Thermo- 
couple. [ W.G.B.] 

Aistopoda 

An order of Carboniferous lepospondylous amphib- 
ians in which the limbs were lost and a snakelike 
body developed, sometimes with over 100 vertebrae. 
In some cases there were short forked ribs of un- 
usual structure. The pattern of the long slender 
skull is imperfectly known but certainly it differed 
considerably from that of most early amphibians. 
Ophiderpeton and Dolichosoma are representative 
of two distinct families; there is no certainty that 
the two are related or that the Aistopoda form a 
truly natural group. See Amphibia fossils; Lepo- 
SPONDYLI. f A.S.R.] 
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An amino acid. The amino acids are characterized 
physically by the following: (1) the pKi. or the 
dissociation constant of the various titratable 
groups; (2) the isoelectric point, or pH at which 
a dipolar ion does not migrate in an electric field ; 

(3) the optica] rotation, or the rotation imparted 
to a beam of plane-polarized light (frequently the 
D line of the sodium spectrum) passing through 1 
decimeter of a solution of 100 grams in 100 ml; 

(4) solubility. See Equilibrium, ionic; Isoelectric 
point; Optical activity; Spectrophotometric 

ANALYSIS. 
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The biosynthesis of alanine starts with pyruvic 
acid, by transamination or reductive animation 
(see Amino acids). During metabolic degradation, 
alanine is deaminated to pyruvic acid. For path- 
ways of pyruvic acid breakdown, see Carbohy- 
drate METABOLISM. [E.A.AD.] 

Alarm systems 

Systems which operate a warning device after the 
occurrence of a dangerous condition. Alarm sys- 
tems are used to signal the presence of danger in 
such diverse situations as the presence of an in- 
truder and existence of a runaway condition in a 
nuclear reactor. In factories they signal excessive 
temperature or rapid rise in temperature. 

Alarm systems are usually open-loop control 
systems (see Open-loop control system ) ; fre- 
quently, they are remote-control systems; that is, 
the detector is located remotely from the indica- 
tor (see Remote-control system). An alarm sys- 
tem contains two essential components, an alarm 
detector and an alarm indicator. 

Alarm detectors. Alarm detectors are used to 
monitor a given situation and provide the informa- 
tion required to decide whether or not a dangerous 
condition exists. The type of detector is determined 
by the particular application and by the nature of 
the physical quantity being detected. In a burglar 
alarm, a metallic tape is usually placed at all en- 
trances to the building. This tape has an electric 
current passing through it which causes an electro- 
mechanical relay to be actuated. Any person enter- 
ing the building breaks the tape, interrupting the 
current to the relay. This deenergizes the relay 
and causes the relay contacts to operate the alarm 
indicator. 

In a nuclear reactor installation, alarm system* 
are used to indicate a dangerous condition in sev- 
eral phases of the reactor operation. Nuclear radia- 
tion detectors, such as ionization chambers, pro- 
portional counters, and Geiger-Miiller tubes, are 
used to monitor the level of nuclear radiations in 
the vicinity of the reactor to warn personnel when 
the level of these radiations exceeds a safe bio- 
logical level. These detectors are also used to moni- 
tor the level of neutrons and the time rate-of-changc 
of neutron level to warn of a runaway condition. 
Temperature detectors are used to monitor the in- 
ternal temperature at several points within the re- 
actor. Liquid flow detectors and pressure detectors 
are employed to warn of the stoppage of coolant 
flow and of excessive pressures within the reactor 
vessel and piping. 

Alarm indicators. Alarm indicators are used to 
translate the information from the alarm detector 
into a warning signal when a dangerous condition 
exists. The warning signal is usually a visual or 
audible signal. The visual signal may take the form 
of a flashing light (such as the warning lights at a 
railroad grade crossing), or a meter indication of 
pressure, temperature, voltage, or some other 
physical quantity. The audible signal is usually a 


buzzer or siren. The type of indicator to be used 
is determined by the application. Frequently, both 
visual and audible signals are used, particularly j n 
high-noise areas. [j.c.tr] 

Albatross 

Any of 13 species of large, pelagic birds of th* 
family Diomedeidae, represented in all oceans Px . 
cept the North Atlantic, but more common in th P 
Southern Hemisphere. Albatrosses are famed fur 



The black-footed albatross, Diomedea nigripes , Mid 
way Island. (Courtesy Alfred M. Bailey and Robert J 
Niedrach, National Audubon Society) 


their ability to soar on their long, narrow wing* f«»r 
extended periods of time. They seldom approaih 
land except to nest. Two species occur along the 
Pacific Coast of North America from the Bering 
Sea to flower California. These are the bla<k 
footed albatross, Diomedea nigripes , and the >li«»ii 
tailed albatross, D. albatrus. See Prockluri- 

l FORMES. I J.B-B 

Albedo 

That fraction of the total light incident on h re- 
flecting surface, especially a celestial body, wlm'l* 
is reflected back in all directions by the surface 
A perfect diffuse reflector ho*. by definition, 
albedo; however, all actual surfaces have 
less than unity. Albedoes observed astronomical!' 
may be compared with those of known suhstanrr- 
measured in the laboratory, gnd such a rompa^ 
son can give valuable clues as to the nature of 1 p 
celestial body’s surface. The} moon, for examp ?- 
reflects only about 7% of th4 total sunlight ii 
ceives and must therefore have a fairly dark surfa<* 
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Visual albadoaa* 



Mcurcury 

Venus 

Karth 

Mtxin 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune Pluto 

p 

0.09 

0.55 

0.35 

0.11 

mm 

0.37 

0.42 

0.41 

0.50 P 

9 

0.65 

1.26 

1.15 

0.66 

■ft! 

1.10 

1.0; 

1 . 1 : 

1.1: ? 

A ** M 

0.06 

0.70 

0.40 

0.07 

mm 

0.41 

0.42 

0.45 

0.55 P 


* The colons indicate uncertain estimate. 


A perfect diffuse reflector obeys Lambert’s co- 
sine law that the luminance (surface brightness) 
of the reflecting surface is proportional to the 
cosine of the angle of incidence and is independent 
of the angle of reflection. See Photometry. 

The geometrical albedo is the ratio of the mean 
luminance of a planet at normal incidence and 
reflection to the mean luminance of a perfect dif- 
fusor of the same size at the same distance from 
the Sun. ff r 0 is the mean distance of the planet 
to the Sun in astronomical units, $ n its apparent 
semidiameter at mean opposition, and /<, //», the ratio 
of the apparent brightness, Uu of the planet at mean 
opposition to that of the sun, /<», at unit distance, the 
geometrical albedo is p = ionr/l 0 sin 2 s u . This ran 
also be expressed in the logarithmic stellar magni- 
tude scale, log p = QAiMo — m x ) - 2 log sin s u 
where Mu is the apparent stellar magnitude of the 
Sun at unit distance. **■»• that of the planet, and s i 
the planet’s apparent semidiameter at unit distance. 

The physical or spherical albedo includes the 
effects of the departures from Lambert’s law rep- 
resented bv the phase law giving the relative 
brightness 0(0) of the planet, reduced to unit 
distance, as a function of the planet’s phase angle 
0 (see illustration). For a discussion of planetary 
phases, .see Pi. a net. If 0(0) is normalized to 
- 1 for 0 ^ ()°. the phase integral is 

q = 2 0(0) sin 6 dO 

Fur an ideally smooth sphere srattering accord- 
ing to Lambert’s law. q = I .SO. The spherical 
albedo is then A =* pq and the diffuse reflection 
^efficient r » 1.5p =* l.5A/q. If the phase curves 
are represented in polar coordinates, the values 
‘>f the phase integrals are measured by the vol* 




scattaring diagrams of Man, Vtnui, Earth, and 
tooon. Relative Intensity 0(0) Is plotted os a function of 
Ptase angle 0. 


umes generated by the curves in a rotation around 
the polar axis. 

Determinations of the monochromatic albedo at 
several wavelengths give the spectral reflectivity 
curve of a planet which can be compared with sim- 
ilar curves determined in the laboratory for ter- 
restrial substances. 

The term albedo is also used in nuclear reactor 
terminology. It refers to the reflection factor which 
a surface, for example paraffin, has for neutrons. 
If «Y neutrons pass through air and strike a slab 
of paraffin, with the result that, at the end of the 
process, n neutrons are in the air and N — n 
neutrons arc in the paraffin, then n/I\i is the albedo. 
See Reactor physics. [g.d.v.j 

Albertite 

A naturalh occurring, brown to black, carbona- 
ceous substance associated with oil shales. It has 
a specific gravity of 1.07 1.10, is infusible, insolu- 
ble in carlxm disulfide, and consists of approxi- 
mately 79-89% carbon. 7-13% hydrogen, 0*5% 
sulfur, some oxygen, and traces of nitrogen. The 
material derives its name from the Albert Mines. 
Albert County, New Brunswick. Canada, where 
veins up to 17 ft wide have been traced for over 
Ms mi. Albertite also occurs in Pictou County, 
Nova Scotia; Uinta County, Utah; the Falkland 
Islands; Germany; Tasmania; and Portuguese 
We*t Africa. 

Albertite is classified on the basis of its physical 
properties. Different deposits may have had varia- 
ble contributions from different sources. Low oxy- 
gen contents of various samples of albertite indi- 
cate. however, that the material is not derived from 
coal in spite of its occasional occurrence near coal 
veams, 

Albert ite was mined for many years in New 
Brunswick and Nova Scotia for use in enriching 
! bituminous coal in the manufacture of illuminating 
| gas. See Flai-knite; Impsonite; Wurtzilite; see 
i also Asphalt and asphaltite. [i.a.b.] 

! Albite 

The name for a sodium feldspar, NaAlSiaO*, with 
an A1 Si distribution producing triclinic symme- 
try. Albite is usually found in nature with the 
highest state of A1 'Si order which appears to be 
possible at low temperature. As a result of other 
A1 Si distributions of a less-ordered character, 
several other states of NaAlSi»0 8 exist; for exam- 
ple, monalbite with monoclinic symmetry is stable 
under equilibrium conditions at temperatures 
(*» 1000°C) near the melting point. Monalbile in- 
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vert* upon cooling under nonequilibrium condi- 
tion* into analbite that, like aibite, is triclinic but 
has a somewhat different lattice geometry. The 
transformation temperature depends upon the de- 
gree of Al/Si disorder and the amount of K AlSi 3 0s 
or CaAlgSigOs present. Aibite in its most ordered 
form cannot take more than about 2 mole c ' c of 
KAlSiaOs or CaAljSisO* as solid solution in its 
structure. Sec Feldspar; Igneous rocks, [kla. | 

Albumin 

A protein which is readily soluble in pure water at 
it* isoelectric point and remains quite soluble in 
SO saturated ammonium sulfate and other suit so- 
lutions of high ionic strength. Example* include 
serum albumin, the major protein component of 
animal sera, and ovalbumin, the major protein of 
egg white. The latter is a conjugated protein con- 
taining both phosphate and carbohydrate. 

Serum albumin is primarily concerned with the 
regulation of osmotic pressure. It also functions in 
the transport of sparingly soluble metabolic prod- 
ucts from one tissue to another. See Protein. 

f D.VT. | 

Alcohol 

A member of a class of organic compounds com- 
posed of carbon, hydrogen, and oxygen which can 
he regarded as arising by replacement of one or 
more hydrogens of a hydrocarbon, other than an 
aromatic hydrocarbon, by one or more hydroxyl 
( — OH) groups. 

Dies. The alcohols have many uses as such and 
as intermediates in the synthesis of innumerable 
chemicals. The lower alcohols are generally em- 
ployed as solvents, antifreezes, and extractants, 
whereas the higher alcohols suc h as cetyl alcohol 
are used as antifoaming agents and evaporation 
retardants in reservoirs. Their use as chemical in- 
termediates. however, accounts for the largest 
amounts of alcohols produced currently. By rela- 
tively simple chemical reactions, alcohols may he 
converted into a great number and variety of chem- 
ical compounds. Oxidation of primary' alcohol* 
(RCH 2 OH) produces aldehydes fRCHO) and car- 
boxylic acid* (RCOfH), and secondary alcohols 
(R 2 CHOH) yield ketones (R^CO). Dehydration 
of alcohol* themselves gives olefin* and ether* 
fRCHz — O — CH 2 R). and treatment with carbox- 
ylic acids result* in the formation of ester* 
(R — CH 2 — 0 — COR), a valuable clas* of organic 
chemical*. This reaction is important in the com- 
mercial utilization of alcohol*. The hydroxyl group 
of an alcohol may often be replaced by halogen 
and pseudohalogen*. and under severe condition*, 
reaction with ammonia yield* amine* fRCHjNH?) 
and nitrile* (RCN). 

Esters of the lower monohydric alcohol* arc 
used extensively as solvent* for lacquer enamel*, 
nail enamel, celluloid products, nitrocellulose, ar- 
tificial leather, natural and synthetic gum*, leather 
finishes, plastic wood, perfumes, and other natural 


products. Esters derived from the higher alcohols 
and dibasic acids are used as plasticizers for vinyl, 
cellulosic, and acrylic resins, and synthetic rubber. 
Their favorable viscosity-temperature coefficients 
make them useful as lubricants in high-speed up. 
plications, such a* in jet and gas turbine engine 

The commercial importance of alcohol* may he 
estimated from the fact that in the United States 
alone in 1956 the total quantity of lower alcohols 
produced methanol through butanol wa* about 
4.500,000.000 lb. Over 400,000,000 lb of ester-tv p, 
plasticizers wert? produced in the United State* in 
1956 from higher alcohols, as well as about 15,. 
000,000 lb of surface-active agents. 

Classification. Alcohols may he mono-, dk trk 
or polyhydric, depending upon the number of hv 
droxvl ( OH) groups thev possess. Pnlylmlrii 
alcohols are also called polyols and may he of mv 
high molecular weight, such as the polymer. po|\. 
vinyl alcohol. Generally, the suffix “-or* in tip* 
name of an organic compound denotes the pre„ 
ence of a hvdroxvl group in the molecule. Ahnlioh 
are classified as primary iRCIl-OHl, seromlatv 
I R-jCHOH ). nr tertiary (KiCOH). depending on 
the number of hydrogen atoms attached to the car 
bon atom bonded to the hydroxyl group. The ph\*i 
cal and chemical properties of alcohols .ire <|, 
pendent on the molecular weight and the miinhn 
and type of hydroxy I groups in the molecule. 

Alcohols are colorless, flammable, and toxii the 
lower members being liquids whereas the login 1 
molecular-weight member* may lie waw solid* 
Relative to water, the alcohol* are slightly undii 
and will react with alkali metals to form hydros n 
and salt*, called ah oltolute- or alkoxide-. 


Alcohols and their formulas 

Name 

Methyl alcohol 
Kthyl alcohol 

n- Propyl alcohol ' I propanol* 
Isopropyl alcohol (2-propunol; 
n-Hutyl alcohol (I -butanol) 
«ec- Butyl alcohol < 2 -butanol) 
ter/- Butyl alcohol (2-mclhyl 2- 
propaiiol* 

Jsobutyl alcohol 
n-Amyl alcohol < l-pentunoli 
ri-Hexyl alcohol (I -hcxunol) 
n-lleptyl alcohol f l-hcptnnol) 
n-Or|yl alcohol (l-octanoh 
n-Nonyl alcohol (t-nonuiicl) 
n-Decyl alcohol ft -flcratiol 1 
Ally I alcohol 
Ethylene glycol 
Propylene glycol 
Triinethylene glycol 
Glycerol 


Kn ill « 

r.lljOil 
CJhO If 
c:iijc:n 2 € 11,011 
<r;i« 3 » z c:Hoii 
cibtai* 


«:n*h< :<>n 

ir.ii»>,r.iir.H*oti 
ClIslGH.uf II.BII 

ClIjlf.llauT.ll-OH 

r.ih-t.iBif n|1 
Honunioii f 
f.IhGUOHrH^ 1 . 
iior.iiir.il ( if/ 011 


on 011011 

cicofl 


Benzyl alcohol 



Sources. The three most important sources of 
monohydric aliphatic alcohols are fermentation of 
natural products, chemical syntheses based on hy- 
Jrmarhons from petroleum or natural gas, and 
chemical treatment of natural fats anil oils. Of 
minor importance are such ancient sources as the 
destructive distillation of wood and wood rosins. 
The fermentation of sugars and starches to pro- 
duce alcoholic beverages has been employed at 
lr H st since history has been recorded. Prior to 
World War If. this was the primary source of etha- 
nol. n-butanol, and 2-propanol. 2- Propanol was 
produced by the reduction of acetone, a coproduct 
of n-butanol from the fermentation of molasses. 
The technique may best lie described as the bio- 
logical oxidation of a carbohydrate bv a highly 
specialized strain of yeast which produces the de- 
sired end products, that is. ethanol in one ra*e and 
//-hutatud and acetone in another. Although still 
rtnph'ved on a large scale, fermentation is no 
longer the major industrial source of the lower al- 
< nhaK 

The *\nthetic processes employed industrially to 
manufacture aliphatic monohvdric alcohols are: 
iln* oxidation, hydration, and oxonution of lixdro- 
i .nl'ori- : the reduction of synthesis gu^: the con- 
,1, Million of aldehydes derived from alcohols fol- 
lowed l>> reduction: and the reduction of animal 
Ml- and vegetable oil*. 

Reduction. Methanol, the simplest alcohol 
r.ll OH i. i* produced almost entirely h\ the cata- 
|mu reduction of synthesis gy* t carbon monoxide 
md h\drogenl. Only a yery '■mall quantity is now 
(in»dnced by destructive distillation of wood. 

Hu Iration. Treatment «»f lower, unsaturated h\- 
iltm-arbons with water in the presence of an acidic 
i oit.dw ot hxdrolvsis of the intermediate sulfate is 
'■m|ilo\ed to synihesi/e ethanol. 2-propanol. 2huta- 
nul. and /crf-butyl alcohol. 'Hie hydration *»f acetv- 
Icie to acetaldehyde and subsequent reduction is 
u-od in Europe to produce substantial amounts of 
ethanol. 

i) intuition. A modification of the Fischer- 
l ropsrh process, known as the oxo reaction, in- 
o»lvps the treatment of unsaturated hxdrocarhons 
>jndcr high pressure with a mixture of carbon man* 
" Xlf l p and hydrogen in the presence of a cobalt 
'■atalvst and is a major source of monohvdric 
aliphatic alcohols, ranging from propanols 
,r -H 7 OHl to tridecanols (Cial^OH). \ mix* 
,,,rr °f isomeric alcohols is generally obtained 
from this irncess. Though in industrial use onlv 
IW. this >roces» has gained wide accept- 
an,,f ' an d its use is expanding rapidly, since its 
•wlv requirements are sources of unsaturated by- 

r,, <arhons (petroleum, natural gas), and synthe- 

«*is gas. 

f ondmsation. Higher aliphatic alcohols, such as 
rh ),,t 1 “ no l and 2-ethylhexanol. arc synthesized by 
*’ hydrogenation of intermediate higher aide- 
\ /*. drived by condensation of acetaldehyde 
1 ,t8e ^ or its aldehydic derivatives, such as 
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butyraldehyde. Acetaldehyde is synthesized exten- 
sively in the United States by catalytic dehydro- 
genation of ethanol, whereas in Europe it is usu- 
ally obtained by the hydration of acetylene. 

Reduction of fats and oils. The major source of 
higher monohydric alcohols used in the manufac- 
ture of detergents is the reduction, either by cata- 
lytic hydrogenation or with reducing metals, of 
animal fats and vegetable oils. .See Butanol; Es- 
mr. Ethyl alcohol; Fischkh-Tkopsliv i»hockss; 
Ulyuil; In ihsi rial microbiology: Methanol; 
Phenol; Polyhydroxy alioiiol: Propanol. 

f J.W.L.l 

Alcoholysis 

A chemical reaction involving the decomposition of 
u molecule with the addition of the elements of an 
alcohol. The reaction is comparable to hydrolysis 
or aeidolysjs. in which water or an acid, respec- 
tively. is u*cd in place of the alcohol. Thi* is most 
commonly an exchange reaction. The term is fre- 
quenth applied to the reac tion between an alcohol 
and an e*ter to produce a different alcohol and a 
different ester I h dn*e*terification ) . In such ca«e*. 
higher molecular weight alcohols readily replace 
those of lower molecular weight: tertiary alcohols 
an* more readilv replaced than primary alcohols. 
In manv ca.es *urh reactions are reversible and 
thus will not go far toward completion unless a 
large excess of the reacting alcohol is present or 
one of the products j« renio\ed as fast as it is 
formed. Vid*. luisc*. and sodium alknxides act as 
positive catalxsts. Thi** t\pe of reaction is useful 
for the preparation of simple esters of fatty acids 
from natural ghcerides. 

The term alcnh<dv*i* also applies to reactions in- 
volving alcohols and ( 1 1 nitriles to form ortho es- 
ters at lower temperatures and simple esters at 
higher temperature*: (2) acid anhydrides to yield 
r*ter* (particularly useful with anhvdrous dibasic 
acids to form monoesters ) ; (3) alkyl halides to 
vield other alcohols; (4) acyl halides to yield es- 
ters : I 5 ) /?• keto esters to yield two esters or an 
ester and a ketone (a reverse Claisen condensa- 
tion! : t6 1 lactones to produce hydroxy or alkoxv 
acids; <7) amides to yield esters; (8) carbohy- 
drates to yield glycosides; and (0) ethylene oxide 
to form nionoalkvl ethers ( cellosolves I . See Aun- 
olysis; Hydrolysis; Transesterifilation. 

[e.h.h] 

Alcycnacea 

An order of the subclass Alcynnaria. Alcyonacea. 
the soft corals (see Figs. 1. 2). are littoral antho- 
zoans, which form massive or dendriform colonies 
with yellowish, brown, or olive colors. Most attach 
to some solid substratum; however, some remain 
free in sandy or muddy places. The only skeletal 
structures are small, elongated, spindle-shaped or 
rodlike, warty sclerites which are scattered over the 
mesoglea. The colony is supple and leathery. The 
polyp body is embedded in the coenenchyme from 
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Fig. 1. Afcyonaceons. (o) Atcyonium palmotum ( offer 
Y. De/age), (b) Dendronephthyo jp. ( after Utinomi). 



Fig. 2. Xenia Hieksoni . (After 7. Asworth ) 


which retractile anthoeodiu protrude in Alry on f lm 
(Fig. In). In AVnio (Fig. 2) and Hetrroxrnia, - dtl 
thneodia are nonrelraetile. The polyp base is p lM 
reeled by many sclerites and is termed a ral\\. 

The. acinifornt gonads develop in the six venti ,| 
mesenteries and hang inside the gastrovasmlm (J| 
it>. Anthomastus, Sarrophyton , and 
are dimorphic and the siphonn/ooid is fertilr 0|t |. 
in inthonuistus. New polvps arise asexualK a | S|| 
from the solenial network. Nee Au:W)\ahi\. | K A 

Alcyonaria 

\ subclass ot the Antho/oa. These coelenteratcs llr „ 
colonial (Fig. I ) : most are sedentarv, littoral. a ,„j 
some live at great depths. The ordinarv po|\p , |l; 



Fig. 1. Diagrammatic figures of the colonies of 
cyonaria. (o) Cornularia. (b) Chvularia. (c) Tubipo ra , 
(d) Tele st o. (e) Atcyonium. (After V. Dotage) 



lozooid ( Fig. 2), ha* c-ight motile, contractile, hol- 
low, pinnutely branched tentacles. Eight complete 
mesenteries are present (Fig. .'ll, of which the dor- 
,ul or usuleal pair is the most developed and hears 
the largest, heavily ciliated ectodermal filaments 


tentacles 


ectoderm 


pinnules 



stornodeum 


siphonoglyph 


longitudinal 

muscle 


mesenteric 

filament 

gonad 

sulcal 

mesentery 


I 1 V ! / / 1 r 

Js '- -4 _J 



^ - Cm . 

fig. 2. Diagrammatic figure of the autozooid of Al- 
cyonaria. (After Y. Delage) 


endoderm 



stornodeum 


* siphonoglyph 
tulcal mesenteries 

jj- 3. Diagrammatic figure of the mesenteric 
ro "W»ent of Aleyonaria. 
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^•9- 4. Mesenteric filament of Alcyonium (Alcyona- 
cea). (a) Asulcol filament. ( b ) One of the other file- 
ments. (After $. Hickson) 



Fig. 5. Sclerites of Aleyonaria. (a) Xenia uniserta. 
(b) Antheha fufginosa . (c) Sympodium co eru/eum. 
(d) C lavularia chunni. (e) Sarcophyton crassocau/e. 
•f) Sarcophyton acutangulum. ( g ) Anthomastus ontar c- 
ticus. ( h ) Capnellj rugosa. (i) Nephthya paciflca. 
After W. Kukenihuh 


4r/>. The remaining mesenteries hear endo- 
dermal filaments having rnanv glandular eells (Fig. 
U> l. 1 .iingitudinal retractor muscles are stronglv 
developed on their ventral or sulcal surfaces. Only 
the retractors of each sulc al pair face each other. 
The stornodeum or pharynx. with a single siphono- 
glvph in it* sulcal edge, is lined hy a ciliated glan- 
dular epithelium (Fig. 31. The gastrovascular cav- 
itv of each polyp is interconnected by complex ca- 
nal ^v stems or Milenia. These permeate the colonial 
s| uliferous mesoglea or coenenchvme. The skele- 
ton i*- formed In a deposition of horny material se- 
creted In ec 1 inform cells, or hv ectodermal sclero- 
hlasl* which secrete calcareous spicules or sclerites 
of various shapes (Fig. 5). The musculatures are 
not paiticularlv well developed. 

The oral end of the polyp is termed the antho- 
codium. The basal portion, or anthostele. is em- 
bedded in coenenchvme containing numerous ame- 
boid cells and scleroblasts. Zooxanthellae are found 
in the endoderm. The polyp exhibits an octomerous 
radial symmetry: however, when closely observed, 
it has a more pronounced bilateral appearance. 
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The Alcyonaria are characterized by a strongly 
developed siphonoglyph, which serves to circulate 
water in a colony. Alcyonaria are either dioecious 
or monoecious. The gonads ripen in the endoder* 
mal mesenteric filaments. The daughter polyp buds 
asexually from the solenial system, or from n par* 
ent's body wall. Fennatulacea and some other 
forms are dimorphic. The siphonozooid is smaller 
than the autozooid. (t lacks tentacles or the tenta- 
cles are rudimentary and usually sterile. See A\- 
thozoa. |k.a. | 

Aldebaran 

Alpha Tauri. a red giant star of spectral type K5. 
temperature 3000° K, and luminosity about 200 
times that of the Sun. Aldebaran is at a distance 
of 20 parsecs; it is large enough to show a barely 
detectable disk. (V/020 of arc, with the Mount Wii- 
son stellar interferometer. See St am. I j.l.uk.] 

Aldehyde 

One of a class of organic chemical compounds rep- 
resented by the general formula RCHO. Formalde- 
hyde. the simplest aldehyde, has the forrrmlu 
HCHO, where R is hydrogen. For all other alde- 
hydes. R is a hydrocarbon radical which may or 
ma> not he substituted with other groups such as 
halogen or hydroxyl. Aldehydes are chisel v related 
to ketones, since both types of compounds contain 
the carbonyl ( >C O) group; in the case of 
ketones, the carbonyl group is attached to two hy- 
drocarbon radicals. Because of their high chemical 
react city, aldehydes are important intermediates 
for the manufacture of resins, plasticizers, sol- 
vents, and dyes. The production of aldehydes is 
now at the rate of approximately 1 .U00.000.0<)0 Ih 
annually. 

Chemical properties. The important reactions of 
aldehydes include oxidation, reduction, aldol con- 
densation. Cannizzaro reaction, and reaction* with 
compounds containing nitrogen. 

Oxidation. Aldehydes are oxidized to carboxylic 
acids by a wide variety of oxidizing agents, such as 
air, oxygen, hydrogen peroxide, permanganate, 
perarids. silver oxide, and nitric acid. 

Aldehydes end their formulas 


Compound 

Formula 

Formaldehyde 

Acetaldehyde 

Propionaldehyde 

/i-Kutyraldehyde 

Isobutyraldehyde 

n-V»leraldphydp 

Acrolein 

Croton a Ideh y dp 
Chloral 

Chloral hydrate 

HCHO 

CIM.IIO 

CjHiCHO 

CIMCVI,);CVfO 

<CH,) f CHCIlO 

Cll^CIlshCllO 

CH 2 CHCffO 

CIHCII-- -ClfCHO 

CChCHO 

cr.i,r:ii(Oin, 


ii 

Bcnzoldchyde 

rr ■' 


II II H 

CinnaifiAldehydp 



0 O 

ii 

RCH + (<)) - KC OH 

Under certain mild conditions, when oxygen is 
the oxidant, intermediate perucids may be detected 
in the reaction mixtures. Thus the oxidation mn l|. 
anism may he illustrated by the following equa- 
tion : 

o n 

w 

RCH + O, >RC OOH ^ 2RCOOH 

Aldehyde IVraeid Anil 

The oxidution of ahleh\des with air i* an im- 
portant commercial source of several organii 

acids. 

Reduction, AldelmJe* arc reduced to primui\ 
alcohols by reaction with hydrogen in the preset 
of a catalyst, such as finely divided plalinuin or 
nickel. Under certain conditions, the alcohol will 
be reduced further, and the product formed i- t 
hydrocarbon. 

RCH -O+ll, R0H..OH RCH; t lid 

Aldchvde Alcohol IKdro 

carbon 

The reduction of aldehvdcs also max he a« com 
{ilished h\ treatment with aluminum alkoxnle. 
metal hydrides such a** sodium hoiolndridc. m /in. 
and hydrochloric acid. However. tin* lomruenul 
process for flu* reduction of aldch\des to alioimh 
inwdvcs hydrogenation in the present e «»t a m< k» I 
catalyst. Rancx nickel is the preferred cataU'-t (m 
liquid-phase hydrogenation. whereas nickel -u y 
ported t»n an inert material is used ior \apt»r ph.»*r 
reduction. 

Aldehydes react with hxdrogert in the pir-mn' 
of ammonia and a «atal\-l to form amines I In- 
process. which is known as redmtive aminatmii i- 
used commercial^ ti» produce man\ irnpuiMni 

RCH - <) + NH,4 ll 2 '"’ r N ‘ RCH, Ml-. IK' 

Aldehyde Amine 

Aldol condensation. Twit molecules of an aide 
h> d»* react in the presence of either alkaline <»i 
acidic catalyst* to form a hydroxy aldehxdc. I Id- 
reaction proceeds on|\ when the carbon ad lat ent 
to the carbonyl group has at least one liwlrngen 
a It tm. 

RCH -Cl I O + RCIUCH O 
Aldehyde 

OH 

K \ 

RCIW-IICIICHO 

I 

R 

Aldol (a hydroxy 
aldehyde) 

Cannizzaro reaction . Aldehydes which do n ° f 
have hydrogen attached to the carbon adjacent t*» 
the carbonyl group readily react with strong *d* u 1 



form an alcohol and an ucid suit. This transfor- 
||Ull j,,n involves mutual reduction und oxidation, 
Hjn ,. e one molecule of aldehyde is reduced to an al- 
| |0 1 while another is oxidized to the ucid suit. 

2RCH0 -f NttOH ■* RCII, Oil + RCOONa 
Aldehyde Sodium Alcohol Acid salt 
hydroxide 

'|V most important aldehydes which undergo the 
Ciunii/zaro reaction are formaldehyde und heir/al- 
ih'lode. 

\ special case of the Cannizzaro reaction is the 
Tisclienko reaction, hy which two molecules of al- 
( |th\de combine to form un ester. Aluminum alk- 
„vides are the preferred catalvsts foi this rear-. 


in.n. 


2RCH 


O 


Al((K 'cl I» >« 


o 

r 

rc och 2 r 

Kster 


l\i'ii<tion uith ammonia and amines. The pri- 
,11.11 \ product formed hv the reaction nl ammonia 
wilh an aldchvdc is the hydroxy amine illustrated 
I, flow. However, the resulting hydroxv amine u^u- 
<||\ reacts further to give u complex combination 

,.t molecules. 

dll 

KCII O * Nil, -RCII Ml. . 

. .1 . product- 

Mdi'hv de Ammonia ll\dr<*\\ 
amme 


Udrhvde- rear t with piimarv amines To lorm 
(Mine-, also known a* SrhifT- lu^cs. .See NllIM 


KCII O r RNH . * KCII NR * 11.0 

Mdehvde Prini.tr x Inline 

amine (SrhiflTs Iuim j ) 

I "i mat ion of oximes, pheny Ihvdrazones, and 
" minnlmznnrs. Aldehxdes react readilv with hv- 
‘iniwlamine to eliminate water and form oximes. 

KCH (M II^NOH -> RCII NOH t H ? 0 

Mdehvde Hydrox- Oxime 

vlanune 

Klienv Ihvdra/ine und seinicarhazide react in a 
-nnilai manner to produce pheny llndra/one* and 
v ' Mih arl»a/ones, respect ivel > . 

Ren o 4 c*h 5 nhnh. • 

Mdehvde Phenyl- 
hvilra/one 

KCH NNIICclls 4 Md) 

Phenvlhydra/onc 

KCII 0 f 1UNC0NHNH* ♦ 

M'lf-hyilc Semicjrli.i/.nli- 

RCH =NNHCOMU I Il s <» 

Seniicnrbaznne 

these aldehyde derivatives are usually 
,rv< *talline compounds with sharp melting points. 
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they are frerpiently employed for the characteriza- 
tion and recognition of aldehydes. .See Oxime. 

Cyanohydrin formation. Aldehydes combine 
with hydrogen cyanide in the presence of an al- 
kuline catalyst to form hydroxy nitriles, known as 
cyanohydrins. 

OH 

i 

KCH O + HCN — RCHCN 
Aldehyde Hydrogen Cyanohydrin 
cyanide 

Since alkali c atalyzes the aided condensation of al- 
dehydes and also polymerizes hydrogen cyanide, 
careful control of the reaction conditions is re- 
quired to obtain high yields of some cyanohydrins. 

Acetal formation. Alcohols react with aldehydes 
in the presence of acidic catalysts to form acetal*. 

OC,H 6 

/ 

RCII O 4- 2C,H 5 OH - RCIi' + 11*0 


OCJh 

Aldehyde F.’hanol Acetal 

Merca plans react in a similar manner to form 
mercaptaU. 


SC,IU 


RCII O f 2c.1dl5.SH - KCH 4 H*0 

SI/jHs 

AMehydr Kthvl Mercaptal 

mercaptan 

f ormation of diesters. Organic acid anhxdrides 
combine with aldehyde* in the presence of acidic 
< atal\sts to form diesters. 

OOCCHs 


RCII 0+ «:H*COM> — RCI 


OOCCHa 

Aldchvdc Acetic Diacetate 

anhydride 


Condensation uith methylene group. Aldehvde- 
condense with compounds containing an ac tivated 
mcthvlcne I CII-1 group. An example of the 
Knocvenagel reaction is illustrated below: 


COOH 


rjutiii o+CHt 


Ammo catalyM 


COOH 

Bcn/aldchxde Malonic acid 

COOH 

/ 

CJUCH C + H 2 () 

COOH 
Benzyl idene- 
malonie arid 

Closely related to the Knoevenagel reaction are 
the condensation of aldehydes with anhydrides 
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(known as the Perkin reaction) and with esters OH 

(known as the Claisen reaction). 

RCII-O + NallSOi HCII 


CH 3 CO 


CftHiCH 0 + 


O 


Sodium arc tut* 


CHaCO 

Ren/aldehyde Acetic 
anhydride 

CJliCH CHCOOH + OHaCOOll 

Cinnamic acid Acetic acid 


CJItCll O f CM, ('.()( )C,.IU 
Ren/aldehxde Eth\l acetate 

1*11*01 ClfCOt)C,H 5 + 11*0 

Ethvl cinnarnatc 


SOaNa 

Aldehyde Sodium Bisulfite addition 
bisulfite compound 

Synthesis of aldehydes. Some aldehydes 
in natural products. Examples are glucose j„ p| <ni| 
juices, henzaldeliyde in oil of hitter almonds. 4 -j riMi| 
maldehvde in oil of cinnamon, and vanillin in tl| f 
vanilla bean. The more important synthetic m^}, 
ods for the production of aldelmles arc illustrt<ti> l | 
h\ the following examples : 

Catalytic dehydrogenation of jrrimary altolmU 
Vapors of the alcohol arc passed over a < o|ip« i 
catalx*! at 2o0 300 J C. to form the aldehyde ;i m ) 
hydrogen. 

KCIfjOII RCH O | H, 


Reforrnatsky reaction. Aldehydes react with 
bronio esters and zinc to form complexes which are 
hydrolyzed hy water to form h\droxy esters. 

RCH U + RrCH>COOCoH.s + Zn ♦ 

Aldehyde Ethyl bromndcetate 

OZnRr OH 

RCH RCH 

CHjCdUC.Hs CII^COOC.Hs 

Complex Hydroxy ester 


This proeess j* emploxed industrial! v to prodiid 
hundreds of millions of pounds of uretnldeliwli 
annualh from ethanol. 

() vitiation of primary alcohols. An oxidi/iriM 
agent, Mich manganese dioxide i»r < hrmnii o< ni 
reacts with a primar\ almhol to bum the mu,,. 
sponding aldchvde. The reaction condition- n,>|.* 
he carefulh controlled that the aldeli\de i- n. .• 
further oxidized to the acid. 

RCH. .OH ♦ O - RCH o . || o 

A special « asr is the oxidation ol clhvlnir g l\ . «.i 
with air to form gl\n\<il. th»‘ - i m p I 1 di.iMrhwl- 


Benzoin condensation. Aromatic aldehydes un- 
dergo himolecular condensation in the presence of 
alkali exanide catalyst. 


O 

2CJUCII— O N “ , N - CJliCIIOlICCdli 
Ren/aldehyde Benzoin 

Tests fur aldehydes . Several tests have been 
widely used for the detection of aldehydes. These 
depend upon certain reactions of the carbonyl 
group. Tollens 4 reagent, a solution of sodium hy- 
droxide and ammoniacal silver nitrate, reac ts with 
aldehydes to form a mirror of metallic silver. This 
reaction, sometimes known as the «dUer-tnirror 
test, oxidizes the aldehyde to the corresponding 
acid. SchifTs reagent reacts with aldehydes to pro- 
duce a crimson color. This is also known as the 
fuchsin aldehyde test. Fehling’s reagent is a solu- 
tion of a copper salt in tartaric acid which has 
been made alkaline. When an aldehyde is treated 
with this reagent, a reddish-brown precipitate of 
cuprous oxide is formed. Fehling's test has been 
especially useful for characterization of sugars 
which contain aldehyde groups. Another charac- 
teristic reaction of aldehydes is the addition of so- 
dium bisulfite, employed as a saturated (40% ) 
aqueous solution, to form a crystalline salt. 


HOCHCHUH 

j*jo r.o°< 

F.thvlene glwol 

O HC( ill O 4 2ll*«» 

(rl\ nx.ll 


Oxidation of olefins. I’ropxlene i*. oxidi/cd with 
air at higli temperature^ to form ucrolrjn. an mu 
saturated aldehyde. 


CH, CHClla 

!*iop\ lene 


(), 


i ‘atfilvMf 

¥ 

:i0<> wot 


CH*- CIICH 0 t M." 

Acrolein 


In the laboratory, olefins are treated with 
to form an o/onidr which dorompo^ex with " 
to form aldehyde-* and hydrogen peroxide. 


I) 

RCH CHR' -t O, - RCH "'ClIR' 

: i 

(I r O 

Olchn Oznnide 

RCH 0+K'CII “ + 

Chlorination of a methyl fsroup attnrhnl 
benzene tmr. The chlorination of toluene in ^ 
presence of strong light (which serves as « 4 



lyst) proceeds stepwise to form benzyl chloride 
nnd henzal chloride ut ld. r > 175 C. 

Cjh<:\h i- ci, *c,.ii 6 cii,ci i iici 

Toluene Bcn/yl 

chloride 

<: r> ii fc (:ii,ci h ci, -cduciici, 4 iici 

Bi n /a I 
chloride 
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(RCOO) 2 Ca + (HCOOhCa -* 2RCII <> 4 2ChCO* 

Calcium Calcium Aldehyde Calcium 

rai lioxvlatc lonnatc carbon- 

ale 

Kvnction of Cri guard reagents uith ethyl for- 
mate. Aldehydes are formed hy the reaction of al- 
ky Imagrirsjum halides (Crignard reagents ) with 
elh\ I orthoformate or diethyl fonnamide. 

RMgBr 4 HCOOC,II 5 ->RCII 4 ) f C,H 5 OMgBr 


Hydrolysis of benzyl chloride forms hen/\l alco- 
hol, and hydrolysis of hen/al chloride gi\cs 
jldehyde. 

rjW'Jwa b n<> *c«i isCii.ni i i iici 

B*»n/\ I alcohol 

C fi ||,CHCI, t 11,0 rC r .Hj:il O \ 2IH3 
Bcii/.ddchydo 

Tin' is one industrial pincers for the produdion o( 
|.en/:ildeli\de. 

Oxidation of a nnt In I grout* attar heil to a hen- 
zrm 1 ring. Certain substituted hen/aldch\de-. mu h 
(• nirrohcri/.ildchvdc. art* readily prepared b\ 
iixidatioti of the eoi responding toluene «l»*ri\ mixes 
vMth . Iiromie acid. I* anlndiidc i- u-ed to 

the aldelnde groups and prexenl further 
i. Nidation. Subsequent h\dnd\Ms of the diacetate 
produce* the aldehyde. 

(|\C,II,C1C * o, ♦ 2tc.ll .CO) O ■ 

/lAitio 

tolueiu .iiihxdmle 

DACdl ,CII(Ot U.CIl .)•. 

I tiaeetate 
i II <> 

OACJI.CH O * L’llOOCCH 

ft -\»tro \»etu 

U*n/.tldeh\ • aenl 

One i ornuiereial synthesis of ben/aldehxde m- 
\tihes the passing of a mixture of toluene and air 
«.wr a heated metallic oxide catalxst at tempera- 
1'ires aho\e afMV'C. 

Csiunt., * <>,. r " u,>M , raw:n «» *- 

Toluene Ben/aldeh\de 

HvJurtion of arid chlorides. Acid chlorides te- 
‘t«t with hvdrogen in the presence of a ealnl\st to 
iddeh\des and hvdrogen chloride. I his reac- 
h«>n. known as the Kosenrtiimd synthesis, is used 
frei|uently in the laboratory. 

Rr.OCI ». II, RKH <> -4 IK -I 

Arid Aldehyde 

eldoridr 

Pyrolysis of calcium salts of carbowlic acids. 
Hen a mixture of calcium formate and the cab 
'jam salt of another carboxylic acid is heated, an 
aldehyde distill* from the mixture. 


RCH(OC,|| f ,i, -4- lf 2 0 . RC1IO f 2C,H 6 OH 


RMgBr i HCO\(C,Hsi), 

RCI1 - O + (C,H ri ),NMgBr 


hatter man-Koeh synthesis. Aldehydes are 
formed when an aromatic hvdrocarhon is heated in 
the prescuec of hydrogen chloride, certain metallic 
• hloiirje (atal\s|.s. anil either carbon monoxide or 
hvdrogen ixanide. This synthesis, which is limited 
in use h**i ause of low yields, is illustrated b> the 
h iiw mg examples : 


i:Hi 


ch. 


s 

Toluene 


|. , lr- \WI._ f^ii 


IK I 


cii n 

/»-’!’« .1 iiulil.'li\ fit" 


- iu:\ ’ ^'1 


Kcimi t'l iemunn synthesis. NX lien phenol is 
treated with i hloroform and strong alkali, ^alicvl- 

aldelnde is formed. 

OH 


HCC1, * 2\aOll 
OH 


CH O 


4 HNaCl 2H»0 


Furfural production. Cornstalk*, corncobs, grain 
hull*, and similar farm wastes produce furfural 
upon heating with dilute sulfuric acid. This reac- 
tion. which is einplo\ed »n a large scale industri- 
al!'. pun eeds from pentosans found in the agricul- 
tural residues. 


i>, „s mm -iic.oH 


H.at 
— » 
Ari«t 


IM’.OH HCOH Ol d 
Pentosr 

HC C.H 


HC 


C - CH -O 


+ ;m,o 
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o 

Furfural 
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Chloral production . Chloral is an important in- 
termediate for the industrial production of the in- 
secticide, DDT. It is formed by chlorination of an- 
hydrous ethanol. 

2CH«CH*0H + 5C1, — 2a 3 CCH=0 + 10HC1 
Ethanol Chlorine Chloral Hydrogen 

chloride 

See Acetaldehyde; Acrolein; Benzalde- 
hyde; Carbohydrate; Condensation reaction; 
Formaldehyde; Furfural; Ketone. [h.a.s.] 

Aldosterone 

The steroid hormone found in the biologically ac- 
tive amorphous fraction that remains after separa- 
tion of the various crystalline steroid substances 
such as cortisol, and corticosterone from adrenal 
extracts. It was isolated in pure crystalline form 
in 1953 by T. Reichstein, A. Wettstein, J. F. Tait, 
H. L, Mason, and their collaborators in a yield of 
45-95 micrograms (fig) from 1 kg of beef adre- 
nals. It was identified as ll/?-21-dihydroxy-3,20- 
diketo-4~pregnene-18-al or the 18-aldehyde of cor- 
ticosterone. In solution, aldosterone exists as an 
equilibrium mixture of aldo and lactol forms : 


t:n a <)H 



c; -o 



Aldosterone has also been isolated from the urine 
of a nephrotic patient by J. A. Leutscher and his 
co workers in 1954. The chief function of aldoster- 
one is the regulation of electrolyte metabolism, 
that is, promotion of sodium retention and en- 
hancement of potassium excretion. Aldosterone is 
the most potent of the hormones which are con- 
cerned in this type of metabolism; in adrenalecto- 
mized dogs, minute doses on the order of 1-2 /ig 
per kg per day can maintain the electrolyte bal- 
ance and keep the animals alive. See Adrenal 
gland; Hormone; Steroid. [c.h.l.] 

Alfalfa 

An herbaceous perennial legume, widely grown 
and generally regarded as one of the world*s most 
valuable cultivated forage crops. Referred to in the 
United States and Canada as alfalfa, this crop is 
commonly called lucerne in other parts of the 
world. 



Fig. 1. The alfalfa plant, (a) Leaf of three leaflets. 
(6) Seedpods. (c) Flower, (d) Raceme or flower cluster 
(e) Crown, (f) Root. (Grass, USDA Yearbook Agr., 
1948 ) 

Importance to agriculture. Alfalfa is an impor- 
tant hay. pasture, and soil-improvement crop. 
When grown for hay, it will annually product* 2 8 
tons of air-dry hay per acre, the higher yields com- 
ing from deep, well-drained, fertile soils in area* 
with long growing seasons. When harvested at the 
early bloom stage of development, freshly cured 
leafy alfalfa hay will contain, on a dry-weight 
basis, 17 -20% protein, less than 25% crude fiber, 
and large amounts of certain vitamins. The green 
forage, cured hay. and pellets made from alfalfa 
meal are excellent as feed for livestock, especially 
dairy animals. Alfalfa meal is also an important 
ingredient of mixed feeds for poultry and domestic 
animals. 

Soil-improvement benefits froql alfalfa r esult pri- 
marily from fixation of atmospheric nitrogen by 
species of Rhizobium , bacteria. > which live on the 
roots of the alfalfa plant. The lelationship of the 
plant and bacteria is symbiotic. The bacteria enter 
the roots and, as they multiply, cause wartlike 
growths commonly referred to as nodules. The bac- 
teria obtain various mineral elements and nutrients 
from the alfalfa plant, but the nitrogen required 
for their growth is taken from the soil air. Good 
nodulation will permit the fixation of the nitrogen 
needed by the alfalfa plant, and may result in ^ 
dition of some nitrogen to the soil. 
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Botanical characteristics. The™ are several 
aperies of alfalfa, blit only a few have economic 
importance. Medicago saliva , the most widely 
p n >wn species, is predominantly tetraploid, and is 
further characterized by erect growth, blue-violet 
to purple-colored blossoms borne in loose axillary 
racemes, spirally twisted seed pods, and an almost 
<traifiht taproot which, under favorable conditions, 
can penetrate the soil to depths of 25 ft or more. 
\nother species of considerable importance. 
M. lalrata , is distinguished bv its vellow flowers, 
sickle-shaped seed pods, decumbent to semierret 
growth habit, and prevalence of branched roots. 
Thr^e two species are occasionally intercrossed to 
breed improved varieties of alfalfa. Varieties re- 
sulting from these interspecific crosses are varie- 
aated in flower color and are frequently referred to 
\h Jit ago media. 

Alfalfa plant. The various part*- of the alfalfa 
plant may he divided grossly into the roots and 
, rown (both long-lived perennial tissues) and the 
,ib«»ve giound. suceulent, short-lived vegetative por- 
tion composed of sterns, leaves, and flowers 
l-’ig. 1). The roots are coarse and tough, consili- 
um predominantly of one main taproot per plant 
in the purple-flowered species and a branched root 
m the vellow-flowered species. The crown is en- 
1 1 rgt-d and fleshv to semiwoodv and UMiallv extends 
linrn dightlv above ground level to approximated 
\ I in. helow the surface of the soil. Individual 
. nmns mav be 4 12 in. wide in well-developed, 
bivtxpe alfalfa plants nr several feet wide in the 
-I- leading pasture t\pes. 

Stem buds originate from the crown, the develop- 
i.ient of new buds being almost continuous. Thc-e 
i'wb give ri-c to the new shoots nr stems. Tin* 
< mwn of a 2- \ ear-old or older, healthv. vignrou*. 
I'lant is capable of giving rise to 20 30 nr more 
'tenis fm a gixen growth of forage. In thin stands 
■veial relatively short. feaf\ branches mav glow 
!ri»m each stem, such secondary and occasional 



2. A wild bet tripping an alfalfa flower. Rollon 
other alfalfa flowers U caught In the hairs on the 
l® e s body. When the beo enters the flower this Pol- 
and* ru ^ ec * °Qoinst the female ports of the flower 
^ Cf o« pollination is thereby assured. Note the 
° W * r 0n l«ft which has been tripped. 


tertiary branches developing in the axils of the 
leaves. The stems may be hollow or partly filled 
with pith; they are usually not more than Vs in. in 
diameter, and commonly reach a maximum height 
of 2 5 ft in 4 6 weeks. As they approach physio- 
logical maturity, the plants blossom and new 
shoots begin growth from the crown. At this stage 
of vegetative development, alfalfa is ready to har- 
vest for hav. One to eight cuttings of ha\ may be 
made during a single growing season, the actual 
number of harvests depending upon the variety of 
alfalfa grown, the availability of soil moisture and 
essential mineral elements, and the length of the 
growing reason. 

Alfalfa has compound, trifoliate leaves arranged 
alternately on the Mem. They make up 35-50 r £ of 
the alfalfa herbage on a dry-weight basis and com- 
prise approximately 65 70 r v. of the total protein 
and other nutrients in the forage. To assure good- 
quality hav from alfalfa, it is important that the 
crop he cut at the optimum stage of development 
(early bloom I and that the forage be cured and 
handled in a manner which results in maximum re- 
tention of leaves. 

Flowers, pollination, and seed. Normally it 
» v % 6 weeks from initiation of new growth until 
hln^oming. Alfalfa flower- are asymmetrical and 
perfect. condoling of the cnlvx. corolla, pistil, and 
stamens. The ovary of a given flower generallv con- 
tain- 8 12 ovules, each capable of developing into 
a seed on fertilization. The srxual column compris- 
ing the pistil and surrounding stamens is enca«cd 
between the innermoM petals (keel) so tightlv that 
pollination cannot occur without some outside dis- 
turbance to cause the alfalfa flower to trip or “ex- 
plode/* Bee* visiting alfalfa flowers in search of 
nectar and pollen are relatively effective in trigger- 
ing the tripping m, . hanism which results in a piv- 
otal snapping forward of the sexual column from 
the keel petals againsi the standard petal (Fig. 2). 
During the course of this explosive process, the 
flower i- exposed to pollen accumulated on the bee 
from flowers previously tripped. This results in 
about ( )0 r ; cro^s pollination. From the time of 
flower tripping and pollination. 4*6 weeks are re- 
quired for the resulting seed to mature. Alfalfa 
seeds are kidney-shaped and about 1 ix» in. long. 
Although high in protein, they have little food or 
feed value, und are used primarily for planting 
purposes. 

Improvement. Alfalfa has a wide range of adap- 
tation. Through selection and breeding, varieties 
have been developed to meet climatic conditions 
that prevail over relatively wide latitudinal belts. 
However, varieties outstanding for cold resistance 
are generally too slow in growth recovery and too 
low- yielding to he suitable for areas characterized 
by mild winters. Conversely, varieties noted for 
rapid growth recovery and nondormancy are too 
cold-susceptible to survive the winter conditions 
of the north temperate and colder climates. Despite 
such specific varietal behaviors, there are among 
the many improved alfalfas available today various 
varieties which are reasonably well adapted to 
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most climatic regions of the world in whirh agri- 
culture is profitable. 

A number of diseases and insects attack alfalfa 
and cause serious damage. Although some of these 
can be successfully retarded by use of chemical*, 
the most effective means for their control is to 
breed varieties with disease and insect resistance. 
See Breeding (plant); Nitrogen cycle. 

Ih.o.c.] 

Diseases Of alfalfa. Alfalfa is susceptible to at 
least 75 diseases incited by fungi, bacteria, viruses, 
and nematodes. Some of these occur sporadical!* 
and are rarely destructive; however, several arc 
responsible for appreciable losses. 

Root and crown diseases. Bacterial wilt is one id 
the best-known and most damaging diseases 
( Fig. 3). The bacteria enter plants principally 
through wounds in the roots. Thev cause stunting 
and reduce yield and !onge\ity of stands. Wilt-re- 
sistant varieties have been developed for the north- 
ern, central, and southwestern alfalfa-growing re- 
gions of the United States. 

Hoot and crown rot fungi occur in all areas in 
which alfalfa i* grown. Thev are among the most 
destructive pathogens and may cause injury at all 
stage* of plant growth. Some, such as Srlrrotmia , 
are active during cool, moist weather; in contrast, 
Fusaria and Rhizoctonia flourish during warm 
weather. Plants are freqiientlv attacked by rhese 
fungi following injury from cold, insects, or har- 
vesting machinery. Because the*r fungi occur in 
most soil*, the disease* they incite are among the 
must difficult to control, and no resistant varieties 
of alfalfa have been developed. 

Stem and foliage diseases. Many organisms at- 
tack the stein and foliage of alfalfa. Some, such as 
the fungi causing anthracnose and hluckstem. at- 
tack the stems, hut sometimes thev spread into the 
crown and upper part of the taproot, weakening or 
killing the plant. Anthracnose, favored by warm, 
humid weather, occur* principally in the southern 



Fig. 3. Bacterial wilt of alfalfa, (a) Diseased plant. 
(b) Healthy plant. 



Fig. 4. Yellow leaf blotch of alfalfa. 

and eastern state*, hut mo*t alfalfa vatirtir* loir: 
ale the di*ea*e. Hlack-tein on ur* in mo*t al!;i|| l . 
growing area** and i* partii ix lari v damaging in i !.. 
cooler, humid region*. The i au*al fungu* • an ,ii 
tack an* part of the plant, hut tin* -him lil.i.j. 
-freak- or spot* charactcriMic of the di-cj-r 
iiio*I conspicuou* on stem* and petiole*. 

Several leaf disease* occur widelv and iln*\ !n 
quentlv damage alfalfa Common Iraf-pot. M-llm* 
leaf hloti h I Fig. 1). and l**eudopl<M |cal*pui in.- 
develop so ahundantlv that thev cause scrimi* l<»- 
of leave*. Most varieties of alfdtfu contain -nun- p 
*i*tant plant*. Karlv harve-t sometime- i film *■- 
spread of leaf and Mem di*ea*e*. 

Some le** prevalent hilt occa*iona!ly Imallv uii 
portant foliar disease.* are down* mildew, -munm 
hlack-tem. and leaf ru*t. 

\ iras diseases. Two viru* disease.*, a I fa I la dw.ir: 
and witches’-hroom, are important mainlv in *h» 
western state*. Alfalfa dwarf, formerlv known t" 
occur only in California but now reported cl— 
where, cause* thinning in older stand*. AlfaSu 
dwarf and Pierce's disea*e of grapevine are ciiienl 
hv the same virus. 

Sporadic outbreaks of witches'- broom have «" 
curred in seed fields of the western state* sino 
1925. Diseased plants have many thin, spindh 
stems. Destroying diseased plants prevents -pread 
of the disease. 

Nematode diseases. Nematodes are widely di' 
trihuted but are destructive to alfalfa only in ,rr 
tain area*. The stem nematode [Ditylenrhus dip 
sari) thrives be*t under the cool, moist condition' 
of spring and fall and is destructive to irrigated a 
falfa in the West. However. Borne areas of infec- 
tion 3 1 so occur in Virginia and North Caroling 
Nematodes can infect plants of any age. In el ,,r 
plants, infected crown hud* become thickened an 
deformed and ultimately rot off. Several alia 
varieties highly resistant to the stem nematode h 
ease are available. 
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The roof-knot nematodes ( Meloidogyne spp. ) 
frequently attack alfalfa in regions where these 
parasites ure abundant. They are most prevalent in 
mild climates; hence they are of greatest concern 
in the South and Southwest. Uull-like enlargements 
on roots are a rharacteristie symptom. .See Nlma- 
rn D\; Plant virus; .see also I.m.imk kohac.ks. 

| K.W.K. | 

liibliography : J. (i. Dickson, Discuses of Field 
Crops, 2d ed.. 1956; A. StefTerud fed.). Plant Dis- 
eases. USD A Yearbook Agr., 1953. 


Algae 

An artificial grouping of plants consisting of seven 
remotely related phyla of Thullophyta which have 
attained about the same level of rudimentary de- 
velopment and which possess chlorophyll, carry on 
photosynthesis, and are therefore independent 
fable to make their own food). The form of the 
plant body is extremely varied. Some algae are one- 
c.elled, and mav lie motile or nonmotile. The^e uni- 
cellular forms differ greatly in shape and usually 



^'9* 1. Forms of some unicellular and colonial algae. 
Genera represented: (1,5) G/oeocystis. (2) Kirchnerielta 
( 3,4) Oocystif, (6) Carteria. (7) Sphaerella. (8) Quod- 
r '9u/o. (9) Vo/vox. (10) Asferococcus. (11) Ch/omydom- 
® n °*. (12) Sehnasfrum. (13) Mieractinium. (14) Pie o- 
dorino - (15) £ ug /* no . 06,17) Phoeus. (18) Coe/ostrum. 


(19) Gonium. (20) Anfcistrodesmus. (21) Gloeotoenium. 
(22) Actinasfrum. (23) Pediasfrum. (24) Pandorina. (25, 
26) Scenedesmus. (27) Tefraedron. (28) Ophiocyfium. 
(29) Pediastrum. (30) Sorosfrum. (E. N. Transeau, H. C. 
Sampson, and L. H. Tiffany, Textbook of Botany, 
Harper, 1953) 
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Fig. 2. Fresh-water algae. From left to right the up- 
right filaments are Oedogonium, bearing motile spores, 
eggs, and sperms; Microspora, forming resting spores 
and motile spores; and Ulothrix, forming motile spores 
and gametes. The horizontal filaments are Spirogyra 
(left) and Vaucheria (right). Highly magnified. (Wo rid 
Book Company) 


are microscopic in size. In some of these, the i n . 
dividual cells may become grouped into relatively 
loose aggregations known as colonies, which may 
be filamentous (threadlike), spherical, or platelike 
(Fig. 1). In many of the algae, however, the plant 
body is multicellular with the cells arranged end to 
end forming a branched or un branched filament. 
In certain groups, numerous filaments are com- 
pactly organized to form a tissue, which in cross 
section resembles the parenchyma of higher plants 
( see Pakenchyma). 

Classification. The modern classification of al- 
gae is based on a combination of characteristics: 
the nature of the motile cells, especially with re- 
spect to the number, arrangement, and relative 
length of the flagella (whiplike structures of loco- 
motion) ; the nature of the food reserves stored in 
the cells; and the pigmentation of the cells. Follow- 
ing this procedure, the algae are arranged in seven 
phyla: Cyanophyta, Kuglenophyta, Chlorophvta. 
Chrysophvta, Pyrrophyta, Phaeophyta, and Rhodn- 
phyta. See separate articles for descriptions of 
each phylum. 

Distribution. Algae are found in a great variety 
of habitats. They occur in fresh and salt water ei- 
ther as a part of the free-floating and free-swim- 
ming organisms which make up the plankton or a- 
benthon, attached to the bottom. They also occur in 
and on the soil; in moist places such as rocks, 
cliffs, walls, and trees; on snow and ice; and in hot 
springs. Algae may grow as epiphytes (on other 
plants and animals), as endophytes (living within 
other organisms), as symbionts (in a mutually ben- 
eficial association with some other organism), us 
parasites (obtaining food from living matter), or 
as saprophytes (securing sustenance from dead or- 
ganic materials ). 





Reproduction. The algae multiply both asexu- 
ally and sexually. Unicellular algae reproduce 
^sexually by cell division or by fission (constric- 
tion). Multicellular algae reproduce asexually by 
fragmentation (a part of the plant becoming de- 
tached and growing into another plant), by means 
of immobile spores, or by motile zoospores 
(Fig. 2). Germination of a spore or a zoospore 
gives rise to a new plant. In sexual reproduction 
both unicellular and multicellular algae develop 
special sex organs known as gametangia in which 
the sex cells (gametes) are produced. When two 
gametes fuse, a zygote is formed which upon germi- 
nation produces a new plant (see Chlorophyta). 

Economic importance. The algae have consid- 
erable economic importance. They provide food for 
man. fish, and cattle (Fig. 3). Some serve as puri- 
fiers of water by removing undesirable substances, 
while others contaminate water supplies through 
the production and release of distasteful oils and 
other materials. Algae containing iodine, potas- 
sium, and other minerals are used as soil fertilizers. 
Some algae help build oceanic reefs and may cause 
fouling of ships and other marine construction. 
Others serve as sources of gelatinous substances for 
the culturing of bacteria and fungi, as congealing 
agents for desserts and confections, and as ingre- 
dients of cosmetics, dentifrices, shaving creams, 
shampoos, and other industrial products. See 
Punt kingdom. [p.d.s.] 

Algae fossils 

The remains of seaweeds of former geologic peri- 
ods found in rocks. The majority represent calcar- 
eous algae, although, rarely, impressions or car- 
bon films of noncalcareous types of algae are 
found. 

Today the calcareous algae are important con- 
tributors to the building of reefs; the same was 
tiue in the past. Many times during the geologic 
past, calcareous algae developed locally in such 
abundance as to form or help to form beds of lime- 
stone, bioherms, or reefs. See Organic reef. 

Only a small percentage of the algae ever devel- 
oped the ability to secrete or to deposit calcium 
carbonate. Those making good fossils have be- 
longed to two major groups: (1) the Rhodophyta, 
or red algae, represented by the families Coralli- 
nareae, Solenoporaceae, and Gymnocodiaceae; 
®nd (2) the Chlorophyta, or green algae, repre- 
sented by the families Dasycladaceae and Codia- 
°eae. In addition to these two groups, there is 
another large group of fossil algae known as the 
•Stromatolites. 

Important families. Among the families Coral- 
linaceae and Solenoporaceap, the plants have a 
compact tissue. Lime is deposited within and be- 
tWe «n the cell walls, and thin section! show the de- 
fied structure of the plant tissue. Algae belong- 
ln B to these families may be identified specifically. 

The family Dasycladaceae contains plants 
formed of a central stem from which whorls of 
branches develop. Lime deposits around the stem 
branches. TTie fossils are molds of the plants 
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Diagrams showing variations in shape of stromatolites 
(algae masses), also thin, symmetrically curved laminae 
in some forms. (Adapted from A. A. Shrock, Sequence 
in Layered Rocks, McGraw-Hill, 1948) 


and commonly appear as small cylindrical objects 
which have diaggostic structure in thin section. See 
Dasycladales. 

Among the family Codiaceae, the tissue is 
formed of branching tubular threads. Normally, 
calcification commences at the outer surface and 
works inward. Only in the mature or older plants 
will the entire tissue be calcified, hence preserved 
in the fossils. 

The types of algae mentioned above are the only 
ones making fossils which show structural details 
of the original plants and which can be used to 
date the enclosing strata. 

The Stromatolites are grouped into an artificial 
family, the Spongiostromata. This family is made 
up of plants that belong among the green algae 
(Chlorophyta) or the blue-green algae (Cyano- 
phyta). The plants consist of tiny threadlike fila- 
ments. These develop as mats and feltlike masses 
which precipitate calcium carbonate and entrap 
sediment and organic debris. They form spherical, 
biscuit-shaped, conical, or cylindrical masses of 
well-defined shape and size and often show con- 
siderable surface detail. Commonly, they are lami- 
nated. However, they show very little or no micro- 
structure. The size ranges from semimicroscopic 
to masses more than a meter across. 

Geologic range. Some Stromatolites are the old- 
est known fossils. They occur in rocks of all ages 
from late Archaeozoic to Recent. At various times 
and places they have been important limestone 
builders, especially in the late Proterozoic, during 
the Cambrian, and during the Early Ordovician. 

The Solenoporaceae are known from the Late 
Cambrian to the Late Cretaceous. Coralline algae 
range in age from Late Jurassic to Recent, al- 
though most of the present day genera appeared in 
the Late Cretaceous or early Tertiary. Dasyclada- 
ceae appeared in the Late Cambrian and extend to 
Recent, while Codiaceae are known from the Cam- 
brian to the present. See Coralline algaf.; Cryp- 
tozoon; Girvanella; Halimeda; Solenopora; 
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Stromatoutk. See also Chlohophyta: Cyano- 
phyta; Rhodopiiyta. 

Bibliography : J. H. Johnson, Introduction to the 
study of rock building algae and algal limestones. 
Quart. Colo . School Mines , 49(2), 1954; J. H. 
Johnson, Fossil Algae of Saipan . USDS Profess. 
Paper 280- E, 1957. 

Algebra 

Classical algebra is a generalization of arithmetic, 
made possible by the use of symbols, usually 
letters such as a, y, n, a, and /?, for unknown 
numbers. The principal instrument for solving 
problems is the equation. The answers sought are 
denoted by letters, and statements in the form of 
equations are deduced about the quantities in a 
problem. To sol\e one or more equations, the 
value or values must be found, which, when sub- 
stituted for the unknowns, make the equation or 
equations true. Equations are said to be satisfied 
by such values. Most of the great developments 
in algebra were inspired and guided by the search 
for methods of solving equations, which is the 
central problem in algebra. 

The extension of the number system from the 
whole numbers and fractions of arithmetic to a 
complete algebraic number system was influenced 
by the need for numbers to satisfy equations. 
Thus, the equations x' J —2 = 0 and x s -f 1 - 0 
have no solutions among whole numbers and 
fractions. Even the extended number system does 
not provide solutions for all equations. And even 
though solutions can be shown to exist, they may 
be impossible to find. For example, there i* no 
general method for finding the solutions of all 
equations of the fifth degree. 

Algebra is also concerned with inequalities, 
such as x 2 4- y 2 > 2xy; with arrangements, such 
as the number of ways a set of elements can be 
chosen from a larger set (combinations), or the 
number of ways a *>et can be ordered ( permuta- 
tions) ; with the study of special sets of numbers 
such as the set of coefficients in the expansion of 
a binomial like (<i4-6) n ; and with manipula- 
tions of elements such as matrices, which have 
properties similar to, hut different from, those of 
numbers. In modern algebra the relationship to 
arithmetic seems more remote than in classical 
algebra and the elements are often combined by 
rules at variance with those which stemmed from 
the arithmetic of experience. 

Algebraic operations and expressions. Thu 

operations of arithmetic — addition, subtraction, 
multiplication, division, raising to powers, and ex- 
tracting roots — are the algebraic operations. Ap- 
plications of these operations to symbols for num- 
bers. known and unknown, produce various kinds 
of algebraic expressions. A term is formed by 
multiplication: 4 x 2 y. In a term the known multi- 
plier of the literal part is the coefficient. The de- 
gree of the term is the sum of the exponents of 
unknowns. The degree of 4 x 2 y is 3. By multiplica- 
tion and addition (which includes subtraction be- 


cause of the rules for combining signed num- 
bers), polynomials, or rational integrul expres- 
sions, can be constructed. Polynomials are clas- 
sified according to the number of terms i n t 0 
monomials, binomials, trinomials, and other multi- 
nomials. In polynomials the coefficients can he 
any fixed numbers: 

5 x 2 y — 6y : * 4- 3t ‘ — y/2x 2 -f- ty, 

A fractional expression permits division by un- 
knowns: (.r -f l)/(t 4 1). An expression is i r . 
rational if it denotes root extraction of an expres- 
sion involving an unknown. 

Whereas the operations in arithmetic are de- 
rived from practical experience, their generalisa- 
tions in algebra accentuate the necessity of ax- 
ioms. These axioms govern all operations. 

Axioms. Algebra depends first upon the axiom*, 
of natural numbers (the whole numbers of count- 
ing) : 

1. There exist- a natural number 1. 

2. Each number a has a successor a f . 

3. There is no natural number having 1 as ii* 
successor. 

For each natural number a different fiom 1 
there is precisely one number of which a i- 
the successor. 

5. If a set of natural numbers contains th#* mini 
her 1, and if for each number a in the set tin 
successor f/4- is in the set. then the set contain* 
all natural numbers. 

Definitions of sums and products are based on 
these properties. In order to provide difference* 
in all cases, zero 10) and negative number*' ar»* 
annexed to the system. The rules of signs which 
govern operations with negative numbers arc ;e 
follows: If a and b arc* positive numbers. 

1. ( — a) f i ~b) -• (a 4 b) 

2. -a f- /; » b — a = — I a — b ) 

3. ( — a ) • b =* — ah 

4. ( -a) ■ t h) = ab 


Ratios, quotients, or fractions are defined !•' 
ordered pairs. 


subject to the restriction b / 0. Sums, products, 
and quotients of ratios are defined as follow*: 


a c ad 4- ch a c <|r n . r 

it + d~ hi ' hd~Hd b* d’ he 


Th* algebraic operation* are subject to the 
lowing axioms. 

Addition a 4- b ■» b f- a (commutative) 

(a f l)4r-« 4- (b f r) (associative) 
Multiplication ab « hi (commutative) 

(ab)c - a(br) (associative) 

a (h 4* r) mi ab 4- ar (distributive) 

Equality If a b and b ■■ c, then a * c 



Calcareous algae on reefs, fa) Algal ridge, 
Rongerik Atoll, (b) Algal ridge near Ylig Point, 
Guam ic) Stinging coral Millepora and coral' 
:<ne alga Porolithon near Ourukaen Island, 
B-hni Atoll. <d> The calcareous alga Porolithon 
emit and soft green algae near Ourukaen 
Mand. ie) Coral, pink encrusting algae, and 
ioft green algae near Aga Point, Guam. In 
a and <b) the algal ridge near the reef edge 
•i formed chiefly of the genera Porolithon and 
ivfiophyl/um. (Photographs by J I Tracey, Jr., 






hierations with equations depend upon the axiom: 
f equals are added to, subtracted from, multi- 
lied by. or divide by, equals (division by 0 is 
xrhtded) * the results are equal. That is, if a = ft , 
l H . n a 4- v - h 4- c, a -- c » 6 r, «e ~ be, and 
- ft/c, if r /■ 0. Transposition in an equation 
. simply adding or subtrac ting equals. 

Soine branches of modern algebra employ ax- 
)n m that are different from those stated, ami will 
ot be c overed here. 

Number system of algebra. The positive and 
native whole numbers, zero, and ratios of whole 
ambers constitute the rational number system, 
tdililion. multiplication, and division are the ra- 
ional operations. Root extrac tion is not a rational 
Iteration since its results ure not ijsuallv rational 
umbers. For example, there is no rational mini- 
er whose square is 2. nor am rational number 
hose square is — 1. Two extensions of the mini* 
er system provide irraticuial numbers and imagi- 
iir\ numbers. 

A rational number is a number which ran be 
expressed as the ratio of two integers, a b. with 
ft * 0, ( An integer is a rational number, for 
example. 2 ™ 2 1 . ) 

' \n it rational number js a number whic h is not 
rational but which can he approximated as 
< Iti'teU a- desired b\ rational numbers. I Thus 
\ 2 i- not rational, but for any f ^ 0 there are 
utional numbers a such that the difference 
between r/. and \ 2 is les* than r.) 
i The lational munhers and flu* irrational mini- 
be i *> make up the real number **v-tern. 

I \ pure imuginarv number is a number whose 
sipinie is negative. 

’ \ complex number is the* sum of a real num- 
ber and a pure imaginary number. 

I'lie rational numbers ate identical with the 
'ciminating and repeating decimals. AH other in- 
hnite decimals are irrational numbers. A theory 
“t n*al numbers satisfactory to modern mathema- 
ians. |,jm been devebq>ed since about 18. r >0. 

^ pure imaginary number can be expressed as 

II product ft v 1. where ft is a real number. The 
s 'inl*ol /. replacing \ / — 1. is the imaginary unit; 
li<nrc all pure imaginary numbers have the form 
"■ a,, d all complex numhers have the form 
1 with a and ft both real. Tlie complex num- 

include the real numhers (when ft = 0) and 
, * l, ‘ imaginary numbers (when a ** 0). The 
! ,,|,n ’imaginary” is applied to any complex num- 
),r « I- ft/, with ft ** 0. The complex number svs- 
| Mn is sufficient for the needs of classical alge- 
>r< ‘- In modern algebra the number concept is 
ni0,1 ‘ abstract. 

Exponents and powers. The operation of re- 
J f'aterl multiplication of like numbers is denoted 
-j'| 'Moments and the results are called powers. 

‘ 2 * 2 • 2 *» 2* ** 16; the product of the 
ilic'V^ ** denoted by the exponent 4 applied to 
,asf * 2, and 16 is the fourth power of 2. From 
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the definition of an exponent the following theo- 
rems are derived ( a and ft = any numbers other 
than 0 and n and m are positive integers). 

1 • «"■ a m = a n + m . Example, 2 3 2 4 « 2 7 . 

2. a n ■+■ a m * a n ~ m if n > ra, and ^ if n < m. 

a m '~ n 

Example, 2 4 * 2 2 * 2 2 ; 3* -s- 3 3 ~ 4. 

3. (a")"* - Example, (2 2 ) 3 * 2 6 . 

4. (ab) n ■» a n b n . Example, 6 3 ** (2 a 3 3 ) * 2 3 • 3*. 

This idea of an exponent is meaningful only 
for exponents which are positive integers. In or- 
der to extend the concept to other types of expo- 
nents. three additional definitions are made: 

5. «" = 1 for all values of a other than 0. 

6. a " = 1 a n . 

7 . = V<i n - (\/a) n . 

With these definitions the above rules hold for all 
rational exponents. For example. 

3 «3- « 3 **- = 3 - = 1/3- 

and a l/ " J * = a 1 "-* 1 / 3 — a* ' G 

Radicals. The inverse operation to forming a 
power is that of extracting a root and i * expressed 
by a radical sign. For example. 

V4 “ 2 \*8 = 2 

In vo. a is the radicand and n is the index. Similar 
radicals have the same radicand and the same in- 
dex. and can be added by direct use of the dis- 
tributive axiom. For example. 

3\'5 4- 2f'5 = 5\ v 5 

Radicals with the same index can be multiplied 
or divided by multiplying or dividing radicands. 
For example. 

\'6 • \ S = v 6 • 5 = v30 

Radicals can always be transformed to the same 
index by use of fractional exponents. For ex- 
ample. 

\ a 2 • \ 5 = 2 1 * ■ 5‘ = 2” • 5* '■ 

= ( 2- ) 1 * • (S r, P « = \ ft 2 : • = \ ft 500 

Because of the drf.nition of a fractional exponent, 
a radical sign can be replaced by an exponent. 
For example. 

vj'y _ T i a 

fquations and identities. An equation is a 
statement that two expressions are equal. The 
statement may be false, for example, .v 4 2 * 
t 4 1. It may be true for some values of the un- 
known or unknowns but not for all possible 
values. Such an equation is a conditional equa- 
tion. To solve it is to find the values for which it 
holds true. For example. 3 a - 12 * 0 is true for 
x = 4 only. Or a statement of equality may be 
true for all values of the letters for which the ex- 
pressions have meaning. For example. 3.V — 2 — 
2\ -f f> = r4 4. Such an equation is called an 

identity. 
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Solving conditional equations is the central 
problem of algebra. Identities are used for trans- 
forming and simplifying expressions, mainly to 
facilitate solving equations. Operations on alge- 
braic expressions, including the factoring of poly- 
nomials and the combining of fractions and 
radicals, produce identities that make possible 
the reduction of conditional equations to manage- 
able form. 

Operations on polynomials. Operations on 
polynomials are deduced from the basic axioms. 
The distributive axiom is always applied. Others 
are used equally freely but with less awareness. 
Examples, 

1. (5x 4 3 y) 4 (2x - 4 y) « 5* 4- 2x -I- 3y - 4y 

= (5 4 2)x 4(3 — 4)y * 7x y. 

2. (2x - y) (3* 4- 4r) * (2x - y)3jr 4- ( 2x - y)4y 

« 2x • 3x — y • 3x 4- 2x * 4y — y • 4y 

* 6x 2 4- 5xy — 4y 3 . 

Long division is performed exactly as in arith- 
metic. after first arranging the terms of the divi- 
dend and the divisor in descending, or ascend- 
ing, order of exponents of a letter. For exam- 
ple. (2x 3 — 3y 3 — xy 2 — x 2 y) (2x — 3y) * x 2 4 
xy 4- y 2 . 


x 1 4 xr 4- y* 

2x - S yfex* — x 3 y r - jcv*^3v* 

2x 3 - 3* *r 

2x 2 y - xv* 

4 2xv* - .V 

2xr 2 -.y 

Factoring of polynomials. Factoring of poly- 
nomials is important in many procedures for 
solving equations. Ability to factor depends upon 
a knowledge of some basic special products, just 
as factoring of arithmetic numbers depends upon 
the multiplication table. 

1. ax 4- ay « a(x 4- y), by the distributive axiom. 

2. (x 4 y) (x — y) * x 2 — y-\ whence by reading 
in reverse order, a rule for factoring the dif- 
ference of squares is obtained. For example, 
4a 2 - 96 2 - {2a 4 36) (2a - 36 ) . 

3. (x ± y)- * x 2 dt 2xy 4 y 2 . whence a trinomial 
that is the square of a binomial can be identi- 
fied. One term (the middle term as bere writ- 
ten) is twice the product of the square roots 
of the other terms. For example, x 2 4 6x 4 9 - 
(x4 3) 2 . This knowledge is useful not only 
in factoring but also in discovering a general 
method of solving second-degree equations. 

4. (x 4 a) (x 4 6) - x 2 4 (a 4 6)x 4 ab. Hence, 
trinomials of the form x 2 4 mx 4 n can be fac- 
tored by finding, when this is possible, two 
numbers whose sum is m and whose product is 
n. For example, x 2 4 5* 4 6 « (x 4 2) (x 4 3) . 

5. By multiplication, (x — y) ( x n 4 4 x n ~ 2 y 2 

4 • • * 4 xy 4 y w ) “ x** 1 — y n>1 . Hence, 
the difference of like powers of x and y always 


has the factor x — y. The form of the other 
factor is easily remembered, or it may be found 
by division. For example, x :i — y 3 (* - >, 
(x- 4 xy 4 y ? ) ; a* — 64 « — 2 tt « ( a 2 , 
(a fi 4 2 a 4 4 4a 3 4 8 a 2 4 16a 4 32). 

6 . By multiplication, (x 4 y) (x n — x n x y 4 y* j v 
— • * * 4 y n ) * X n " 4 y n *\ when n is even 
that the final term y n is positive. It follows t| Ull 
the sum of like odd powers of x and y has t}, ( . 
factor .r 4 y. The other factor can he remem 
bered or found by division. For example. 

x » 4 . r * « 4 r) (x 2 — xy f y 2 ) 

a* 4 32 » a 5 4 2* 

« (a 4 2) (a 4 — 2a M 4 4a- - 8 « -f 16 1 

7. The factor theorem: If a polynomial in a |, 
equal to zero when x is replaced by u % it h, h 
the factor .r — a. For example, x ‘ 4 t- , - 
10 is equal to zero if x = 2 . Hence x - 2 i- a 
factor and »he other factor is found by division 
to be x 2 4 3x 4 5. 

Operations on fractions. Fractions are com 

bincd by applying the axioms to the definitions „l 
sum, product, und quotient of fractions, as 
above. Factoring plavs an important role in earn 
ing out these operations. From the definition of i 
product, it follows that 

ab a h 
qc a r 

Hence, like factors can be canceled from tin w 
merator and denominator since this is equivalcn: 
to division by 1. Examples. 


3 _ 2 ‘.\(x 4- 3) - 2(x 4 2) 

2 x 4 3 (x 4 2)(x 4 3) 

x 4 . r ) 
* { x \ 2)(r 


2 . 


x* - r 2 3x* 4 7xv 4 2v 2 
x 2 4 5xy 4 6y 2 3t 2 — 2xv - v 2 

(x^r) (x 4 y) (xjjir) (3*>-t) 
" (xjr*f)(x 4 3y) ’ (3jp^r)(.r^ 


.t ■* 

x 4- 


Conditional equations. Equations are classifn*'! 
first according to the kind of expressions in them. 
The most important class j.s that of rational inte- 
gral equations, or equation* containing only 
nomials. Such equations are further cla»sifir«l 
according to degiee and according to the number 
of unknowns. 

An equation of the first degree is called a l> n * 
ear equation. A linear equation in one unknown 
offers no difficulties. One. and only one solutw ,n 
exists and is easily Sound . If ax 4 6 * () 
ax » —6, and x * —6/a. 

An equation of the second degree is called a 
quadratic. In general, a quadratic in one » n 
known has two solutions, although these nia 
coincide. The principal device for solving <I ,ia 
ratics is a formula, found by the knowledge of t e 
form of a trinomial perfect square. 



Quadratic formula. 1 hi« formula is derived by 
solving the general quadratic ax* f hx + r ** 0, 
where a / 0. After transposing and dividing by a, 
x* 4- ib/a)x ~ — c/a. In factoring, x 2 4- 2k x + 
h- = (x-fAr) 2 . If b/a is identified with 2k , k- = 
/>’ 4«*. Hence, adding b 2 /\a* to both sides of the 
equation gives 


2 * 6* * a c 

a 4a* 4a 2 a 

The trinomial on the left side is equal to ^x + 
Hence* 

/ b \* A* c A* — 4«r 
V 2a/ \a x a Xa 1 



*.nd 

Finally, 



x — — 




— 4oc 
da 2 


6 \^ 2 — \ae 

2a * 2 a 


y/b* - 'lac 
* ~ "2a " ’ 

— 6 dt v/ b 2 — 4ar 
2 a 


Thi- is the quadratic formula, which provides two 

•solutions: 


T| 


— ft + Vb* — kzc 

2a 




— b— \/ h 2 — Uir 
" 2 a 


If h- — \ac U, a 1 = x 2 . The <f uantit v 
/»*■ far i* railed the discriminant r>f the qtiad- 
r title ax* 4 hx 4 c = 0. Example. the equation 
2x — 7 1 F .'1 - 0 has a = 2, 6 ■= — 7, r ~ 3. 


.md 


7 + V4Q - 24 7 + fi o 

SS s 

4 4 

7 - n/19 - 24 7 -51 

4 * 4 = 2 


The solutions of the quadratic are irrational if 
I lie discriminant is positive but not a perfect 
v quare. and are imaginary if the discriminant is 
negative. For example. 3*- -f 5* 4-8 = 0 has 
<1 - 3, b - 5. c = 8, b~ — 4a c = 25 - % * - 71. 
The solutions are imaginary, and are 


— 5 -+- 71 —5 - >/— 71 

tl * — xj « 


Ratio and proportion. The most useful com- 
parison of two numbers is given by a ratio. Thus 
the ratio 2:3, or %. denotes the relative sizes of 2 
a nd 3. If two numbers a and b have the ratio of 
2 to 3, it may be expressed as a/b ** ^ft. This 
equation expresses a proportion, which is simply 
the equality of two ratios. 

•he proportion a/b * %, or a:b * 2:3* means 
that 3a « 2b. The extreme numbers, a and 3. in 
the array a:h = 2:3 are called the extremes, 
whereas the intermediate numbers, b and 2. are 
the means. The equation 3a « 26 results from 
multiplying both members of the proportion by 
’ . * an d states that if four numbers are in propor- 
tion the product of the extremes is equal to the 
induct of the means. All fractional equations 
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can he transformed to rational integral equations 
hy the use of this principle. 

Variation. Practical problems in proportion 
are often expressed in the language of variation. 
To say that the distance varies directly as the 
time is equivalent to saying that the ratio of the 
distance to the time is constant: d/t = r = con- 
stant, or d — ct. Hence, if d\ corresponds to t\. 
and d 2 to l B , then </,/*, = d 2 /t-i and d x /d 2 = 

To say that for a perfect gas the pressure varies 
inversely as the volume means that the ratio of 
the pressure to the reciprocal of the volume (v 

inverted, to become \/v) is constant: ^ = c t or 

1/v 

f>v = c. If pi corresponds to v% and pj to v 2 . 
pir, - p-r-j. whence p\ /p> = v 2 /\)\. In this in- 
stance, corresponding pressures and volumes are 
inversely proportional. .See Analytic ckomf.try; 
Binomial theorem; Equations, theory of. 

[h.r.c.] 

Bibliography: H. R. Cooley, et al„ Introduction 
to Mathematics , 1937; K. Knopp. Theory and Ap- 
plicutions of Infinite Series , 2d ed.. 1948; R. R. 
Middlemiss. College Algebra , 1952. 

Alicyclic hydrocarbon 

Organic compounds containing only carbon and hy- 
drogen atoms joined to form one or more rings. 
The chemic al properties of alicyclic hydrocarbons 
resemble those of the aliphatic hydrocarbons. Syn- 
onyms are cycloaliphatic compounds, cycloalkanes, 
or cycloparafTin.s. Unsaturated alicyclic hydrocar- 
bons are known as cycloolefins, cycloalkenes. or 
cvcloalkynes depending on the t> pe of unsaturation. 

Uses. A number of the alicyclic hydrocarbons 
have important uses. Cyclopropane is a powerful 
anesthetic and is prepared on an industrial scale 
with sales at the rate of $3,000,000 per year. 

CH 2 

/ \ 

ClCH 2 CH 2 CH 2 Br 4- Zn — CH 2 - CH 2 + ZnBrCI 

Cyclohexanes and other of the liquid cvcloaliphatic 
hydrocarbons are useful as solvents. Cyclopenta- 
diene is used ; n resins; lirnonene (CinHir.1 and 
other terpenes are used in flavors and perfumes, 
as solvents, and as intermediates for other impor- 
tant organic compounds. Synthetic camphor, an im- 
portant industrial chemical used as a plasticizer for 
celluloid and oellulosic nitrate smokeless powder, 
is derived from pinene in a two-step synthesis 
through camphene. In 1956. 23.000,000 lb of syn- 
thetic camphor were produced in the United States. 
Adipic acid, one of the basic constituents of nylon, 
can he obtained from cyclohexane or cyclohexanol 
by oxidation. 

Occurrence and nomenclature. Alicyclic hy- 
drocarbons occur widely in nature. Cyclopentanes 
and cyclohexane* are found in petroleum crudes 
and are often called naphthenes. The most impor- 
tant group of alicyclic hydrocarbons are the ter- 
penrs of the general formula C]oHi«. Lirnonene is 
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the parent hydrocarbon of various essential oils de- 
rived from citrus fruits. Turpentine, the volatile 
portion of the gum that exudes from incisions in 
trunks of living pine trees, is predominantly 
a-pinene. 


CH 2 

/ \ 

H*C CH 2 

Cyclopropane 

CH, H 

\ . 

C 

' \ 

H 2 C Cih 


HaC 


CHo 


Methylcvclo- 

pentane 


h 2 c 


Cl la 

. \ 


-CJIa H 2 C 


CHa 


HoC CHa 

Cyclohutane 

CH.. 

\ 

HaC CHa 

; j 

H,C CH 2 

\ / 

CHa 

Cyclohexane 


H 2 C CHa 

Cyclopentane 


HC 

!! 


CHa Cll 3 

/ \ 

C 

l\ 

! ! 1 II 

11C CHa 

\ • 
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4-\fethvlc\clo- 
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CH, 
I ‘ 

•i 

H.(' 




'CH 

Limohcnc 


hc; 




CH 


X 


*<:— ch 


CH 


.CH, 


H 

Of-Pliiene 


Polynuclear alic\dir hvdrocarhons are those 
which contain more than one ring. These can he* 
divided into four subgroups. 

Compounds containing discrete rings joined di- 
rectly or by a carbon chain: 


(CHo)m 


~! r~ 

CH-CH- 


(CH,t. 


(cii t ) m J:h-(ch s ) p 6c (in,). 


Compounds with one carbon atom common to two 
rings (spiranea) : 


(crt,) M c 


(Ol,). 


Fused or condensed rings where two carbon 
atoms are common to two rings: 

| CH -| 

(CIU)m I (CH,). 

I CH 

Bridged rings where two nonadjarent carbon 
atoms in a ring are joined by a bridge of one or 
more carbon atoms : 


CH 



The alicvclic hvdrocarhons arc svsteinaticulh 
nurned h> denoting the number of carbon atoms j„ 
the nucleus, as in the straight chain ‘•erie-^. arid 
adding the prefix *V>rlo.” file tused and bridged 
two-ring alicvclic hvdrocarhons utilize the prclix 
“hicvclo/* and inserted in hr at ketv. in decreipsinj: 
order, tfie number of ring member* joined to ritliri 
side of the common carbon atom. Tim* drculivtiiu- 
naphthalene (Decalin) is bic\e|o| 4. 1.0 Iderane and 
camphanc is 1.7.7-trimeth> Ihicvcloj 2.2. 1 iheptanc 

i'll 


CH. 


Il.tr 
* 1 

s cn 

i 

"CII 

I 

1 

H U 

J.H 

Ml 


Ml. 


H.m alivdioiidphtlul«Mir 
I d*‘< «i 1 in I 


If </ 


\ 


11 — c:— t.ii. 

i 

ii. t. 

\ 

tr 

ii 

if iIi.im* 


Spiralled are named h\ the i »-•* <»f the prefix “^pir 
followed, in d«*< reading order, hv the nuinhei 
atoms ronnei ted to tin* * mitral atom : 


oa oo 

>puo[ 5. 1 |de "*piio| |l»rpLii 


Molecular structure. I p to the carl OW 

substituted < \« lohexanes were the only alicvcln 
hydrocarbons known, Thev were formed h\ the :id 
dition of hvdrogcn to the corresponding aminats 
hvdrocarhons and for this reason have been «iilh‘d 
hvdroaromatic compounds. It also had been stat»*<l 
that smaller or larger ring compounds were inta- 
pable of existence. Between |88U and 188f>. h«»" 
ever, representatives of the cyrlopropa.ie. «•>« lolm- 
tane arid cve lopentane ring systems were prepared. 
It was soon apparent that the different ring s '“ 
terns exhibited wide variutiorfcs in stahilitv. Cvro- 
propane showed many of thd characteristic reac- 
tions of un-sat u rated coinpoitnds. and the cw " 
butarn* ring proved quite reactive when compart* 
to cyclopentane and cyclohexane, whose derivative 
showed great resistance to ring opening. 

In his famous strain theory, J. K. A. von 
was the first to account for these difference** in 
activity. Based on the tetrahedral model o 
carbon valences proposed by J. A. Le Bel an 



van’t Hoff, the normal angle subtended between any 
of the four valences of the carbon atom would 
^ l09 o 28'. If all of the carbon atoms in a ring 
ar e in tb<* *arne plane, any deviation from the stand- 
ard valence angle would set up a condition of 
strain. The angular deviations may be readily com- 
puted and are given in Table 1. 


Table 1* Angular strain In planar allcycllc hydrocarbons 


NundHT of 
C atoms 
in ring 

Angle, 

o 

Degree 
of at rain 

Heat of 

combuHtion/f'IIs, 

krai 

^ 3 

60 

+24°44' 

168.5 

4 

90 

+9°44' 

165.5 

5 

10ft 

-f0°44' 

159.0 

6 

120 

-5°16' 

158 0 

7 

129 

-9°si' 

158.0 

IS 

155 

— 23°16' 

157.0 


Bather’s theory proved misleading by implying 
that large rings would be incapable of existence, 
staid** rings containing 30 or more members are 
im» known and arc indeed strainless, since it has 
l.mi shown that, in rings containing moTe than 
lull i members, the carbon atoms are not in a plane 
] l( ]l assume a stiainfree puckered configuration. The 
)i,. a m o! combustion given in Table 1 indicate the 
trrfdoni of strain in the larger rings, whereas the 
ihnr- and four- mem bered rings do show appreci- 
able strain. Kxamples of strain less rings are the 
i\>u forms of cyclohexane known as the chair and 

iiM.it : 


out. i ii < n t.ii.t.Hn 

< \i InjM UtClIC ( dllt.ll.lldl'il\d«‘ 

r acb point of intersection represents one of tlie six 
* ailmn atoms. These two forms are interconverti- 
l'b*. the chair form being the more stable by 5.6 
k' al mole. The low energy of interconversion pre- 
' bides isolation of either form in the pure state at 
temperature. 

Physical properties. The alicvclic hydrocarbons 
M 10 20° ( ' higher than the corresponding alipha- 
tic hydrocarbon*. In the straight-chain series, the 
uniting point* rise continuously with increasing 
•hain length, while the values for the analogous 
a hn<l!c compounds rise to a maximum and de- 
Pnf l a minimum. A similar situation exists in 
1 p density which, for the normal paraffins, in* 
«rea^ steadily with increasing number of atoms. 
H ” e ihc-e of the cycloparaffins reach a maximum 
ill 1 . s f° w Iy* approaching the values for 

! e s ! ra j»ht-chain series. The maxima or minima in 
t ^ ,ca * properties usually occur in the region be- 
diff!” an< ^ 12-membcrcd rings. This 

tai * n I ,ro P er **« | suggests that in rings eon- 
roukf Up l °. ^ rarbon atoms, the molecule is 
Ae* J sp jj f rica l * n »hape, while in the higher rings 
proal^L ecome P an| Hel and the properties ap- 
ffiose of the straight-chain hydrocarbons. 
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Table 2. Physical properties of tome allcycllc 
hydrocarbons 


Compound 

For- 

mula 

Melting 
point, °C 

Boiling 
point, °C 

Den- 

sity 

Cyclopropane 

C.He 

-127 

-34.5 

0.688 

Cyclohutane 

C 4 lli 

-50 

13.1 

0.733 

Cyclopentane 

CbHio 

-93.3 

49.5 

0.745 

Cyclohexane 

Cell,, 

6.5 

80.3 

0.779 

Cycloheptane 

C 7 IIh 

-12 

118-120 

0.828 

Cyclooctane 

f -»1 1 is 

4.3 

148 9 

0.836 

Cy clod ecu ne. 

Ciolljo 

9.7 

69/12 mm 

0.853 

Cyrlotetrndecanc 

CuHm 

54 

131/11 mm 

0.863 

Cyclocicosnnc 
Tetra hydro- 

C m H 4 o 

46 

— 

0.850 

naphthalene 

CjoIIh 

-30 

207 

0.971 

f -yclohexene 

C.lf,o 

-103.7 

83 

0.810 

CydopenUidiene 

C t H. 

-85 

40.2 

0.807 

Cyclooct yne 

C,H„ 

“ 

72-76/100 

mm 

0.844 


The ph ysical properties of some alicvclic hydro- 
carbons are given in Table 2. 

Chemical properties. Alicvclic hydrocarbons in 
general exhibit a stability toward heat and chemi- 
cal attack comparable to that of the corresponding 
open-chain compo .nds. Only in cyclopropanes, and 
in oclobutane* to a lesser extent, is there any 
marked ring instability. Cyclopropane undergoes 
catalytic hydrogenation readily to n-propane. 

CH 2 

h./: - cu. H, ' N,M20 ° > ch 3 cii 2 ch 3 

The ring can also be opened by many reagents, 
such as bromine, hydrogen bromide, or sulfuric 
acid, that would normally add to double bonds. 

The multiple bond in cvcloolefins is generally 
more reactive than its straight-chain counterpart 
and when cleaved, provides a convenient source of 
difuni tional organic derivatives. 

hooc(ch 2 )«cooh 

Cyclohexene Adipic Acid 

CH 3 O 

CH 3 C.<CH 2 )«COOH 

Mcthvlcvclo- 6*Ketoheptanoir Acid 
hexene 



Cliai i Boat 

Stereochemistry. The semirigid nature of the 
smaller rings prohibits free rotation of the carbon 
atoms and allows the polysubstituted alicvclic hy- 
drocarbons to exist as geometrical isomers. 1,2- 
Dimelhyicyclohexane exists in both cis and trans 
forms. 

Systems of two or more fused rings can also be 
found in either cis or trans forms. Catalytic hydro- 
genation of naphthalene produces two decahydro- 



244 Alidad* 


<T> 

cw-i,2-Dimethylcyclohexane 

i f 

CH, CH, 


trans- 1.2-Dimethylcyclohexane 

i r 

CH, 

00- 

00 + 0Q 

Naphthalene 

ru- Decal in irana- Decal in 

mp —43 t’ nip —32 (' 

bp 195 C bp 185 C 


naphthalenes (Decalins) differing onl> in the man* 
ner of ring fusion. 

In spiranes the tetrahedral nature of the common 
carbon atom requires that the rings lie in planes 
perpendicular to each other. Monosubstituted spi- 
ranes possess no element of symmetry and can exist 
as optical isoinen*. They are capable of resolution 
into mirror image dextro and levo forms. 

Preparative methods. Alicyrlic hydrocarbons 
are generally synthesized by three general meth- 
ods: (1) ring expansions. (2) ring closures, and 
(3) ring contractions, each followed by removal of 
any existing functional group. Some examples are 
given below : 





<XH)~ 

V:oo- 





The yields in these reactions are generally highest 
in the preparation of compounds with five-, six-, 
and seven-membered rings. Six-membered rings 
may also be conveniently prepared by hydrogena- 
tion of the corresponding aromatic derivatives. 

Unsaturated alicyclic hydrocarbons of all ring 
sizes containing one double bond can be synthesized 
by standard methods for introducing unsafuration 
in the paraffin series. Cyclopentadiene is the sim- 
plest alicyclic diene that has been prepared. The 
triple bond (acetylenic linkage) has been incorpo- 
rated only into the rings containing eight or more 
members (cyclooctynej. This is due to the great 
amount of distortion required to incorporate such 
a rigid group into a cyclic system. Six-membered 
rings containing a triple bond have been postulated 
as transient intermediates in a number of organic 
reactions, but no products have been isolated with 
this structure. See Aliphatic hydrocarbon ; Aro- 
matic hydrocarbon; Conformational analysis; 
Hydrocarbon; Tropolone. [d.r.b.] 


Bibliography : R. C. Fuson, Alicyclic compoun, 
and the theory of strain, in H. Gilman, Or^nn 
Chemistry . 2d ed., 1943; E. II. Rodd (cd.), c/, n 
istry of Carbon Compounds , vol. 2, pts. A and 
1953-1956. 

Alidade 

An instrument for topographic surveying and mj 
ping by the plane-tuble method; also any sijdnj, 
device or pointer employed for angular incase, 
ment. The surveying alidade has a telescope. 
attached graduated vertical circle, mounted „ n 
flat base that ran be moved about the table. Tj 
base embodies a straight-edge. 



An alidade. ( Kern instruments , Inc.) 

The stadia technique is usually applied in tu* - 
uring distances and elevation difference** betue 
the plane-table point and observed point-. I*" 
direction to the point is established hv >igbtii*r 
the point through the telescope. A direction line 
then drawn along the straight-edge and it* 
is scaled. .SVe Plane table; Topogkaphu m |1 ‘ 

VKYING AND MAPPING. ( 1 

Aliphatic hydrocarbon 

One of a group of hydrocarbons in which ff ,tMjr 
bon atoms are joined in o^en chains. Ihev ji™' ** 
classified in accordance with their composition atf 
their chemical behavior. Two major classification^ 
are the saturated and the unsaturated cla^CN ^ 
latter including several homologous series ,M 
ing on the number of double and triple ‘ M,m 
present. a . 

The systematic names adopted by the l nt,r " 
tional Union of Pure and Applied ChembtO 
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AHpMtto hydrocarbons 


Number of 
carlion atoms 

Alkane 

A Ik ene 

Alkyne 

l 

CH, 

Methane 

— 

- 

2 

CH,-CI|* 

K thane 

Cll,— CH, 

Ethylene 

CHobCII 

Acetylene 

3 

CH,- Cll, (.11, 

Propane 

I’ll.— C’.H CH, 

Propene 

CHaeCCH, 

Propyne 

4 

CH* — CH,— Cll* -Cll* 
Butane 

Cll, CH Cll,— CH, 
l-ltulene 

C.H~C1! 2 ~CH 2 — CH* 
l-Butyne 



CH, C.II-— CH — Cll, 

2 Butene 

Cflj-CsC -CH, 

2-Butyne 


CH, Cl! Cll, 

1 

Cll,— C— CII, 

j 

— 


ch, 

Isolmtnne 
( met hy (propane) 

Cll* 

Isobutylene 

frnetli\lpro|>ene) 



the aliphatic hydrocarbon* are formed b\ adding a 
*uffix lane, -ene, *>ne. -adienc. etr. ) indieating the 
[\pe nf compound to pi fix indicating the nuni- 
i»*r of ear lion atoms present. The first four pre- 
fixes are rneth*. eth-, prop-, and blit-. The succeed- 
mft prefixes are derived from the Creek or Latin 
wnrif for the number: pent-, hex-, hep!-. net-. 


<:h, ah 

c <: 

If H 

rij-2-Rutcne 


ch 3 h 

\ 

<: c 


H CHa 

trnn .t-2-Rutene 


CH» C CH, CHo CH CH CH, 
Allene 1,3-Butadiene 

(1,2 propadiene) 


CH; Cll CH CH CH CH, 
1.3.51lexatriene 


t:Hs=c c=-c ch, ch, ch c-h:h 

I .l-Pentarlivne I -Buten-.H-yne 

(vmvlaeet\lene) 

. CH, CH Cll CH CwCH 

l,3-i|pxadien-5-yno 

Hie saturated compound*, which are known a* 
Paraffin hydrocarbons, or more systematically, as 
^ anp% *. nt the empirical formula C M H, W .,. The 
,n H>ers having four or more carhon atoms exist 
n s haight-chain (or normal) and branched-chain 
j^niers. \«»t counting optical isomer*, there are 2 
Wanes with different carbon skeletons. 3 pentanes. 
a U PXan, % 9 heptanes. 18 octanes, and 35 nonanes. 
jIi ^*h*h are known. Calculations have shown 
a it is theoretically possible to have more than 


300.000 eieosanes ( C,oH i, ) and more than 4.000,- 
000.000 triacontanes (C t <,Hr,, ) ; only a very minute 
fraction of the number of possible isomers of such 
hvdrocarhons has been prepared. 

Compounds containing one double bond and hav- 
ing tlie formula C B H, h are olefins (or alkenes). The 
first two members of the series, ethylene and pro- 
pene. both exist in one form only. The next higher 
homolog. C,Ik. has two straight-chain isomers ( 1- 
butene and 2-butcne) and one branched-chain iso- 
mer fisobutvlene or methvlpropcne. sometimes 
incorrect l> called isobutene). There are two geo- 
metrical isomers of 2-hutene. namely ris-2-butene 
and frnns-2- butene. A« the length of the chain in- 
creases in both the s’raight-chain and the branched- 
chain olefins, the number of isomers formed by a 
change in the position of the double bond increases 
rapidly. »#■ Isomf.rism. molecular. 

There are two homologous series of aliphatic 
hydrocarbons having the formula C„H 2 n 2 : (1) 
acetvlenes (or alkvnes), which contain one triple 
bond, and (2) diolefins (or alkadienes), which con- 
tain two double bonds. The latter may be classified 
according to the relative positions of the double 
bonds: Ur) alienic double bonds (both double 
bonds on a single carbon atom) as in allene. 
CH. C-CH, ; (M conjugated double bonds 
(double bonds separated by a single bond) as in 
1. 3-butadiene. CH* — CH — CH---CH,: (c) noncon- 
j ugated. isolated, double bonds (double bonds 
separated bv at least two single bonds) as in 1.4- 
pentadiene. CH--CH- CH 2 --CH ~CH 2 . 

Aliphatic hydrocarbons having three double 
bonds per molecule are termed triolefins or alka- 
trienes; those containing a larger number of double 
bonds are named in analogous fashion. Similarly, 
the open-chain hydrocarbons containing two triple 
bonds have the generic names alkadiynes. while 
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those groups of hydrocarbons containing both dou* 
ble and triple bonds may have names such as 
alkenynes, alkadienynes, or alkenediynes. See Al- 
kane; Hydrocarbon; Unsaturated hydrocar- 
bon. [L.S.] 

Alkali 

Chemically, one of the caustic hydroxides of lith- 
ium, sodium, potassium, rubidium, cesium, and (for 
practical purposes) ammonium salts. All alkalies 
are soluble in water and tarnish in air, and. in con- 
centrated form, are corrosive to the touch. Sir Hum- 
phry Davy first proved their nature as hydroxides 
in 1807. The presence of an alkali in a solution is 
indicated by the change in color of a piece of lit- 
mus paper from red to blue. 

Commercially, the term alkali refers mainly to 
soda ash (sodium carbonate), including natural 
deposits and artificial forms made from salt and 
sulfuric acid, salt and ammonium bicarbonate, or 
electrolytically from salt, steam, and carbon diox- 
ide. Alkali products include lye, potash, caustic 
soda, potassium hydroxide, water glass, and bi- 
carbonate of soda. Alkali soils contain more alkali 
than is suitable for most agricultural purposes, 
and usually occur in arid regions. See Acid and 
base: Hydroxide; Potassium; Sodium; Soil. 

[g.co.] 

Alkali metals 

The elements of group la in the periodic table of 
the elements. Of the alkali metals, lithium differs 
most from the rest of the group, and tends to re- 
semble the alkaline-earth metals (group Ha of 
the periodic table) in many ways. In this respect 
lithium behaves as do many other elements that 
are the first members of groups in the periodic # ta- 
ble; these tend to resemble the elements in the 
group to the right rather than those in the same 
groups. Francium, the heaviest of the alkali-metal 
elements, has no stable isotopes and exists only in 
radioactive form (see table). 

In general, the alkali metals are soft, low-melt- 
ing, reactive metals. This reactivity accounts for 
the fact that they are never found uncombined in 
nature but are always in chemical combination with 
other elements. This reactivity also accounts for the 
fact that they have no utility as structural metals 
(with the possible exception of lithium in alloys) 
and that they are used as chemical reactants in in- 
dustry rather than as metals in the usual sense. 
The reactivity in the alkali-metal series increases 
in general with increase in atomic weight from 
lithium to cesium. See Cesium ; Electrochemical 
series; Francium; Lithium; Periodic table; Po- 
tassium; Rubidium; Sodium. [m.sl] 

Bibliography : American Chemical Society, Han- 
dling and uses of the alkali metals, Advances in 
Chem. Ser., 19, 1957; R. N. Lyon (ed.). Liquid- 
metals Handbook , 3d ed., Navexos P-733, 1955; 
J. W. Mellor, A Comprehensive Treatise on I nor- 
garde and Theoretical Chemistry , vol. 2, 1922. 


Isotopas of the alkali matals 



Normal 

Mass 

Radio- 

■ 

Element 

at. wt 

no. 

active 

Half-life, 

lithium, Li 

6.94 

5 

Yea 

10*«« ^ 



6 

No 

Stable c 5l 



7 

No 

Stable (<)•> r, 



8 

Yea 

0.83a 



9 

Yea 

0.17a 

Sodium, Na 

22.997 

20 

Yea 

0 23a 



21 

Yea 

23 0m 



22 

Yea 

2.6y 



23 

No 

Stable (loo, 



24 

Yea 

15.0b 



25 

Yea 

60a 

Potassium, K 

39.096 

37 

Yes 

1.2s 



38 

Yea 

7 7m 



39 

No 

St n bit* 1Q3 j 



40 

Yea 

1 2 x 10»> 



41 

No 

Stable ((,(), 



42 

Yea 

12 4b 



43 

Yea 

22h 



44 

Yea 

27rn 

Rubidium. Rb 

85.48 

81 

Yea 

1 7h 



82 

Yea 

6 3h 



83 

Yea 

80ft 



81 

Yea 

23m 



85 

No 

Stable (72 2 



86 

Yea 

19d 



87 

Yea 

6 2 X 10'% 





<27 Rt 



88 

Yea 

18m 



89 

Yea 

15m 



90 

Yea 

2 7 in 



91 

Yea 

1 trn 

Ceaium. Ca 

132 91 

127 132 

Y es 

Short 



133 

No 

Stable (]()() 



131 

Yes 

3 X JOS 



135 

Yea 

2 3y 



136 

Yes 

13d 



137 

Yea 

37 v 



138 IIS 

Yes 

Short 

Francium, Fr 


223 

Yea 

21 rn 


• Figures in parentheses indicate the omir 

rence in nature. 


Alkaline-earth metals 

Calcium, strontium, and barium are the heavier 
members of group Ila of the periodic table. TV 
first member of this group, beryllium, resemble* 
aluminum more than any other element; and niag- 
nesium, the second member, although sometime* 
classed with the alkaline earths, behaves more like 
zinc and cadmium. The gap between beryllium and 
magnesium and the remainder of the elements of 
group Ila makes it desirable to discuss these ele- 
ments separately. Properly speaking, radium if 
also an alkaline-earth metal, but it is often treated 
separately because of its radioactivity. 

J. J. Berzelius first reduced the metals to the 
elementary state, but obtained them as amalgam* 
by electrolysis; Sir Humphry Davy in 1808 isolated 
the metals in the pure state by distillation of 
amalgams that were produced electrolytically. To- 
day, industrial preparation of these elements in- 
volves electrolysis of their molten chlorides or re 
duc'tion of their oxides with fcluminum. 

The alkaline earths form a closely related group 
of highly metallic elements! in which there » a 
regular gradation of properties. The metals, none 
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of which occurs free in nature, are all harder than 
potassium «r sodium, softer than magnesium or 
beryllium, and about as hurd as lead. The metals 
B re somewhat brittle, but are malleable, extrudable, 
and machinable. They conduct eleetrieity well; the 
specific conductivity of calcium i* 45'# of that of 
^lver. The oxidation potentials of the heavy mem- 
bers of the triad are as greut as those of the alkuli 
metals. 

The alkaline earths exist as large divalent rat- 
ions in all their compounds, in which the elements 
are present in the 2-f- oxidation state. The metals 
have a gray-white luster when cut but tarnNh readily 
in air. They burn brilliantly in air when heated, and 
form the metal monoxide, except for barium, which 
forms the peroxide. A certain amount of nitride i«. 
formed simultaneously, especially with calcium. 
All the metals dissolve readilv in arid. Whereas 
calcium reacts smoothly with water to yield livdro- 
gen. the heavier members react as violently as so- 
dium does. All the metals are soluble in liquid 
ammonia, yielding stronglv reducing, electrically 
conducting, blue solutions. The, order of solubility in 
water for most salts is calcium > strontium > bar- 
ium. except that the order is reversed for the fluo- 
rides. hydroxides, and oxalates. All three elements 
unite directly with hydrogen to form hvdrides and 
with nitrogen to form nitrides, hut whereas ease of 
formation of nitride increases with atomic number. 
f:i*e of formation of a hvdride decreases. 

The elements and their compounds find impor- 
tant industrial u^cs in low-melting alloys, denxi- 
•li/>*r". and drying agents, and as cheap sources of 
alkalinity. See Bahum; Bfrym.ii m; Camiim; 
Mm.nf.smm; Pfriodm. lAM.k; Raihi'm; Stron- 
1M*M. \ R.F.R. I 

Alkaloid 

One of a group of nitrogenous bases of plant ori- 
gin. such as nicotine, cocaine, and morphine. Mo*t 
<>f the alkaloids show marked physiological activity, 
and crude extracts of various alkaloid-bearing 
plants have been used since antiquity because of 
their curative or poisonous effects. 

In 1804. the isolation of morphine was described 
although its basic character was not recognized. 
A few years later, it was described as the first mem- 
her of a new class of substances, the vegetable 
alkalies. In 1818, it was proposed that such vegeta- 
ble bases of complex structure and with pro- 
nounced physiological action be called alkaloids, 
meaning alkali-like. 

Well over 1000 alkaloids have since been isolated 
nr have been shown to he present in some 97 fam- 
ilies .,f plants. Alkaloid-hearing plants have been 
found in virtually every habitat in which vascular 
plants grow. 

Occurrtnce. Alkaloids arc found most fre* 
quently in the higher seed-bearing plants, and es- 
Penally in dicotyledons. Occurrence in the lower 
[mn-secd-bearers is rare. As more plants are exam* 
ln< *d. more families are included in the alkaloid- 


hearing group, for new genera containing alkaloids 
are reported regularly. Some families contain very 
few such genera, and the processes which gave rise 
to the alkaloid-hearers of these groups appear to 
have involved mutations. 

An extreme of another kind is encountered in the 
Papaveraceae, in which all species contain alkaloids 
and no mutations resulting in alkaloid-free plants 
have yet occurred. The majority of plants occupy 
an intermediate position. For example, all species 
of Aronitum and Delphinium elaborate alkaloids, 
although most of the other genera ( Ranunculus , 
Trollius , Anemone) do not. In general alkaloids 
from plants of closely related genera are similar in 
structure; those from remotely related genera usu- 
ally differ markedly. 

The elaboration of alkaloids in plants is not 
localized hut appears to he a characteristic of all 
organs including the seeds. However, not all organs 
of any one species must have alkaloids; for exam- 
ple. the seeds of the tobacco plant and of the 
opium poppy are devoid of alkaloids. In perennials 
during the first year of growth, alkaloids seem to 
be quite even;* distributed among the various or- 
gans, but with increased age there appears to be 
some localization in a few organs. For instance, the 
bark of arborescent plants is generally richer in 
alkaloid* than are the leaves or shoots; this may 
he attributed to their accumulation in the bark 
vear after year. While localization of the alkaloid* 
in various organs doc* not appear to occur in the 
annuals, there is a marked fluctuation of alkaloid 
content throughout the growing season. The period 
of maximum output of alkaloids appears to coin- 
cide with the early flowering stage. 

When plants elaborate more than one alkaloid, 
their ratio in the plant is not necessarily the same 
in all stages of powth. Some alkaloid* are virtually 
absent in the young plant, but increase to isolable 
amount* as the plant approaches maturity. This 
may explain why different investigator* frequently 
report the isolation of different alkaloids from the 
same specie*. Furthermore, cultural and climatic 
conditions exert an effect on the alkaloid content of 
plants. Thus, the amount of alkaloids in opium 
varies with the source, and the variation is attrib- 
utable both to varietal differences among the pop- 
pies and to climatic condition*. Planters in Java 
have been very successful in increasing the quinine 
vield from the cinchona tree by selection and rtil- 

ation. Strains of tobacco and of lupines can he 
selected and cultivated to yield greater or lesser 
amounts of alkaloids. 

The function of alkaloids in the plant is still a 
subject of speculation. The alkaloids are generally 
concentrated in the living tissue at points of intense 
cell activity, from which they are often cast aside 
and stored in such dead structures as the seed hulls 
or outer hark. These facts have led to the view that 
the alkaloids are end products, or by-products, of 
amino acid metabolism in plants. Other theories 
regard alkaloids as reserve materials stored for 
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protein synthesis, protective substances which dis- 
courage animal or insect attack, plant stimulants 
or regulators similar to hormones, or detoxication 
products rendered harmless by the plant's defense 
mechanisms. 

Isolation, separation, and identification. Chem- 
ical work on the alkaloids starts with their isolation 
from plant materials. Because very few plants elab- 
orate a single alkaloid, the main problem is usu- 
ally the separation of mixtures. The alkaloid mix- 
ture is usually isolated by extraction of the pow- 
dered plant parts with water, alcohol, or dilute 
acids; or the vegetable material may be treated 
with alkali, and the alkaloid extracted by organic 
solvents. The crude mixture obtained after pre- 
liminary processing is purified by solution in dilute 
acid and filtration from insoluble material. The 
alkaloids are then reprecipitated with alkali or ex- 
tracted with an immiscible solvent from an alkaline 
solution. 

The individual alkaloids are sometimes separated 
from each other through differences in the solubili- 
ties of the bases and their salts. Fractional crys- 
tallization is based on these differences. Fractional 
extraction by countercurrent distribution utilizes 
differences in both basicities and solubilities of the 
alkaloids. Other useful processes are absorption 
chromatography, and partition chromatography. 

The nomenclature of the individual alkaloids has 
not been systematized, and they draw their names 
from a variety of sources. A great many important 
alkaloids have received names derived from those 
ot plants, such as papaverine, quinine, berherine. 
A few are named from their physiological action, 
such as morphine, emetine. Some are named from 
their physical characteristics, such a* hygrine. 
Only one, pelletierine. has been named for an alka- 
loid chemist. 

The alkaloids are usually crystalline, colorless 
substances; only a few are liquid. Colored alka- 
loids are rare. Nearly all alkaloids form crystalline 
salts with acids, and these salts are frequently used 
in characterizing the base. Alkaloid reagents are 
solutions used to detect or identify minute quanti- 
ties of the natural bases or their derivatives and 
can be divided roughly into precipitant** and color 
reagents. The precipitating reagents combine with 
alkaloids to give highly insoluble complexes. The 
color reagents are usually dehydrating or oxidizing 
reagents, and these give characteristically colored 
solutions upon reaction with alkaloids. 

The determination of the structures of alkaloids 
has been one of the most fascinating chapters of 
organic chemistry. Almost all the known nitrogen- 
containing ring systems, both saturated and un- 
saturated, are encountered among the alkaloids. 
The molecules vary widely in complexity, ranging 
from the relatively simple systems such as nicotine 
to the very complex polycyclic structures of mor- 
phine and strychnine. 

Uses. Many alkaloids have great value in medi- 
cal practice because of specific pharmacological 
actions. Thus, morphine and some of its related 


compounds are the best known agents for the relief 
of pain. The curare alkaloids produce paralysis of 
voluntary muscle and hence are used as an adjunct 
to anesthesia in surgery. The ergot alkaloids are 
used clinically to induce motility of the uterus in 
the last stages of pregnancy. The belladonna alka- 
loids prevent the normal response of smooth muscle 
to nervous impulses; they are used particularly to 
control excess activity of the gastrointestinal tract 
and to paralyze the accommodation muscle of the 
eye in ophthalmic practice. Until World War II 
quinine was the standard antimalarial drug in nied. 
ical practice. 

The isolation of pure individual alkaloids on 
large scale is sometimes prohibitively expensive 
Furthermore, the synthesis of many of the mem* 
useful alkaloids is frequently impractical. These 
facts, together with the undesirable pharmacolog- 
ical side effects accompanying the favorable action 
of some alkuloids. have resulted in the expenditure 
of considerable effort on the synthesis of related 
substitute compounds. In the treatment of malaria, 
quinine has been largely replaced by svnthetii 
compounds. Synthetic procaine and similar drugs 
have supplanted naturally occurring cocaine in lo- 
cal anesthesia. .Sec Athoimnk; Cocaink; \!oh 
rtliNK; Nh.omnk; Qumnk; Strychnin*.. 

! s.M.K ' 

Bibliography: T. A. Henr\. The Plant Alkaloids 
Ith ed.. MO; H. H. F. Manske and H. L Holme, 
feds.). The Alkaloids , . r > vnls.. 19S0 19S5. 


Alkane 


A member of the series of saturated aliphatic hv 
drocarhons having the empirical formula 
The members of this series are sometimes called 
paraffin hvdrocarbon* or simply paraffins. While n 
is true that methane and the lowei molenilar 
weight straight-chain alkanes are rrlativel} ume 
active, the higher molecular weight homologs par 
ticularly the branched compounds containing ter- 
tiary carbon atoms, are quite reactive as is shown 
below. 

Nomenclature. The alkanes are nsuallv named 
in accordance with the rules of the International 
Union of Pure; and Applied Chemistry flUPAC* 
which adopted the ending “ane" for saturated h\- 
drocarhons. Branched-chain paraffins are named a* 
derivatives of the longest straight chain in the 
compound, the location and game of the alkyl rad- 
icals in the branches being indicated as prefixes 
If there are two or more choices for the longest 
chain, that one will usually jbe selected which has 
the most substituents, unless a much simpler name 
results from choosing another chain even if if h 
shorter. By this system the |wo isomeric heptane 
having a single branch containing a single carbon 
atom 


CHaCHCHzCH^HzCH, 


CH* 


<21 i GH,CHCH 1 C:H j CH 3 

Ah* 


are named 2-methylhexane and 3-methylh<** an ^ 
the compounds are never named 5 -methylhex fln 
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or 4-methyl hexane since the lowest possible nuni- 
Iters are used. 


FoMUlto 

Name 

Formula 

Name 

au 

Methane 

Guidon 

Nonadeeane 

C,H« 

Ethane 

C 20 H 42 

Eieosune 

rjh 

Propane 

G 21 H 44 

lleneieosane 

C 4 Hin 

Butane 

QrJG* 

Docosane 

C,Hl2 

Pentane 

(^alhii 

Tricosaiie 

GiHm 

Hexane 

Q 4 H 50 

Tetracrosane 

C7HI* 

Heptane 

Wlw 

Peiitaeosane 

Cjli* 

( )ctane 

CoaHm 

Hcxaeosane 

rjiio 

Nonane 

C27HM 

Ileptacosane 

('laHw 

Decaiie 

QhHm* 

Octacosane 

CI1H24 

Hendecane 

( . n H m 

Nonacosane 


(undeenne) 


Triacontane 

C K H 26 

Dodeeane 

(« 3 |Hm 

Hcntriacontanc 

CI9H28 

Tridecane 

Gvdlfts 

Do triacontane 

CI4H.W 

Tetradecane 

G .nil rh 

Tri triacontane 

C,iH n 

Pentadecane 

(ociIIh* 

Tetracontane 

r.ifiiG* 

Hexadecane 

GmiHius 

Pentacontane 

Cj 7 lla« 

Heptadecane 

I 1 1 *»2 

Hexaeontane 

(IirHas 

( )ctaderane 



An alternate system 

of naming 

the alkanes is 

ihe complete skeletal sy 

stern in which the type of 

branching furnisher the 

means of 

naming the lin- 

branched 

1 and certain mil 

r 1?\ branch 

ed alkanes. The 


Mraight-rhain compounds are distinguished from 
iheir isomers bv the prefix /i-, an abbreviation for 
normal, as in fi- butane. (The n- is italicized in 
print ami never capitalized since the prefix V- i- 
■i-cd to indicate substitution on a nitrogen.) If the 
paraffin h\drnrarh<»n is straight-chain except for 
•»ne methyl group on the second carbon atom, the 
Mifiipound i> named with the prefix “iso" (for in- 
stance, isobutane, isopentane, isohexane >. In this 
Kinneetion it should be noted that, although the 
name isooctane correctly designates 2-methvlhep- 
tane. it should he avoided because of the unfortu- 
nate u>e of the misnomer “isooctane” in the petro- 
Icum industry to represent 2.2.4-trimethvIpentane. 

Two alkanes, neopentane (dimethvlpropane) 
and neohexane (2.2-dimethvlbutanc) . are named 
unambiguously by using the prefix “neo.“ None 
•d the other gcm-dimethvl alkanes can be named 
h the neo plan since they involve isomers. 

Occurrence. The largest sources of alkanes are 
natural gas and petroleum. These contain both 
^raight-rhain and hranched-chain isomers. Several 
n °rmql paraffins (heptane. nonane, hexadecane. 
taptacosane. nonacosane. and hcntriacontanc) ltave 
wsn isolated from vegetable products. See Hydro- 
•arbon. 

Synthesis of alksnss. A number of procedures 
are ava, *able for preparing the alkanes which are 
not readily obtained in pure form from natural 
forces. They may be prepared directly bv the ac- 
l ! )n ^dium on an alkyl halide or on a mixture 
^ tWo alkyl halides, or by the electrolysis of salts 
SI ac ^ 8 ^ See Koi.BE HYDROCARBON SYNTHE- 

s * Wprt2 reaction). They are also obtained by 
e reaction of zinc alkyls with alkyl halides, a re- 
lon is related to the Wurtz reaction. 


Branched-chain alkanes may be synthesized by 
hydrogenation of the corresponding alkene. Al- 
kenes are prepared directly or via the synthesis of 
a simple compound (usually an alcohol) having 
the desired carbon skeleton. Thus, the reaction of 
the Grignard reagent, HMgX (in which R is an 
alkyl group and X is a halogen), with an allylic 
halide, such as CHR'-CHCH 2 X, will yield an 
alkene. RCHvCH - CHIP. 

CH. 

i 

Cl 1 J C MrCI f Ql,- -Cl 1 - CH 2 C1 — 

CH, 

Clla 

CH : , C CH, CH CHs 4- MgCl* 
CH.i 

Altrrnativrlv. I In- reartion of the Grignard reagent 
with an aldehyde. ketone, ester, or epoxide yields 
an alcohol which is then dehydrated to the alkene. 

The reaction of carbon monoxide and hydrogen 
in tlie presence of a cobalt, iron, or ruthenium 
catalvst at temperatures in the range 170-32S°C 
and pressure of 1 200 atmospheres, depending on 
the catalw. yields predominantly straight-chain 
alkanes containing 3 -20 carbon atoms (Fischer- 
Tropsch synthesis). 

Ml of the alkanes through the nonanes and most 
of the decanes have been prepared in pure form. 
Considering the myriad of possible isomers of the 
higher molecular weight alkanes, comparatively 
few have been prepared because there has been no 
particular interest in obtaining more than a rela- 
tively few' typical examples of each molecular 
weight. The laig«M alkane of know'n structure 
which has been prepared has the formula 
Co Jlnm : 2.3,9,13,17.24.28,32.36, 41.45.49.S3.60.64. 

68.72. 73-octadecimethylhexaheptacontane. 

Physical properties. Alkanes containing fewer 
than 5 carbon atoms are gases at room temperature 
and atmospheric pressure. The pentanes through 
the hexadecanes are mostly liquids (examples of 
exceptions: dimethvlpropane is gaseous; tetra- 
methylhutane. crystalline). Straight-chain alkanes 
having more than 16 carbon atoms are waxy solids: 
paraffin wax consists largely of n-alkanes contain- 
ing 20-30 carbon atom* The boiling points and 
the melting points of the normal paraffins in- 
crease w r ith increasing molecular weight. They 
have higher boiling points than any of their 
isomers, and. for the compounds boiling below 
/I -octane, they have lower boiling points than the 
lowest boiling isomer of the next higher homolog. 

The refractive indices and the densities of the 
alkanes are lower than those of the other types of 
hydrocarbons having the same number of carbon 
atoms. 

The alkanes are soluble in many organic solvents 
such as alcohol and ether. They are practically 
insoluble in water. 
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Chemical properties. The alkanes, particularly 
the straight-chain isomers, unlike the alkenes and 
aromatic hydrocarbons, are not readily affected at 
mild temperature conditions by acids and oxidizing 
agents such as sulfuric acid, nitric acid, and 
potassium permanganate. Because they are satu- 
rated hydrocarbons, they react chiefly by substitu- 
tion of other atoms, or groups of atoms, for hy- 
drogen atoms. They also undergo reactions in- 
volving scission, or splitting, of carbon-carbon or 
carbon-hydrogen bonds. 

Halogenation. A mixture of mono- and polvhalo- 
genated alkanes is formed by the action of chlorine 
and bromine on alkanes when the reaction is 
carried out at high temperatures (thermal reac- 
tion) or under irradiation with light of short wave- 
length (photochemical reaction). Hydrogen halide 
is formed as a by-product. The halogens react very 
slowly with alkanes in the dark at room tempera- 
ture. The direct fluorination of alkanes i* a highly 
exothermic reaction, and special apparatus and 
procedures are necessary to control the reaction. 
The product of the fluorination of methane con- 
sists not onlv of methyl fluoride, methvlene fluo- 
ride. fluoroform. and carbon tetrafluoride. but also 
of hexafluoroethane and octafluoropropane formed 
by condensation reactions. Similarly, fluorination 
of ethane produces scission, the product containing 
carbon tetrafluoride. as well as polvfluorinatcd 
ethanes. Alkanes are not iodinated when treated 
with iodine. 

Sitration . Alkanes containing tertiary carbon 
atoms react with dilute nitric acid at 105 110°C 
(liquid pha*e nitration) to yield nitroalkanes. 

H 


CH* — C—CHr—CHa + HNOj, — 


CH, 


NO, 


CHr- C -CH 2 --ai, + 11*0 

i 

CH. 


The straight-chain paraffins require a higher 
temperature for nitration. The vapor phase nitra- 
tion of methane, ethane, and propane with nitric 
acid at about 400-420°C is now a commercial 
process for the manufacture of nitromethane. nitro- 
ethane. and 1-nitropropane and 2-nitropnpane. 
useful solvents and chemical intermediates. All 
four compounds are obtained when propane is 
nitrated. The average composition of the nitration 
product is about 25% nitromethane, 10% nitro* 
ethane, 25% 1-nitropropane. and 40%, 2-nitro- 
propane, which are readily separated hy distilla- 
tion. 

Sidfonation. Concentrated sulfuric acid does not 
react appreciably with alkanes at ordinary tem- 
perature. On the other hand, fuming sulfuric acid 
(oleum) reacts with the higher molecular weight 
alkanes, particularly those containing tertiary car- 
bon atoms, yielding sulfonic acids. 


RH + H2SO4 SO3 RSOiH + H2SO4 

A preferred method for obtaining alkanesulfoni, 
acids from alkanes consists in treating the hydro, 
carbon with a mixture of chlorine and sulfur r]j 
oxide: 


RH + Cl* + S<> 2 - RSO 2 CI + 1IC1 
RS() 2 C1 f H 2 0 -> RSO,H + IIC1 

The alkanesulfonic acids are water-soluble strong 
acids. The sodium salts of the higher molecular 
weight compounds are used as wetting agents and 
detergents. 

Oxidation. The reaction of alkanes with oxygen, 
yielding carbon dioxide and water, is highly rxo 
thermic, an important property in their iw 
fuels. The heat of combustion of methane ( the 
amount of energy evolved per mole of niethanr 
burned) is 212.8 kcal 'mole. The heat of comhu- 
tion increases with increase in molecular weight of 
the alkane, the increase for each additional (*H 
group being fairly constant at about 156 kcal. 

If the supply of oxvgen is deficient, the oxid.i 
tion of the alkane will produce carbon nmnuxidf 
or even carbon fin the form of carbon black). Tlo 
oxidation can also he controlled to produ< e mi\ 
tures of alcohols, aldehydes, ketones, and acids, 
thus, methanol, ethanol, propanols, formuldrlmi* 
acetaldehyde, acetone, acetic acid, and propinnn 
acid are obtained bv the air-oxidation of tlo 
propane-butane fraction of natural gas. Oxidation 
of paraffin wax produce* I besides some aldelod*- 
and ketones) higher molecular weight acids whid. 
react with alkali to produce soap or with gh« ♦■in- 
to produce synthetic fats. 

Decomposition. All alkanes decompose h ra»k 
when heated to high temperatures. Methane e 
converted to carbon and hydrogen when heated 
above about 900°C. Ethane yields ethvlene aro! 
hydrogen at temperatures eboxe about 600 t 
Similarly, propane is dehydrogenated to vield |>r*» 
pent* and hydrogen: however, the chief rcactiei' 
is one involving scission of a carbon-carbon Iwn-J 
producing methane and ethylene. The higher al 
kane* also give product* of both dehydrogenation 
and carbon-carbon scission, ethylene being a hmi'T 
product of their thermal decomposition in 
range 500 650°C. 

When the decomposition of higher alkane* 
carried out in the presence of a catalyst. Mich a- * l 
silica-alumina composite, cracking occur* at •' 
lower temperature (400 5O0°C) and the prodw* 
contains less ethylene and larger amounts of pr° 
pene and higher alkenes, as Veil as more branch* ‘ 
chain hydrocarbons than qre formed in therm* 
cracking. ^ 

Metals such as vanadium, nickel, cobalt, 
iron catalyze decomposition of alkane* to car)*™ 
and fydrogen. 

Dehydrogenation . The thermal dehydrogenate 
of alkanes of less than six carbon atoms. 
panied by little if any cracking, can he ^ 
plished by use of catalysts such as the oxu** 11 
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chromium* molybdenum, or vanadium on alumina 
at temperatures in the range of 450-550°C. Higher 
alkanes undergo cyclization and dehydrogenation, 
yielding aromatic hydrocarbons; /i-heptane is thus 
converted to toluene. 

Alkylation. Alkanes may be condensed with al- 
ines to yield highcr-molecular-weight branched* 
chain alkanes under both thermal and catalytic 
conditions. Thermal alkylation takes place at high 
temperatures (about 500°C) and pressures (about 
150-300 atm). Catalytic alkylation proceeds at 
much lower temperatures and pressures. The tem- 
perature is usually in the range of from about 
-30 to about 100°C depending on the catalyst 
used; the pressure need only be sufficient to keep 
the reactants in the liquid phase. 

Two types of acid-acting catalysts can be used* 
(l) anhydrous halides of the Friedel-Crafts type, 
such as aluminum chloride, aluminum bromide, 
zirconium chloride, and boron fluoride, promoted 
bv gaseous hydrogen halides; and (2) protonic 
acids such as concentrated sulfuric acid and liquid 
hydrogen fluoride. 

There are a number of marked differences be- 
tween thermal alkylation and catalytic alkylation. 
Propane and other normal paraffins, as well as 
isoparaffins, may be alkylated thermally. On the 
other hand, only paraffins that contain tertiary 
tarbon atoms can be alkylated catalytically in 
satisfactory yield. Thermal alkylation occurs most 
readily with ethylene, less readily with propene 
and the straight-chain butenes, and least readily 
with isobutylene. The reverse is true in catalytic 
alkylation. The principal product of the thermal 
alkylation of isobutane with ethylene is 2.2-dimeth- 
ylbutane (neohexane); of catalytic alkylation, 
2,3-dimethylbutane ( hi isopropyl ) . 


CHi 

i 

CH, -CH + CHf»GHi 


CH a 


600*r 

300 atm 


CH a 

I 

- CHj — C — CHj — CHi 


CHa 


A1CU + HC1 
25®C 


CHa — CH — CH — CHa 



The catalytic alkylation of isobutane with gase- 
<>us olefins offers an economical means for the 
Products >n of high-octane motor fuel from refinery 
Wses. It played an important role in World War II, 
during which “alkylate" was produced for use as 
a Com ponent of 100-octane aviation gasoline at the 
rat ; c o* over 5,000,000 gal/day. 

homeruation. Alkanes undergo conversion into 
jwmeric alkanes when treated with certain cata- 
yws. The most potent catalysts are aluminum 
C or *de and aluminum bromide promoted by hy- 


drogen halide or water at about 0-150°C. The 
higher temperatures are usually avoided since the 
yields of the desired isoparaffins are diminished 
because of side reactions such as cracking and 
“autodestructive alkylation," a disproportionation 
reaction which yields alkanes of higher and lower 
molecular weight than the reacting alkane. 

The portion of the hydrocarbon undergoing 
cracking and autodestructive alkylation also in- 
creases with increasing molecular weight of the 
alkane. These side reactions can be suppressed in 
the case of pentane and hexane isomerization by 
carrying out the reaction in the presence of hy- 
drogen either alone or mixed with certain organic 
compounds, particularly aromatic hydrocarbons 
and cycloalkanes. 

Isomerization of alkanes is also catalyzed by 
certain group VIII metals on an oxide support. 
These include platinum-alumina-combined halogen 
and platinum, nickel, or cobalt on silica-alumina. 
The reaction temperatures are in the range 350- 
450°, and the hydrogen pressure, 20-80 atm. See 
Reforming (petroleum refining). 

Isomerization is a commercially important reac- 
tion for the production of isobutane for the cata- 
lytic alkylation process and for the conversion of 
low-octane number normal paraffins to high-octane 
number isoparaffins. 

Sulfuric acid catalyzes the isomerization of al- 
kanes containing tertiary carbon atoms, but not 
of those containing only primary, secondary, and 
quaternary carbon atoms. The principal reaction 
is the shift of an alkyl group (usually a methyl 
group) along the carbon chain. See Aliphatic 
hydrocarbon; Alkyl radical; Alkylation; 
Alkylation, petroleum; Cracking; Halocena- 
tion ; Hydrogenation; Isomerization; Nitra- 
tion; Petroleum processing. [l.s.] 

Alkanolamine 

One of a group of viscous, water-soluble amino 
alcohols of the aliphatic series. They are commer- 
cially available in the low molecular weights con- 
taining 2-^ carbons. Ethylene oxide adds to am- 
monia to yield ethanolamine, HO — CH 2 — CH 2 — 
NH 2 ; diethanolamine, (HO— CH 2 — CH 2 ) 2 NH; 
and triethanolamine, (HO — CH 2 — CH 2 ) 3 N. Pro- 
pylene oxide gives a similar series. Reduction of 
nitroalcohols yields homologs of ethanolamine it- 
self. Long-chain fatty acid salts of alkanolamines, 
so! -Me in both water and hydrocarbons, act as 
soaps, wetting agents, or emulsifying agents for 
insecticide sprays, lubricating coolants, polishes, 
and waxes. Triethanolamine is an excellent corro- 
sion inhibitor for antifreeze solutions. Alkanol- 
amines readily absorb acidic gases such as C0 2 
and H 2 S. and these gases may be recovered by- 
heating. 

The trimethylammonium salt of ethanolamine 
(choline) is a representative constituent of a class 
of biological substances known as phospholipids, 
including the lecithins. See Amine; Phosphatide; 
Surface-active acent. [i.b.c.] 



252 Alton* 


Alkene 

One of the class of unsaturated hydrocarbons con- 
taining one or more carbon-to-carbon double bonds. 
Hydrocarbons with a double bond in simple straight 
or branched chains (acyclic hydrocarbons) are 
termed alkenes or olefins. When the double bond 
is present in a nonaromatic ring, or alicyclic hy- 
drocarbon, it is termed a cycloalkene. In naming 
alkenes by the Geneva nomenclature the suffix 
"ene” is used and the position of the double bond 
is indicated by a number. For example, the two 
isomers in commercial diisobutylene are 


CH, CH| 

CHi — C — CHj — C=CHi CH| — C — CH=C — CH 

Ah, Ah, Ah, Ah, 

2,4,4-Trimethyl-l-pentene 2,4,4-Trimethyl-2-pentei 


Preparation of alkenes. The methods used are 
(1) thermal processes such as cracking of paraffin 
hydrocarbons, (2) dehydration of paraffinic or 
cyclic alcohols, (3) removal of hydrogen halide 
from halogenated paraffins, (4) removal of halogen 
from dihalogen-substituted paraffins having the 
substituents on adjacent carbon atoms, and (5) the 
dry-distillation of quaternary ammonium bases. 


ALKENES 

CH*=CH, CH*=CH — CHj 
Ethylene Propene 1 -Butene 

OTr><T{=CT--CHi CH*=C — CH, 


2-Butene 


CH, 

Isobutylene 

(methylpropene) 


Properties of alkenes. The lower alkenes up to 
pentene (CsHio) are gaseous at ordinary tempera- 
ture and pressure, are insoluble in water, and burn 
with a smoky flame. They are readily hydrogenated 
in the presence of catalysts such as nickel or plati- 
num black; they take up chlorine and bromine and 
decolorize potassium permanganate solutions. Halo- 
gen acids, sulfuric acid, and formic acid add across 
double bonds, and in turn these may be hydrolyzed 
to alcohols. Glycols may be prepared from alkenes 
by the action of hypohalous acids and of potassium 
permanganate and by epoxidation. Acids can be 
prepared by oxidation and aldehydes by the Oxo 
synthesis (see Hydroform ylation ; Ozonization). 
A process using alkenes is polymerization (see 
Polyolefin resins). See also Addition reaction; 
Epoxidation; Unsaturated hydrocarbon, [c. a. c.] 

Alkyl radical 

A monovalent radical, CftH 2lM i v which may be con- 
sidered to be formed by loss of a hydrogen atom 
from an alkane. In general formulas, it is usually 
designated by R; thus, RH and RQ represent al- 
kanes and alkyl chlorides, respectively. 

The names of the alkyl radicals are formed by 
replacing the “ane” ending of the alkane by M yl.” 


As shown in the list below, some of the lower- 
molecular-weight isomeric radicals have been gj ven 
trivial names based on the type of carbon atom 
having the free valence. 


Radical 

Name 

CH, 

Methyl 

CHjCHr 

Ethyl 

CH,CH,CH, 

n-Propyl 

ch.Chch, 

Isopropyl 

CH,CHjCH,CH, 

n-Butyl 

ch,ch 2 Chch, 

see- Butyl 

CHiCHCIIr 

1 

Isobutyl 

CH, 

CHjCCH, 

1 

terf-Butyl 

CH, 

CH,CH,CH,CH,CH, 

n-Pentyl 

CH,CHCH,CH, 

i 

Isopentyl 

CH, 

CH,CCH,CH, 

1 

Jert -Pentyl 

CH, 

CH, 

i 

CH.CCH, 

i 

Neopentyl 

CH, 

CHjCHjCHjCHjCHjCH, 

n-Hexyl 

CHjCHCHtCHjCHr 

Isohex vl 


CH, 


The meaning of prefixes is n-, normal; srr-, second- 
ary; tert-, tertiary. Note that sec-pentyl, for ex- 
ample, cannot be used since it could refer to ei- 
ther CH 3 CH 2 CH 2 CHCH 3 or CH 3 CH 2 CHCH 2 CH, 
( 1 -methyl butyl and l-ethylpropyl, respectively). In 
naming radicals, the carbon atom having the free 
valence is always considered as carbon atom num- 
ber 1. A primary alkyl radical having a single 
methyl branch on the penultimate carbon atom i* 
an isoalkyl radical. 

Thermal, photochemical, and peroxide-induced 
reactions usually proceed by what are known a« 
free-radical chain mechanisms, since radical# are 
involved as intermediates. Reactions believed to in- 
volve alkyl radicals include thermal cracking of 
alkanes, thermal polymerization of alkenes, thermal 
alkylation of alkanes, thern|al or photochemical 
halogenation of alkanes, and tnany other reactions. 
(The corresponding acid-catalyzed reactions in- 
volve alkyl carbonium ions.) Alkyl radicals arc 
formed by the symmetrical? scission (homolytir 
fission) of a bond (electron pair) in an alkane, 
which yields two electrically neutral fragments 
(designated by R*) f each of which contains one 
of the electrons of the bond. Scisaion of a cftr * ,on ' 
carbon bond usually requires less energy than scis- 
sion of a carbon-hydrogen bond and therefore w * 
place more readily. The formation of radicals fro 



butane at 600°C is illustrated by the equation: 

- CH»- + -CHiCHjCHi 

- CH»CHj- + CHjCH, 

CH|CH*CH|CH| — 

► CHjCHiCHjCHi- + H 

U ch,ch/:hch, + h 

A radical thus formed may (1) abstract a hy- 
drogen atom from another molecule to yield an 
alkane and a new alkyl radical, (2) decompose to 
yield an alkene plus a smaller alkyl radical or a 
hydrogen atom, (3) add to an alkene to yield a 
higher-molecular- weight radical, or (4) dispropor- 
tionate with another radical to yield an alkane plus 
an alkene. See Cracking; Free radical; Pyroly- 
sis. Ll.s.J 

Alkylation 

A chemical process in which an alkyl radical is 
introduced into an organic compound by substitu- 
tion or addition. By the use of alkylating agents 
Hich as olefins, alcohols, or alkyl halides, alkyl 
groups are bonded together or to other compounds 
through carbon, oxygen, nitrogen, sulfur, or metals. 

Though the general terms addition and substitu- 
tion cover all alkylation processes, the detailed re- 
actions can he quite dissimilar. Some reactions 
clarified as alkylations are the Williamson ether 
s\nthesis, the Friedel-Crafts reaction, and the 
Wurtz reaction. Some alkylation reactions are: 

Alkyl hound to carbon: 

C 2 H.| + G«H« — ► CftH&Czlis 

Ethylene Benzene Ethylbenzene 

Alkyl hound to oxygen: 

2CjHf,OH — ► ( C2H5 ) 2O + H 2 0 

F.thyl alcohol Ethvl ether Water 
CH,l + QsHibONa CH 3 OC 2 H 3 + Nal 

Methyl Sodium Methyl ethyl Sodium 
iodide ethylate ether iodide 

Alkyl bound to nitrogen: 

2C2H5CI + 3NH 3 
Ethyl Ammonia 
chloride 

(C 2 H 5 ) 2 NH + 2NH4CI 
Diethylamine Ammonium 
chloride 

Alkylbound to sulfur: 

2CjH 4 0 -f H 2 S S(C 2 H40H)2 

Ethylene Hydrogen Thiodiglycol 

oxide sulfide 

A1 M hound to metal: 

^HaCi + 4NaPb 
Ethyl Sodium-lead 

chloride alloy 

(CsHslaPb + *NaCl + 3Pb 
Tetraethyllead Sodium Lead 
chloride 

tio^ iny * m P ortan * chemicals arc made by alkyla- 
m "j. 80mc being used directly, others as inter- 
lale§ far the manufacture of other chemical 
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compounds. Ethylbenzene, for example, is dehydro- 
genated to make styrene, important in rubber and 
plastic manufacture. Ethyl ether is the most widely 
known anesthetic. Tetraethyllead is an important 
antiknock additive for gasoline. Many other appli- 
cations could be mentioned, including some of the 
synthetic detergents (the alkylaryl sulfonates). 
See Alkylation, petroleum ; Friedel-Crafts re- 
action; Organic reaction mechanism; Petro- 
leum processing; Substitution reaction; 
Wijrtz-Fittig reaction. [h.c.ri. j 

Bibliography: L. F. Albright and R. N. Shreve, 
Alkylation, /nd. Eng . Chem. t 51(9) : 1056-1064, 
1959; P. H. Groggins (ed.), Unit Processes in 
Organic Synthesis , 5th ed., 1958. 

Alkylation, petroleum 

As applied to the petroleum industry, the reaction 
of isoparafins with olefins to produce higher iso- 
paraffinic compounds. In commercial operations, 
C 3 , C 4 , and C& olefins alkylated with isobutane 
yield alkylates which distill in the gasoline range 
and which arc principal components of high- 
octane fuel for internal combustion engines. 

The opposite reaction, dealkylation, is also im- 
portant in the petroleum industry. Aromatic com- 
pounds such as naphthalene are now produced 
from refinery reformate stocks containing alkyl-aryl 
compounds by hydrodealkylation. See Cracking. 

Alkylation processes. Although thermal alkyla- 
tion is possible, most commercial alkylation proc- 
esses. are catalytic because they give higher yields 
of the desired products. Some of the commercial 
catalytic processes for alkylating olefins with iso- 
hutane are summarized in Table 1. In most in- 
stances, with these processes highly branched hy- 
drocarbons can b<* selectively produced from any 
olefin under the proper conditions of time, tem- 
perature, pressure, and olefin-isoparaffin ratio. The 
most selective alkylation processes operate at rela- 
tively low tempeiatures and at pressures sufficiently 
high to maintain liquid-phase operation. Thermal 
alkylation requires higher temperatures and rather 
high pressures. Alkylation of butenes with isobu- 
tane and a sulfuric acid catalyst leads other alkyla- 
tion processes in total capacity. 

Alkylation plants are simple. As the illustration 
shows, they include a reactor, an isoparaffin re- 
cycle system, and a product fractionation system. 
Cooling is normally employed because the alkyla- 
tion leactions are highly exothermic. 

Alkylation conditions. The alkylation reaction 
is complex, and operating conditions have a 
marked influence on the products that are formed. 
The reaction is usually explained by the formation 
of carhonium ions as reaction intermediates. Cata- 
lysts employed in alkylation have considerable 
polymerization activity for olefins. Isomerization, 
cracking of the feed or products, and self-alkyla- 
tion can also occur. 

Olefin polymerization results in the production 
of high-molecular-weight products that lead to loss 
of catalyst activity and high catalyst consumption. 
Polymerization is controlled by maintaining a high 
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Table 1. Soma commercial alkylation procoaaoa and tholr products 


Olefin feed: 

Ethylene 


Propylene 


Butenra 

Pentenes 

Catalyst: 

A1CU 

AICU 

II, SO* 

II F 

1I*S<>* 

HF 

II, SO* 

iifi 

Temperature, °F: 

100- 150 

70 150 

30-80 

15 100 

30 70 

15 120 

30 70 

40 lo 

Principal products 



% volume of total alkylate 



Isopentane 





10-1 

10 1 

10 50 

10? 

2,3-Diinethylbutane 

40-85 








2,4-Dimethylpentane 


20- ? 

20-5 

10-3 





2,3-Dimethylpentaue 


26-? 

30 70 

25 80 





Dimethylhexanes 





15 3 

40-3 



2,2. 4-T rimethy Ipentane 


4-? 

5-15 

20^ 5 

25 15 

9-45 

10-20 

24 -? 

2.3, 4-Triine thy Ipentane 





10-18 

1 t 35 

5 8 

5-? 

2,3,3-T rimethy Ipentane 





12-21 

0 15 

58 

4 ? 

2.2,3-Trimethylpentane 





3-7 

0-1 

13 

1 ? 

2,2,5-T rimethy 1 hexane 







25 5 

29 ? 

2, 3, 5-Trimethyl hexa ne 







10 3 

6 3 



Alkylation, a petroleum fuels process. 


ratio of isobutane to olefin through recycle of iso 
butane and good dispersion of the olefin in the 
hydrocarbon, and by control of temperature and 
residence time. The effects of alkylation condi- 
tions on product quality, yield, and selectivity are 
shown in Table 2. 

Catalysts are subject to deactivation or destruc- 
tion by several extraneous components inadvert- 
ently present in the feed. Components such as 

Table 2. Effects of alkylation conditions 


Results under 


Properties of product 

Good 

Poor 

conditions 

conditions 

Quality specifications. 



C« alkylate (end point 338°F) : 



ASTM motor octane number (clear) 96 

90 

ASTM research octane number 
(clear) 

Rich aviation index number. 

98 

92 

4.6 ml tetraethyllead 

Lean aviation octane number. 

171 

142 

4.6 ml tetraethyllead 

110 

105 

Total yield of alkylate, 
vol. % on olefin 

Selectivity, vol. % 

179 

157 

on C, + alkylate 
fC*Ht, 

2 

11 

iC, -f iCj 

3 

12 

Trimethyl pentanes 

84 

30 

Dimethyl hexanes 

7 

11 

Ctf 

4 

36 


dienes, acetylenes, hydrogen sulfide, mercaptan*., 
and excess water will adversely affect most alkyla- 
tion catalysts. See Alkane; Alkylation; Bimnk : 
Carbonium ion; Isomerization ; Pktrolfim 

PROCESSING. | fl.L.KI.j 

Bibliography : B. T. Brooks et al. (eds. I. The 
Chemistry of Petroleum Hydrocarbons . vois. I 
1954-1955; A. E. Dunstan (ed. ), The Scienev <>t 
Petroleum , vol. 5, pt. 2, 1953; G. Egloff and 
G. Hulla. Alkylation of Alkanes , vols. 1-3, 1948. 
R. E. Payne, Alkylation -what you should know 
about this process. Petrol. Refiner , 37(9) :316 32 9 
1958. 

Alkyne 

One of a group of organic compounds containing a 
carbon-to-carbon triple-bond linkage ( — <> C — 1 
They are termed acetylenes or alkynes. While ex- 
hibiting many of the characteristics of alkene** a** 
regards unsaturation, the acetylenes have man\ 
unique properties. Since the bonding in alkvne 
molecules is linear, R - C^C — R, cis-trans isomer- 
ism is not possible, and acetylenic derivative** ran 
exist in only one form. Contrary to older idea** 
which were based on the concept of rigid bonds, 
free rotation about the triple bond is possible. In 
the simplest alkyne, acetylene (HCssCH), or in 
monosubstituted acetylenes, the hydrogen attached 
to triply bonded carbon is acidic to such a degree 
that it is replaceable with metals such as sodium. 
Resonance theory does not o9er a satisfactory ex- 
planation for this behavior end the reaction ap- 
pears to be ionic. 


CHmCH 

Acetylene 


ALKYNES 

CHneCHs — CHi — CHi 

j-Butyne 


CH—C-CH, CHi — 0»C— CHi 

Propyne 2-Butyne 

Synthesis of alkynes. General methods for the 
preparation of alkynes depend on (1) r0 * 

halogenation of a, /?-dihalo paraffins: 




H H 

R — il — ll- -If 

i i 


R-CsC-H + 2HX 


(2) conversion of aldehydes or ketones to dihalo- 
paraffins with subsequent dehydrohalogenation: 

R CH 2 CHO R— CH2CHX2 — R—GaCH 

r—COCHi — R - CX*CH, — R— OssCH 

(3) alkylation of metallic acetylides with alkyl 
halides in liquid ammonia: 

r-OhC— M + R # X — R-GsC- R' 4- MX 

lirignard reagents of 1-alkynrs behave similarly. 

Reactions of alkynos. The reactions of t riplv 
bonded carbon compounds are in general similar 
«n those of compounds containing ethvlenic bonds. 
Udition reactions proceed in two stages to form 
fijxt a \iny I compound or substituted ethylene and 
second the substituted paraffin. Thus, hydrogen 
, bloride and hydrogen evanide add to acetvlene 
u. form the technically important intermediates. 
Mini chloride and acrylonitrile. In the presence of 

HtinTH + HQ - HjO-CHCI 

Wtylcnc Hydrogen Vinyl chloride 
chloride 


HiC cun 4 hci h 3 c aicit 

l.l-Dichlorocthane 

HCsCll 4 HOaN - IhC CHCssN 
Hydrogen Acrylonitrile 

cyanide 

catalytic quantities of alkoxides. acetylene adds to 
alcohols and phenols to give vinyl ethers. Reac- 
tion^ of this type, in which addition takes place 
1» replacement of hydrogen with a vinvl group, 
are termed vinylation. With a zinc naphthenate 
rataly st, nuclear vinylation of phenol occurs. Kore- 
an is a polymer made from the nuclear vinyl de- 
rivative of p-f erf-butyl phenol. In the presence of 
zinc or mercuric salts, carboxylic acids add to 
acetylene to give cither vinyl esters or alkylidene 
di« arhoxylates. Alkyl and aryl mercaptans vinvlate 
readily as do compounds having the >NH slruc- 
tur *- An interesting development of the latter re- 
action was the synthesis of a polyvinyl pyrrol idone 
known as Persiston, which was used as a blood- 
^ asma substitute in Germany during World 
ar H. In the presence of mercuric salts, acety- 
ene hydrates to acetaldehyde, and substituted 
^tylcnes yield ketones. 

Another form of addition reaction known as 
* aviation involves the addition of acetylene to 
^saturated compounds or the elimination of wa- 
Cr rom Mroxylated compounds. Addition of 
coni ^ 10 aMc Mes or ketones under certain 
ttions yields acetylenic carbinols or glycols. 


R— 0=0 4- HCsCH 


II 
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R— CH — CsaCH 

Ah 


2^0=0 + HOsCH )C — CssC — 

OH (b 

A general reaction of alkynes involves the addi- 
tion of carbon monoxide and water, or compounds 
having an active hydrogen, in the presence of 
nickel carbonyl. Hydrogen donors such as alco- 
hols, carboxylic acids, amines, and mercaptans may 
add to yield acrylic derivatives. 

Polymerization of alkynes may yield acyclic, 
aromatic, or alicyclic derivatives. In the presence 
of cuprous chloride, acetylene dimerizes to vinyl 
acetylene which adds hydrogen chloride to give 
chlornprene f 2-chloro- 1,3-butadiene ) . Polymeriza- 
tion of chloroprene in the presence of free radical 
initiators gives the commercially important syn- 
thetic rubber, neoprene. Thermal polymerization of 
acetylene yields benzene as the major product and 
also a wide variety of polynuclear aromatic com- 
pounds. Of great theoretical and practical impor- 
tance is the polymerization of acetylene to the cy- 
clic tetramer. cyclooctatetraene. Sec Addition re- 
action; Ai.kkne: Cyclooctatetraene; Unsatu- 

RATED HYDROCARBON. [C.A.C.] 

Allanite 

A mineral, also known by the name orthite, distin- 
guished from other members of the epidote group 
of silicate*- by a relatively high content of rare 
earths, chiefly cerium, lanthanum, and yttrium. The 
chemical composition is (Ca,Ce,La,Y) 2 (Al,Fe,- 
Be.Mg h| Of OH M Si : 0 7 ) (Si0 4 ) ] (OH ) 0. Small 
amounts of thorium a -id uranium are often present, 
and the mineral the:? may be metamict. Allanite 
is monoclinic in crystallization. The color is black 
or brownish hlack. and the specific gravity ranges 
from 3.4 to 4.2. Allanite is widespread as an acces- 
sory constituent in acid to intermediate igneous 
rocks and in gneissic metamorphic rocks. It is a 
typical pegmatite mineral. See Cerium; Epidote; 
Metamict state; Radioactive minerals; Rare- 
earth elements. [c.fr.] 

Allantois 

A fluid-filled sac- or sausagelike, extraembryonic 
inemtuane lying between the outer chorion and the 
inner amnion and yolk sac of the embryos of rep- 
tiles. birds, and mammals. The allantois eventually 
fills up the space of the extraembryonic coelom in 
most of these animals (see Fetal membrane). It is 
composed of an inner layer of endoderm cells, con- 
tinuous with the endoderm of the embryonic gut, or 
digestive tract, and an outer layer of mesoderm, 
continuous with the splanchnic mesoderm of the 
embryo (see Germ layers). It arises as an out- 
pouching of the ventral Hoot of the hind gut and 
dilates like a filling balloon into a large allantoic 
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sac which spreads throughout the extraembryonic 
coelom. The allantois remains connected to the 
hindgut by a narrower allantoic stalk which runs 
through the umbilical cord. 

The allantois eventually fuses with the overlying 
chorion to form the compound chorioallantois, 
which lies just below the shell membranes in rep- 
tiles and birds. The chorioallantois is supplied with 
an extensive network of blood vessels and serves as 
an important respiratory and excretory organ for 
gaseous interchange. The allantoic cavity also 
serves as a reservoir for kidney wastes in some 
mammals, in reptiles, and birds. In the latter two 
groups the allantois assists in absorption of albumin. 
In some mammals, including man, the allantois is 
vestigial and may regress, yet the homologous blood 
vessels persist as the important umbilical arteries 
and veins connecting the embryo with the placenta. 

[N.T.S.] 

Bibliography : L. R. Arey, Developmental Anal - 
omy 9 6th ed., 1954. 

Allele 

One of a number of different forms of a gene. The 
word allele is a contraction of allelomorph. The dif- 
ferent alleles of a gene arise from one another by 
sudden rare changes or gene mutations. The diver- 
sity of alleles produced by mutation is the basis of 
hereditary variation. See Mutation. 

Function. Each gene may be said to determine a 
specific unit function or hereditary characteristic 
<»f the organism. The different alleles of a given 
gene determine the degree to which such a function 
or characteristic is expressed by the organism. 

Location. Each gene and hence each of its alleles 
occupies a fixed position, or locus, in the chronto- 
some. The chromosome is a linear array of genes 
containing one allele at each locus. In the body 
cells of most higher organisms, including man, each 
of the different chromosomes is present twice. 
Such cells therefore have two alleles of each kind 
of gene and the organism is said to be diploid or 
to carry the diploid complement of alleles. See 
Chromosome. 

Mode of transmission. In the formation of germ 
cells of a diploid organism the alleles behave as 
units and are sorted out in such a way that each 
germ cell receives one member of each pair of 
alleles. The germ cells thus come to contain a single 
or haploid complement of alleles. The fusion of 
the male and female haploid germ cells at fertiliza- 
tion restores the diploid complement of alleles. 

Genotypes and symbolism. A diploid individual 
is said to be homozygous with respect to a given 
locus if the two alleles representing that locus are 
identical with one another. The individual is said 
to be heterozygous if the locus is represented by 
two different alleles. If A and a designate two dif- 
ferent alleles of the same gene, three possible ge- 
netic compositions or genotypes can then exist with 
respect to that gene. There are two possible homo- 
zygous individuals, which are symbolized AA and 


oo, respectively. The third type of individual is th* 
heterozygote, which is symbolized as A a or aA. F re . 
quently, the Aa heterozygote is similar in appear, 
ance to the AA homozygote. A is then said to be 
the dominant allele and a the recessive allele. See 
Gene action. 

Another system of symbolizing alleles is in use 
and is generally to be preferred, whenever it ^ 
possible to identify one of the alleles of a gene as 
a standard or wild-type allele. In general, the 
wild-type allele is the most prevalent allele in a 
naturally occurring population of the organism and 
is the allele which determines a normal or wild-type 
characteristic of the organism. A mutation of the 
wild-type allele results in an altered or mutant al- 
lele. The recessive mutant allele is symbolized with 
a lower case symbol such as a. The wild-type allele 
is then written a* or, if no confusion will arise, 
simply as +. To illustrate, the heterozygote be- 
tween a wild-type and a recessive mutant allele is 
symbolized aa * or simply a+. 

Multiple allele*. When there are more than two 
alleles of a given gene, they are said to be multi 
pie alleles. It is probable that most genes are 
capable of giving rise to very large numbers of 
alleles. The different mutant alleles of a multiple 
allelic series are designated by adding distinctive 
superscripts to the base symbol; for example, a : 
would represent the second recessive mutant allelf* 
discovered at the a locus. An example of a multi- 
ple allelic series in man is the set of alleles deter 
mining the ABO or Landsteiner blood groups. 

By definition, the orderly process of recombina- 
tion of genetic loci known as crossing over does not 
occur between multiple alleles. In an increasing 
number of cases, a very intensive search for rro^ 
ing over between members of presumptive multi- 
ple allelic series has revealed evidence for two or 
more closely linked loci instead of one. In such 
cases the alleles at the different loci are said to be 
pseudoalleles. See Pseudoalleles; Recombina- 
tion, GENETIC. [E.B.L.] 

Allergy, atopic 

A type of immediate hypersensitivity which occurs 
in human beings as the result of spontaneous sen- 
sitization, usually by inhaled or ingested allergens. 
Examples of atopic allergy are asthma, hay fever, 
hives, infantile eczema, and gastrointestinal dis- 
turbances. Other immediate, types of hypersensitiv- 
ity can be artificially induced in human beings by 
injections of allergenic maferials, such as foreign 
serum or penicillin. Such*; induced sensitizations 
share the main characteristics of the anaphyl*r* ,f 
state, whereas the atopic (hypersensitivities differ 
from it in these respects: (1) The atopic allergies 
may be acquired through exposure to minute <P»® D * 
titles of antigens, as suggested by the fact that in- 
halation of bard-shelled grains of pollen » | 

cient to induce the state and subsequent reaction- j 
(see Anaphylaxis). This spontaneity of 
tion is a familial trait, linked to heredity- A 
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sensitivity. (2) The antibodies associated with 
atopic allergy differ from conventional antibodies 
in certain respects: (a) Although they can be 
demonstrated by biologic means (that is, serum 
from an allergic person will passively sensitize the 
skin of a normal person), they are ordinarily not 
present in sufficient quantity or reactive quality to 
provide visible serologic reactions in the test tube; 
(b) they have a marked tendency to attach them- 
selves to epithelial tissues; and (c) they occur in 
an electrophoretic portion of the plasma ( ^-globu- 
lin) where conventional antibodies are not found. 
See Electrophoresis. 

The only method available for demonstrating 
such antibodies is the Prausnitz-Kiistner reaction. 
This is simply a specialized instance of passive 
transfer of hypersensitivity, carried out in human 
beings. Serum from a sensitive individual is in- 
jected intradermally into a normal subject. Twenty- 
four hours later, injection of the appropriate a]- 
lergen into the same site results in a local hive. 
This is identical with the reaction which may be 
provoked in the sensitive subject himself by inject- 
ing allergen intradermally, or applying it to a su- 
perficial scratch on the skin. The transfer method 
is used in investigating the properties of atopic 
antibodies (reagins) and atopic allergens. See Hy- 
PKRSLNSITIVITY ; 1 M MUNOLOGY. [ S.R. ] 

Alligator 

F.ither of two members of the crocodile family 
distinguished as the genus Alligator . Alligators 
differ from crocodiles in having (1) a relatively 
diort, broadly rounded snout, and (2) the fourth 
tooth of the lower jaw fitting into a pit in the upper 
jaw when the mouth is closed. Caimans also have 
these traits, hut lack the bony septum formed by 
the nasal bones of the alligator. 

There are only two species of Alligator , a little- 
known species in the Yangtse River in China, 
A. sinensis , and the American alligator, A. mis - 
sissippiensis. The American species ranges 
throughout the swamps of the southeastern por- 
tion of the Coastal Plain, from North Carolina to 
the Rio Grande, and up the Mississippi Valley into 
Arkansas. It is also found in the West Indies, and 
on both coasts of Central America southward into 
South America. 

The alligator is usually harmless, but old, large 
ones have been known to attack and kill children. 
Although a length of 15 ft or more was once com- 
mon, wild alligators over 7 ft long are now rare. 
The hide is prized for leather, and hide hunters are 
principally responsible for the scarcity of the ani- 
today. The flesh is safd to be palatable. See 
^OCODILU. - [ J.D.B.] 

AHo«ocoeia 

order of the Turbellaria with a aimple, variable 

Modified doiiiform), or plicate pharynx and 5-4 

tl?f longitudinal nerves connected by cross 
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commissures. Usually the intestine is diverticu- 
lated, the ovary is paired, and the testes are follicu- 
lar. A penis papilla is present and each protone- 
phridium has 1-3 pairs of main stems, often with 
multiple nephridiopores. Alloeocoels may be 
plump or elongate, but are usually cylindroid in 
shape with an average length of 1-10 millimeters, 
exceptionally up to 40 millimeters. While mostly 
marine organisms, some live in fresh water and 



some species of the family Prorhynchidae occur in 
damp terrestrial habitats. The two largest and best- 
known genera are Plagiostomum (see illustration) 
and Monocelis , each of which includes many spe- 
cies. See Turbellaria; see also Rhabdocoela. 

fE.R.J.] 

Allotheria 

One of the four subclasses of Mammalia, contain- 
ing a single order, the Multituberculata. The Al- 
lotheria first appeared in the Late Jurassic and 
survived well into the Cenozoic, a period of at 
least 85.000,000 years. Fossils are known from 
North America, Europe, and Asia. In the long 
course of their evolution these mammals tended to 
become larger and increasingly specialized. 

The diagnostic features of the subclass are in 
the dentition, which is very specialized. There is a 
pair of enlarged incisors above and below ; reduced 
lateral incisors may persist in the upper jaw. Ca- 
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nines are absent, leaving a diastema between in- 
cisors and cheek teeth. Premolars are variable and 
often reduced. The lower molars have five or more 
cusps in two parallel longitudinal rows, the upper 
molars two or three parallel rows of cusps; hence 
the molars are multituberculate. See Mammalia; 
Multituberculata; see also Dentition. [D.D.D.] 

Allowance 

An intentional difference in sizes of two mating 
parts. With running or sliding fits, in which mating 
parts move relative to each other, allowance is a 
clearance, usually for a film of oil. In this sense, al- 
lowance is the space “allowed” for motion between 
parts. To avoid binding between parts, a minimum 
clearance is critical for a running fit. 

With force or shrink fits, in which mating parts, 
once assembled, are fixed in position relative to 
each other, allowance is an interference of metal; 
that is. a portion of metal in one part tends to oc- 
cupy the same space as the adjacent portion of 
metal in the mating part. In this sense, allowance 
is the interference “allowed** to produce pressure 
between parts. To avoid breaking the external part, 
a maximum interference is critical for a drive, 
force, or shrink fit. 

Fits are classed as running or sliding fits for 
parts that move freely against each other. [.oration 
fits provide accurate orientation of mating parts. 
Force fits require appreciable assembly pressure 
and produce more or less permanent assembly of 
puts. See Force fit; Location kit; Press fit; 
Running fit; Shrink fit; Tolerance. [p.h.b.1 

Bibliography: American Society of Mechanical 
Engineers. Preferred Limits and Fits for Cylindri- 
cal Parts , ASA B4.1-1955. 

Alloy 

One of a large number of substances having metal- 
lic properties and consisting of two or more ele- 
ments; with few exceptions, all of the components 
in an alloy are metallic elements. For a discussion 
of the physical structures of alloys and of inter- 
atomic forces in alloys, see Alloy structures. This 
article will discuss alloys that have found useful ap- 
plications. 

Alloys of various types find extensive use because 
they have properties more suitable for certain ap- 
plications than do the simple metals. In many cases, 
an alloy rather than a simple metal is used because 
it is harder and stronger than a pure metal. For ex- 
amples, see Beryllium alloys; Copper alloys; 
Iron alloys. In other instances, alloys are used be- 
cause they have especially desirable casting prop- 
erties, special physical properties such as magnetic 
properties, or especially desirable resistance to cor- 
rosion in certain environments. 

Bearing alloys. These are used to form a rolling 
or sliding contact with another surface, usually 
steel. Most bearing alloys consist of particles of 
an intermetallic compound embedded in a matrix 
of softer material. A well-known tin-base bearing 
alloy (babbitt) may contain 91% tin (Sn), 4.5% 


antimony (Sb), and 4.5% copper (Cu). This al- 
loy consists of particles of the compounds SbSn 
and CuSn in a tin matrix. A cheaper alloy 0 f 
somewhat similar utility is obtained by substitut- 
ing; lead for part or all of the tin. Cadmium-base 
bearing alloys are used extensively today. The 
dispersed second phase in these alloys is obtained 
by adding small amounts of nickel or silver pl us 
copper to cadmium. One such alloy contains 1- 
1.6% nickel; another contains 0.5-1% silver pl Us 
0.4-0.75% copper. Cadmium-hase bearings uj»u. 
ally consist of thin layers of the bearing alloy on 
a steel support. Alloys consisting of approxi- 
mately 70% copper and 30% lead are used for 
heavily loaded bearings. Silver-base bearing allovs 
containing 3 4% lead now are used by the air. 
craft industry. Graphite bronze bearings are made 
by powder metallurgical methods in which bronze 
powder is mixed with a small amount of graphite, 
the mixture compacted under pressure in a die. 
and then sintered. Such materials are porous and 
generally are saturated with oil before being used. 
They are the so-called oil-less bearings. .See Bear- 
ing, ANTIFRICTION. 

Corrosion-resisting alloys. These may be allovs 
formed from the noble metals such as gold, silver, 
and the platinum-group metals, or they may he al- 
loys formed solely from base metals such as iron, 
nickel, copper, and chromium. Because of their 
high cost, the former are used only in small quan- 
tities. Alloys of iron containing sufficient chromium, 
above 12% . to be nonrusting in the atmosphere arr 
called stainless steels. Copper, nickel, and alumi- 
num are resistant to corrosion in many environ- 
ments, and their alloys may be regarded as being 
corrosion- resistant. Corrosion resistance of copper 
and nickel may be increased bv alloying. Monel, an 
alloy of approximately 67% nickel, the balance 
copper, is a well-known corrosion-resistant allov. 
Another nickel-base alloy is Inconel, which contain* 
14%^ chromium and 6% iron. The bronzes, alloys of 
copper and tin, also may be considered to be cor- 
rosion-resistant alloys. Aluminum and its alloys are 
resistant to atmospheric attack, but the corrosion- 
resistance of the pure metal is generally not bet- 
tered by alloying. Titanium and zirconium, as well 
as their alloys, are resistant to attack by many 
chemicals, and they find a limited use in spite of 
their high cost. Containers of tantalum also are 
used for some highly corrosive solutions. .See Cor- 
rosion ; Iron alloys. 

Die-casting alloys. These alloys have melting 
temperatures low enough to permit them to be in- 
jected under pressure into ste^l dies. Although lead 
and tin alloys can be die-cast Tread ily, they are not 
widely used because of their Mw strength. Also, tin- 
base alloys are comparatively expensive. Most die 
castings are made from zinc- atid aluminum-base a 
loys. Zinc-base alloys are used for automotive trim 
and hardware, and for office and household app 1 
ances. They often are plated electrolytically. u » u 
ally with underplatings of copper and nickel an 
final plating of chromium. The common o nf ‘ a 



^casting alloys contain approximately 4% alu- 
minum, as much as 3.5% copper, and small amounts 
of magnesium. Very small quantities of certain im- 
purities, notably tin, make the alloys subject to at- 
tack by a moist atmosphere, which results in ac- 
tual swelling of the castings. In producing such 
castings, it is necessary therefore to make the al- 
j oy « from zinc of very high purity and to prevent 
contamination even by barely detectable amounts 
tin. Aluminum containing either 5% or 12% sili- 
con. as well as other aluminum alloys, can be die- 
ca*it readily to produce castings much stronger thun 
zi nr- base castings. Such castings are used for auto- 
motive parts and for office and household appli- 
ances. Aluminum castings are not electroplated, as 
arrtnany zinc-base castings. They may be used with 
out coating, or they may he enameled or lacquered. 
Magnesium alloys have properties not distinctly 
different from aluminum alloys, and they may be 
dir-cast with ease. For certain applications, they 
are used interchangeably with aluminum castings, 
vdiile in applications where a lightweight casting 
m desired, they are superior to aluminum castings. 
Hra*s die-castings, containing 60% copper and 
Ui'; zinc, are produced in limited quantities. Such 
.actings have desirable properties, but dies used in 
making the castings rapidly are rendered useless 
! Krause of the necessarily high temperature of the 
ini tried metal. .See Casting. 

Fusible alloys. These alloys are made from the 
group of low-melting elements, bismuth, lead, cad 
mium. and indium, and may have melting tempera- 
ture as low as 120° F. Compositions may be ad- 
m-led to form alloys that rnelt at almost anv tem- 
perature below the melting point of lead. Some of 
the alloys that contain approximately 50% bismuth 
exhibit substantially no change in volume on solidi- 
fication, and others containing even more bismuth 
aituallv expand on solidification. Fusible alloys are 
iw*<l for many purposes, such as fusible elements in 
automatic sprinklers, forming and stretching dies, 
filler for thin-walled tuhing that is being bent, and 
anchoring dies, punches, and parts being machined. 

High-temperature alloys. These may be consid- 
ered to be alloys suitable for use at temperatures 
<>f 1000° F and above. At temperatures up to about 
1400 'F. the austenitic stainless steels serve quite 
For somewhat higher temperatures, stainless 
steels containing approximately 3% molybdenum 
,n addition to chromium and nickel are used suc- 
cessfully for many applications. Both nickel- and 
cobalt-base alloys are stronger at high tempera- 
* ure * than any of the iron-base alloys. A nickel- 
® 8e alloy containing 12-15% chromium and 
iron, known as Nichrome, has been used at 
e njperatures up to 2000°F. High-temperature, 
nickel-baae alloys include the Hastalloys, contain- 
as much as 30% molybdenum. These alloys 
- CJ ^ c Pt>onally high strengths at high tempera- 
Jy' ™ alloy known as Vitallium, containing 
• ?^ 8 l l * 30% chromium, and 5% molybde- 
^ >ccn for severe service at high 

Matures. Since it cannot be forged, it usually 
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is used in the form of investment castings. Many 
other complex nickel- and cobalt-base alloys have 
been developed for possible use in jet engines. 
Molybdenum- base alloys have exceptionally high 
strengths at high temperatures, but their brittle- 
ness at lower temperatures and their poor oxida- 
tion-resistance at high temperatures has limited 
their use. However, recently developed coatings 
permit use of such alloys in an oxidizing atmos- 
phere, and they are finding increased application. 
A group of materials called cermets, which are 
mixtures of metals and compounds such as oxides 
and carbides, have high strengths at high tem- 
peratures, and although their ductility is low, they 
are found to be usable. One of the better-known 
cermets consists of a mixture of titanium carbide 
and nickel, the nickel acting as a binder or cement 
for the carbide. .See Cermet. 

Low-expansion alloys. This group of alloys in- 
cludes Invar, the dimensions of which do not vary 
over the atmospheric temperature range. Invar 
consists of approximately 64% iron and 36% 
nickel. Other ahoys having desirable coefficients 
of thermal expansion have been developed. An 
example is Kovar, with 54%, iron. 23-30% nickel, 
and 0.6- 0.8% manganese, which was developed 
for making glass to-metal seals. In the tempera- 
ture range of interest, it has approximately the 
same thermal expansion characteristics as glass. 
.See Thermal expansion. 

Magnetic alloys. This group may be divided into 
two smaller groups: soft magnetic materials, and 
hard magnetic materials. The former group con- 
sists of materials used for magnetic cores used 
in devices such as transformers and motors. Such 
materials should be magnetized and demagnetized 
easilv. The hard «wagnetic materials are used for 
permanent magnet^ md it is essential that once 
magnetized they should not be demagnetized 
easily. Pure iron is used commonly for core mate- 
rial when alternating currents are not involved. 
For alternating-current applications, iron contain- 
ing as much as 5% silicon is used commonly. Sili- 
con has little influence on the magnetic properties 
of the iron, but it increases the electric resistance 
appreciably and thereby decreases the core loss 
in such items as transformers. A number of iron- 
nickel alloys having very special magnetic prop- 
erties have been developed. An example is Perm- 
alb > consisting of 78.5% nickel and 21.5% 
iron, which has a very high permeability at low 
field strengths and which is used in the communi- 
cations industry. Permanent magnets can be made 
from steels hardened by quenching. A steel con- 
taining 0.7% carbon and 7% tungsten has found 
extensive use for permanent magnets. A much 
better, but much more expensive magnet steel con- 
tains 35% cobalt together with smaller quantities 
of chromium and tungsten. Some precipitation- 
hardening, iron-base alloys are even better for 
magnets. Typical of these are the Alnicos, an ex- 
ample of which is Alnico-4, containing 28% 
nickel, 12% aluminum, and 5% cobalt. These al- 
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loys cannot be forged, and are used therefore in 
the form of castings. Heat-treatment consists in 
cooling fairly rapidly from a high temperature and 
then reheating to produce hardening by precip- 
itation of a second phase. See Magnetic mate- 
rials. 

Thermocouple alloys. These include Chromel. 
containing 90% nickel and 10% chromium, and 
Alumel, containing 94% nickel, 2% aluminum, 
3% chromium, and 1% silicon. These two alloys 
together form the widely used Chromel-Alumel 
thermocouple, which can be used to measure tem- 
peratures up to 2200° F. Another common thermo- 
couple alloy is Constantan. consisting of 45% 
nickel and 55% copper. It is used to form iron- 
Constantan and copper-Gmstantan couples, used 
at lower temperatures. For precise temperature 
measurements and for measuring temperatures 
up to 3000°F, thermocouples in which one ele- 
ment is platinum and the other element is plati- 
num plus either 10% or 13% rhodium are used 
(see Thermocouple). See Stainless steel; 
Steel. See also articles on the various metals and 
their alloys. fj.L.cc.l 
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Alloy structures 

Metals in actual commercial use are almost ex- 
clusively alloys, and not pure metals, since it is 
possible for the designer to realize an infinite vari- 
ety of physical properties in the product by vary- 
ing the metallic composition of the alloy. As a case 
in point, commercially pure or cast iron is very 
brittle because of the small amount of carbon im- 
purity always present, while the steels are much 
more ductile, with greater strength and better cor- 
rosion properties. In general, the highly purified 
single crystal of a metal is very soft and malleable, 
with high electrical conductivity, while the alloy is 
usually harder and may have a much lower con- 
ductivity. The conductivity will vary with the de- 
gree of order of the alloy, and the hardness will 
vary with the particular heat treatment used. For 
commercial applications of alloys and other in- 
formation, see Alloy. 

The basic knowledge of structural properties of 
alloys is still in large part empirical, and indeed, it 
will probably never be possible to derive formulas 
which will predict which metals to mix in a certain 
proportion and with a certain heat treatment to 
yield a specified property or set of properties. 
However, a set of rules exists which describes the 
qualitative behavior of certain groups of alloys. 
These rules are statements concerning the relative 


sizes of constituent atoms for alloy formation, and 
concerning what kinds of phases to expect in iem lK 
of the valence of the constituent atoms. The rule* 
were discovered in a strictly empirical way, an ] 
for the most part, the present theoretical under 
standing of alloys consists of rudimentary theory 
which describe how the rules arise from the bast, 
principles of physics. 

Prior to a discussion of the rules proposed l n 
W. Hume-Rothery concerning the binary sul)«,t Jt „. 
tional alloys, some information concerning alien 
composition diagrams will be presented. 

PHASE DIAGRAMS 

Alloys are classified as binary alloys, composed 
of two metallic components, ternary alloys, com 
posed of three, and so on. Ternary alloys are con. 
mon commercially, and alloys with four or more 
constituents are also found. The present discussion 
will be restricted to the binary systems. 



Fig. 1. Composition diogrom for a binary alloy. The 
two primary-solid solution regions near the pure metal 
extremes are broken by an intermediate phase d 
different structure. In general* 1 the primary-solid solu 
tlon structures are not the fame, corresponding ,0 
cases where the pure metals sflidify into two different 

crystal types. ) 

( 

* 

A common method for describing an alloy t0 
draw a diagram which shows how the alloy »>I M 
change* with temperature as the percentage of t * 
components varies. Such a diagram i* shown * c 
matically in Fig. 1. The temperature is th* vertirn 
axis, while along the horizontal axis the rwm * >0 ^ 
tion varies from constituent A in pure form *° ,() 



diluent B in pure form. The lines on the diagram 
divide the regions of different phases. The upper 
region of the diagram represents a homogeneous 
mixture of the two melted metals. In region I, there 
is a homogeneous solid phase of the same crystal 
type as the pure metal A, and for this reason it is 
called the primary solid solution of B in A. Simi- 
larly, the primary solid solution of A in B is in re- 
gion III- However, in region Il f there exists a third 
phase different from either of the terminal solid 
solution phases, called an intermediate phase. Re- 
gion II i* again a homogeneous mixture of the 
two components A and B of the alloy. There are. 
however, boundary regions between the melted re- 
gion and solid regions and between the three solid 
regions themselves, which are inhomogeneous mix- 
tures of the constituent metals. The lower bound- 
ary of the liquid region is called the liquidus 
curve, while the upper boundary of the solid region 
is called the solidus curve. .See Egrn irrh'm, 
phajjk: Solid solution; Solid-state chemistry. 

If a liquid mixture of a particular composition 
j is formed and gradually cooled till the liquid us 
curve is reached, some of the liquid solidifies with a 
composition given by the point where the solidus 
curve has the same temperature. Thus, the solid 
phase being formed has a different composition 
from the liquid mixture. The situation is «hown in 
Fig. 1, where ft denotes the solid composition which 
is in equilibrium with the liquid a. As the solidifica- 
tion proceeds, the liquid composition gradually be- 
comes enriched with metal B until all the liquid is 
solidified. Thus, the solid phase formed is not ho- 
mogeneous. hut varies in composition from the 
part formed initials to that of the final stage. If 
the liquid corresponds to a point over an inhomo- 
geneous zone like the zone between 1 and II in 
Fig. ], the solid formed is a mixture of crystals of 
phase I and crystals of phase II. The solid is then 
not a single phase. 

The phase diagram of Fig. 1 is typical in the 
sense that the primary phases at the two ends are 
broken by an intermediate phase. There arp some 
rases like copper-gold (Cu-Au) in which the two 
pure metals have the same crystal structure. In 
these cases, the entire solid composition range is 
unbroken by intermediate phases. However, this 
Mtiiation is relatively rare. 

SIZE AND VALENCE FACTORS 

Comparison studies of a large number of alloys 
ha\e led to the rules for alloy formation formu- 
lated hv W. Hume-Rothery and others. These rules 
nave recognized two general types of criteria re- 
garding alloy formation. One relates to the rela- 
^ **** of the atomic constituents, the other to 
l " c valence, or the electronic behavior, of the two 
totals (jff Valence). These criteria have gener- 
K ^ Cf . n lrca ^ independently of one another, al- 
1 ^Jtgh in reality some interaction can be expected. 
Size factor. The empirical rules for alloy forma- 
!° n ***** that, for substitutional alloys, the size of 
e Con *tituenta must be approximately the same, 
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whereas one of the constituents of an interstitial 
alloy must he small compared to the other. Simply 
stated, the size factor recognizes the importance of 
choosing two metals which can fit together in a 
lattice structure. In order to define the concept of 
size, one must refer to the general ideas of the 
hand theory of solids. According to this theory, 
the valence electrons of the metal atoms are de- 
tached from the immediate vicinity of the atom 
and contributed to the conduction hand. In the con- 
duction hand, the electrons have many of the char- 
acteristics of free particles similar to the atoms of 
a gas. The conduction electrons are spread over 
the metal, filling the interstices between the re- 
maining ion cores of the metal atoms. The elec- 
trons of the inner shells remain tightly bound to 
the individual ions, however. See Band theory of 
snuus: Fklk-llkctron theory of metals. 

It is assumed in any discussion of atomic size 
that the free elections cause a rather weak attrac- 
tive force drawing the metal together, while the ion 
core* strongly repel one another when one core 
overlaps a neigh bor. The strength and form of the 
attractive force obviously depends on the crystal 
type; however, the ion cores are more nearly inde- 
pendent of their surroundings. To the extent that 
the size of the atom in the metal is given by the 
radius of the ion core, the concept of size is well 
defined. However, in those cases where some of the 
repulsive force is contributed by the structure-de- 
pendent free electrons, the size of an atom in an 
allov will varv from one alloy to another. 

To the extent that the size of an ion core can be 
rigorously defined, the alloy will contain large mis- 
fit stresses unless the ion-core sizes of the two 
metal atoms have a favorable ratio. 

In the primary, or terminal solid solution parts 
ut the composition diagram, there are two simple 
possibilities. The .itoms of the minority category 
(the dilute atoms) are able to supplant the solvent 
atoms on the solvent atom lattice, or they may fit 
into the open spaces of the solvent lattice. The first 
case is known as a substitutional alloy, while the 
second is called an interstitial alloy. 

Interstitial alloys. Examples of interstitial al- 
loys are some of the alloys of the transition ele- 
ments and, most familiarly, those of iron. The iron 
lattice is face-centered cubic at medium tempera- 
tures (see Crystal strittire; Crystallog- 
raphy). If the face-centered lattice is considered 
to ne made up of hard spheres of radius oo. the 
largest atom which can he fitted into an interstitial 
position (the cube center) has a radius 0.59oo. 
There are only four neutral atoms which have 
smaller radii than this value for the transition 
metal group. They are hydrogen, carbon, nitrogen, 
and boron. Carbon is actually an exception to the 
rule for iron, as it has a radius of 0.63do for the 
iron lattice. Actually, these four elements are not 
metals in their normal state, even though they do 
form metallic alloys with the transition metals. 

Substitutional alloys . In the substitutional pri 
m ary solutions, the solute atom takes the place of 
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one of the solvent atoms. In this case, the size of 
the solvent and solute must be nearly the same. It 
has been possible to calculate in a crude way the 
maximum difference in size which is permissible. 
The size difference is reflected in a lutticc distor- 
tion. which is a contribution to the internal energy 
of the system. 

In general, the formation of a homogeneous al- 
loy is possible if the change in the free energy of 
the alloy relative to the two separate elements is 
negative. The following equation holds. 

AF - av - T AS 

Here F is the Helmholtz free energy, is the in- 
ternal energy, T is the absolute temperature, and .S 
is the entropy (see Entropy; Thermodynamic 
principles!. The distortion energy increases the 
AU. On the other hand, there is an entropy of mix- 
ing when the solute atoms are distributed in a 
random fashion on the solvent lattice. Thus, if the 
distortion energy is not too large to overbalance 
the entropy change, the alloy can form. An esti- 
mate of the distortion energy as a function of size 
suggests that the size of the solute atom must be 
within about lS r J of the size of the solvent atom. 
This number agrees with the empirically derived 
Hume-Rotherv rule. 

The substitutional alloys are the most common 
type of alloy structure and have received the most 
study. Cu-Au is a good example of a substitutional 
alley. The atomic sizes are very close, and the elec- 
tronic structures of Cu and Au are very similar. As 
a result, this system forms a single primary solid 
solution system from one end of the composition 
diagram to the other. The only complexities are 
due to ordering phenomena, which will be dis-. 
cussed later. 

Valence factor. In addition to the effects of the 
size of the ions on the formation of alloys, the 
electronic structure of the atoms involved also 
plays a role. It is the electronic configuration of 
the atoms which determines why mixtures of some 
elements form metallic alloys, whereas some form 
insulating compounds. Qualitatively, it is found 
that alloys are formed from the atoms of the mid- 
dle of the electrochemical series of the elements. 
The reason is that there is always a tendency for 
the ions of the metallic state to polarize with re- 
spect to their neighbors and form an ionic solid 
instead of the metallic one. If the tenden y is 
.strong, no metallic alloy state ran be formed; 
hence, only elements from the middle of the series, 
where there is little change in the ionization po- 
tential from one atom to another, can form suc- 
cessful alloys. See Electrochemical series. 

Stoichiometric considerations . Closely related 
to the polarization effect is the reason why the al- 
loys are nonstoichiometric (that is. why they form 
mixtures which do not consist of small-number ra- 
tios of one element to the other ) , and form homoge- 
neous phases over wide ranges of composition (see 
Stoichiometry). For example, copper and gold 
mix homogeneously for any composition. This re- 


sult is in striking contrast to the behavior of tin* 
ionic compounds like sodium chloride, NaCI. 

In NaCI, an excess Na ion is hound in the crys- 
ral with an energy less by about 1 electron volt 
than a normal ion, and this energy discrepancy j s 
large enough that when the crystal gets far from 
stoichiometry, the homogeneous compound is no 
longer formed. The excess constituent forms a sepa- 
rate phase, either as Na metal crystals embedded j n 
the matrix or as bubbles of Cl*. The energy dj s . 
crcpancy in the ease of NaCI is primarily due to the 
excess of charge of one sign or the other when the 
wrong ion is on a lattice site. Since the lattice j< 
completely ionized, the excess charge due to the ex- 
cess ion amounts to the complete ionic charge. Scr 
Ionic crystals. 

The situation for a metal is completely different 
The charge of the ionic core of a metal is balanced 
bv the charge of the free electrons which each 
atom contributes to the conduction hand. Thus, in 
a perfect metal, the volume occupied in the lattice 
by each atom is neutral. If a single gold atom is 
placed substitutionally in a copper lattice, there 
will he a tendency for the charge in the gold latti< e 
volume to heroine unbalanced because the copper 
and gold atoms have different ionization rnergicv 
Effectively, the copper and gold atom* in the metal 
have different affinities for the free electrons of the 
valence hand, hence there will be a small charge 
imbalance induced around the gold lattice sitr 
However, in the case of Au-Cu. the chemical 
lence is equal, and the amount of polarization in 
dticed is a small fraction of a unit charge. 

Screening length. A further effect is the screen 
ing of the polarization around the gold atom l>\ the 
conduction electrons themselves. In this case, when 
the region around the gold is polarized, a voltage 
difference is also generated. Heme, the electron- 
of the metal tend to rush into the affected region 1«* 
ewn out the discrepancy. However, it is not po^i 
hie to redress the balance completely, and a region 
of the order of the size of the gold atomic volume 
itself remains polarized. The size of this region i* 
indicated by the screening length of the electron- 
of the rnetal. which are here listed for several met- 
als in units of lattice spacing an: Cu. 1.1; A I, l-'l: 
Tl, 1.0; Fe, 3.2; Ni. 4.8. 

The effect of replac ing a copper atom with a 
gold atom in Cu-Au is thus seen to he verv much 
less than the effect of replacing a Cl ion with a 
ion in NaCI. For this reason, the copper lattice can 
accept an unlimited number of exchanges without 
breaking up its structure, and the allov forms mer 
the entire composition range; Cu-Au is a rather 
special example to pick, sindfc the ionization P°‘ 
tentials of Cu and Au are very close, and the size 
factor is very favorable. The ^discussion. however, 
does Plustrate the reason why these metals d<> no 
form compounds in the chemical sense. 

Much the same reasoning would he applh‘ fl r 
for showing why covalent crystals should also f° rni 
stoichiometric compounds, where dangling f0Vfl 
lent bonds would have much the same effect on t 



energy the or y 8ta l as does an cxc*chh charge in 
e ionic lattice. See Chemical binding. 

ELECTRON COMPOUNDS 

Kven though no metal alloy forms a compound 
the chemical sense, there is a characteristic be- 
havior when the alloying constituents have differ- 
ing valences, and these alloys go under the name of 
electron compounds. In the usual alloy, the inter- 
mediate region of the phase diagram is covered by 
several intermediate phases, with more thun the 
one such phase illustrated in Fig. 1. The term elec- 
tron compound refers to the fact that there is con- 
siderable regularity in the types of intermediate 
phnnes which are observed. 

Structure and electron density. It appears that 
in numerous cases, there is a tendency for a partic- 
ular type of crystal structure to correspond to a 
particular electron density in the conduction hand. 
Thu*, when zinc is alloyed to copper, near the 50 r { 
.(imposition there is a phase change from the face- 
•■pntered-ciibic (fee) lattice of copper to a bodv- 
(pntered-ciibic (bec) lattice. If it is assumed that 
all the valence electrons of all the atoms are con- 
iriluited to the conduction hand, there will he an 
.nrrjgr of 1.5 electron* *>er atom of the alloy in 
this band, since the valence of copper is 1 and the 
ulrnce of zinc is 2. For the alloys Cii v A 1 and 
Cu-Sn. the crystal structure is also bcc for the 
•a me average free electron concentration. T. B. 
Masalsky ha** listed I see table ) the intermediate 
ph.iwp* which center about the characteristic elec- 
tr«»n concentrations shown. Note that there are 


Binary systems with intermediate phases at 
concentrations of 1.5, 1.6, and 1.75 electrons per atom 
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three different compounds centered about the elec- 
tron concentration 1.5 in the table. There are also 
two other well-developed electron compounds, one 
at about concentration 1.6 and one at about con- 
centration 1.75. Also, thc;re are two places where 
the hexagonal close-packed (hep) structures oc- 
cur, one at 1.5 and one at 1.75. For example, in 
the case of Cu-Si. the hep structure is interrupted 
at 1.6 by a change to the phase called the y-brass 
structure, which is a very complex crystal type 
with 52 atoms per unit cell. 

Brillouin zones. The striking correlations of the 
various electron compounds in the empirical tabu- 
lation of the table has been interpreted on the ba- 
sis of the free-electron theory of metals. H. Jones 
has used the free-electron theory of metals modi- 
fied by perturbation theory to derive an expression 
for the difference in energy of the electrons of the 
foe and hoc crystals. His result is that as the Bril- 
louin zone is filled, at first the energy is very nearly 
equal for the two crystals. The energy of the fee 
crystal then drops below that of the bcc crystal at 
an electron com miration of about one electron 
per atom: but at a concentration close to 1.5. the 
situation reverses and the bcc crystal becomes 
more stable. Similar discussions have been given 
for the hexagonal lattices, which show that certain 
distortions of the symmetry of the perfect hex- 
agonal lattice which occur are due to electronic 
effects related to filling the Brillouin zone. See 
Brim.oi in /one. 

However, in spite of the seeming success of the 
thenr> in confirming the electron compound con- 
cept in terms of the interaction of the electrons 
with the boundaries of the Brillouin zone, the 
Jones treatment must he considered a very limited 
theory. First of nil. H. Jones assumed, when he 
adopted the free-ele -iron picture, that the role of 
the ion* in the alloy is a minor one. On the other 
hand, when a zinc atom is placed in a copper lat- 
tice. it is necessary that the vicinity of the zinc 
atom he highly polarized, according to the discus- 
sion of the preceding section. In a 50r£, alloy of 
Cu-Zn. the atomic volume of a zinc ion will have 
onl\ 1.5 electrons to cancel the charge of a doubly 
ionized core. Thus, the lattice cell of the zinc atom 
h«s a net charge of 4 Hence, the valence elec- 
tron* from zinc atoms cannot he freely contributed 
to the free electron cloud of the crystal. There 
mu*! he a considerable clumping of this charge 
around the various different ions of the alloy in 
such a wav that the excess charge of the ions is 
screened. In addition, there is some evidence from 
recent experiments on nuclear magnetic resonance 
in dilute alloys that the electron density in the con- 
duction band does not change as the divalent ion 
is added, ir direct contradiction to the simple free- 
electron picture. 

In view of these considerations, it is surprising 
that such simple results as those obtained by Jones 
are correct. In more recent work. J. Fnedel has 
been able to show that although the description of 
the electrons in the conduction band is far from 
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the free-electron picture described by Jones, the 
so-called rigid band model is valid (or dilute alloys 
and does lead to results similar to those of Jones. 
The theory of electron compounds is not yet firmly 
established. 

ORDER-DISORDER IN ALLOYS 

In the preceding discussion on the formation of 
alloys, it was tacitly assumed that the atoms of the 
two constituents were randomly distributed on the 
lattice of the alloy. In very dilute primary solu- 
tions, the random distribution holds because the 
free energy of the system in the completely random 
state is lower than that of a more symmetric state. 
To be more specific, in a dilute solution of metal 
B in metal A. if there is no gain of internal en- 
ergy by ordering B (placing the atoms of B in a 
regular arrangement on the lattice sides of A), the 
free energy. V — TS % is a minimum when B is com- 
pletely randomized. 

On the other hand, if an appreciable percentage 
of the lattice sites are occupied by B. and if there 
is a difference in the interatomic forces between 
A -B nearest neighbor atom pairs and those be- 
tween A -A or B--B pairs, the situation is different. 
The internal energy of the alloy is then 

V * N.abE.UI 4- ft A aE A A 4* ft* HB&Rti 

where Nab is the number of A- - B nearest neighbor 
pairs in the alloy, E \b is the energy of interaction 
between an A- -B pair, and so on. It is assumed 
that the alloy atoms interact appreciably only 
when they are nearest neighbors. If the interac- 
tion between A~~B pairs is greater than that be- 
tween B---B or A' -A pairs, then the state of 
lowest energy is that in which the number of like 
pairs is minimized. This state is also a completely 
ordered state of the crystal. 

For any given temperature, the equilibrium state 
of the crystal is that for which the free energy is 
minimized, and a balance is struck between the 
contradictory tendencies of the U and TS terms of 
the free energy. At low temperatures, the V term 
can he expected to predominate, and ordering will 
usually occur, while at higher temperatures, the 
entropy term will predominate, and a transition to 
a disordered state is usual. 

Long- and short-range order. The ordering of a 
crystal is described in terms of two different order 
parameters. One is called local or short-range or- 
der, and the other is called long-range order. For 
the initial discussion of the long- and short-range 
order parameters, a 50% A— B alloy will be con- 
sidered. It will also be supposed that the lattice 
structure is bcc and that the unlike pair interac- 
tion is the stronger one. The advantage of the bcc 
lattice for the discussion is that, in this lattice, all 
the neighbors of any given atom can be made un- 
like atoms. 

In the completely ordered state, every atom of 
the crystal is surrounded by unlike nearest neigh- 
bors, and the crystal becomes disordered when 


some of the A atoms exchange with B atoms. Th* 
long-range order parameter 51 is a measure 0 | 
the number of such interchanges and expresses tht 
number of sites occupied by the wrong atom. 



Here n n is the number of A sites occupied by \ 
atoms, and N is the total number of A lattice siu> s 
The quantity 21 varies from —1 to 41, and thr 
stale of complete disorder corresponds to 2: » o 

The short-range order expresses the fact that thr 
neighbors surrounding any given A atom will hau 
a tendency to be all B atoms. If this tendenrv j, 
averaged over the lattice, the short-range order 0 
is defined as 

o - 2[q ~ Mi) 

Here a is the local order parameter, and q U th e 
number of A — B pairs in the crystal divided b\ the 
total number of atom pairs of the crystal. The p ( , 
ramete.r <r has the range to i l, with complete 
disorder at cr = 0. 

Variation with temperature. A good qualiiaiiw 
notion of the behavior of the order of a crystal j. 
obtained by observing the variation of the older 
parameter of a crystal as a function of tempn.i 
ture. Theory predicts the curves shown in Figs j 
and 3. The long-range order decreases front a Mat* 
of complete order at absolute zero temperature V» 
a critical transition temperature which depend*- «»n 
the strength of the A B bonds relative to the A \ 
bonds, the long-range order drops to zero. The l«* 
cal order also starts at absolute zero with a maxi 
mum value, but decreases more slowly than tlv 
long-range order does and remains finite for all 
temperatures. 

The discussion up till now has been bused on tb* 
model of a 50'* alloy in a simple lattice. The tin* 
ory for a material in which the composition i" al 
lowed to vary over the entire composition diagram 
is exceedingly complicated. The complication i* 
due to the difficulty of .specifying the types of nr 
der configurations which are possible, and compuf 



ond is zero above that point. 
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Fig. 3. The short-range order <7 as a function of 
temperature. The short-range order varies more slowly 
than the long-range order. Considerable order still 
exists above the transition temperature. 

inp their entropy. However, the general result* 
are still comparable with the simple case. Lmg- 
gnd *hort-range order parameters can still he de- 
fined, with a transition temperature at the point 
where the long-range order disappears. The short- 
range order again persists to a considerable degree 
wen above the transition temperature. 

Transition temperature and phase changes. 

The existence of the transition temperature 
amounts to a change of phase, because there i* an 
.iltpndant singularity in the specific-heat curve of 
the material. The phase chungc may he of the first 
nr second order, depending on the type of singu- 
larity present in the long-range order at the transi- 
tion temperature. The curve of Fig. 2 corresponds 
to a second-order transition; however, if there is a 
discontinuous drop of the order to zero at the tran- 
sition point, the transition is first order. A general 
rule *eem* to he that for lattices in which the com- 
jilrtely ordered state has only neighbors of A B 
bonds, the transition is second order. The her lat- 
tice is such a case, a* has already been explained. 
However, in dose-packed lattices like the fee lat- 
tice. it is not possible for all the bonds of a 50% 
alloy to be of the sort A R. and in such rases, 
it i« found experimentally that the transition i* first 
order. 

Detection of order. The presence of order in a 
rr Wa! and the transition from the ordered to the 
disordered state is detected by a variety of tech- 
niques. The resistance of the alloy at low tempera- 
tuns varies with the order of the crystal because 
p lec,tTon waves of the crystal are sensitive to 
Regularities in the crystal, so that as disorder in- 
rrp a*es. the resistivity increases also. X-ray and 
Natron scattering of the lattice are also functions 
( ‘ the degree of order for the same reason. The 
v ]>ecifir beat of the crystal varies with the order, 
as the crystal loses its order energy must be 
^•Pplied to the lattice to form the A — A and B — B 
"ns which have higher energy. At the transition 
e mperafure, heat rises to a sharp 

g w ** ir h w easily detected. 

0 j u P* f lattlcaa, The x-ray and neutron scattering 
a completely ordered crystal have an interesting 


peculiarity. In the Bragg scattering processes, new 
lines appear, called superlattice lines. The name is 
derived from the fact that the lines correspond to 
the appearance of a secondary crystalline structure 
in the lattice. Their explanation is clear in the 
light of the discussion of the ordered lattice. For 
a 50% A -B lattice in the bcc form, the A atoms 
form the corners of the cube, while the B atoms 
are at the center positions. The crystal is then 
composed of two interpenetrating simple cubic 
crystals, and is called a superlattice. The x-ray 
line* for two simple cubic structures appear in- 
stead of those for a hcc crystal. See Intermktallic 
COMPOUNDS. [ R.M.T.] 

bibliography: American Society for Metals, 
Theory of Alloy Phases , 1956; C. S. Barrett, Struc- 
ture of Metals , 2d ed.. 1952; W. Hume-Rothery and 
O. V. Raynor. The Structure of Metals and Alloys , 
-id ed.. Inst. Metals (Ixmdon), Monograph and 
Kept. Ser. ]. 1954; F. Seitz, The Physics of Metals , 
1943. 

Allspice 

The dried, unripe fruits of a small, tropical, ever- 
green tree. Pimenta officinalis , of the myrtle family 
(Myrtareae I . This speries is a native of the West 



Allspice ( Pimenta officinalis). ( Adopted from L . H. 
Bailey , Standard Cyclopedia of Horticulture , Mac mil- 
Ian, 1937) 


Indies and parts of Central and South America. The 
spice, alone or in mixtures, is much used in sau- 
sages. pickles, sauces, and soups. The extracted oil 
is used for flavoring and in perfumery. Allspice is 
so named because its flavor rese.mbles that of a 
combination of cloves, cinnamon, and nutmeg. See 
Myrtai.es; Spice and flavoring. [p.d.s.1 

Almond 

A deciduous tree ( Prunus amygdalus) of the stone- 
fruit group closely related to the peach, and its 
fruit. The fruit is popularly known as a nut but 
is botanically classified as a drupe. 
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Alnico 



Almond twig with leaves and fruit, and hulled nuts. 


The seed of the almond has long been valued as 
food for man. Almonds are native to Asia Minor 
but are now grown widely in subtropical regions 
and warmer parts of the temperate climatic /.ones 
throughout the world. Italy. Spain. California. Por- 
tugal. and Iran are large commercial producers. 
Almonds are high in protein and oil. They are 
eaten raw* or roasted, in candies, as pastry top- 
ping, and as an important ingredient in macaroons. 

For diseases of almond see AcRiror; see also 
Ni t crop ci i.ti rf. ( k.k.n.] 

Alnico 

A name given to a series of alloys used as perma- 
nent magnet-*; these alloys contain iron, cobalt, 
nickel, aluminum, and copper, and sometimes tita- 
ni itn and niobium. Alnico 5 is by far the most 
commonly used material of the series; it has a co- 
ercive force of about 6(X) oersteds and a residual 
induction of about 12.500 gauss. Sec Fkkhomag- 
nktism; Magskik: materials. 

Most of the Alnicos are prepared b> melting the 
required amounts of the constituents, casting into 
the required shape as nearly as possible, reheating 
to about 1300°C. and cooling at a moderate con- 
trolled rate in the presence of a magnetic* field. 
This field must have a strength of about 1000 oer- 
steds and a direction the same as that of the mag- 
netization required in the finished magnet. The ma- 


Proparties of some alloys of the Alnico type 



Composition. 

//,, coercive 


% wt. 

force, 

Name 

renmindor iron 

oerstgds 

Alnico 2 

12.5 Co. 17 Ni. 

10 Al. 6 Cu 

:>U) 

Alnico 5 (Ticonal » 

21 Co. I t Ni. 

8 Al, 3 Cu 

600 

Alnico 5 D(i 

24 Co. 14 Ni, 

8 Al, 3 Cu 

660 

Alnico 6 

24 Co. 15 Ni, 

8 Al. 3 Cu. 1 Ti 

750 

Alnico 7 

21 Co. 18 Ni, 

8.5 Al, 5 Ti 

1050 

Alcomax II 

22 Co, 11.5 Ni. 

8 Al. 3 Cu 

580 

Alcomax Iff 

24 Co, 14 Ni, 

8 Al, 3 Cu. 1 Nh 

670 


lerial is then “aged" at about 600 °C for several 
hours and may he ground to finished dimensions 
Mechanically it is hard and strong. 

The compositions and magnetic properties of t| u , 
various* alloys of the Alnico type are given in 
accompanying table. The quantity {BH),„ given in 
the table is the principal figure of merit of a ma- 
terial used in permanent magnets. |k.m.bo.| 

Bibliography: l). E. Gray fed.), American Insti. 
tutc of Physics Handbook % 1057; K. Hose I it/,, Fer- 
romagnetic Properties of Metals and Alloys , 1%2 

Alpaca 

A domesticated animal resembling the llama ami 
related to the camel, found in the higher regions <,| 
the Andes. 14.000 ft above sea level. The hair of 
the alpaca, stronger than sheep's wool, is valued 
for its silkv beauty as well as for its strength. It | S 
also water-repellent and has a high insulative qual- 
ity. The staple is relatively long, ranging from {> 
to 1 1 in., yet it is a* delicate, soft. and lustrous a* 
the finest silk. 

Alpaca fiber consists of two varieties: -oft, wool 
like hair, and stiff heard, or outer hair. Of the 
manv colors obtainable, ranging from white to 
brown ami black, the reddish-brown variety i- run- 
sidered the most valuable. 

The suri N a super breed of alpaca as tin* Merino 
i* the superbreed of sheep. The fiber of the *wri i- 
sought bv manufacturers of outer apparel becuu^ 
the staple is longet. -ilkier. liner, and has curl 
throughout its length. A crossbreed, with tin- :il 
para as sire and the llama a- dam. produce* (In 
misti. Another crossbreed. tho-Jinai i/o. is tin* rr 
suit of breeding a llama sire and an alpaca dam 
.See CamklN «i air : Cashmkiif : I.iama; Mohair. 
Woor; see also Frut.n. namkai. [M.n.f. > 

Alpha Centauri 

The brightest star in the southern constellation 
Centauru* t visible only south of geographic lull 
tude -f-30° ) . Alpha Centauri is one of a triple sv- 
tern, our nearest neighbor in space, at a distant 
of 1.33 parsecs. 


Hr. 

rernaneiice, 

gauss 

gauss-oersteds 

X 10 « 

fir, reversible 
IMTN.euhility 
at (BU) n 

Density. 

g/Vm 1 

7,200 
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6 

T.l 

12,500 

5.0 

1 

7.3 

13,100 

6.0 

5 

7.3 

10 100 

3.8 

4 

7.1 

7,000 

2.;> 

4 

7.2 

12,500 

4.6 

3 

7.3 

12,500 

5.0 

3.5 

7.3 


The visual binary of 80-year period contains 
main-sequence 8tarH l yP* s an< * KO, apparent 
magnitudes 0.1 and 1.4 respectively, separated by 
about 24 astronomical units, that is, by about the 
diameter of our solar system. The brighter of the 
visual binary is almost a twin of the Sun in lumi- 
nosity* temperature, and mass. There is a faint com- 
panion, Proxima Centauri, of eleventh magnitude, 
spectral class M, which has the same measured dis- 
tance and a proper motion which is nearly parallel 
in space with that of the brighter stars. The sepa- 
ration of 2?2 in the sky corresponds to about 
1.6 X 10* * J kilometers, 10,000 astronomical units. 
In spite of this separation, the triple system is 
probably gravitationally stable and the three stars 
probably had a common origin. See Star. [ j.l.gr.] 


Alpha rays 


Helium nuclei which have been ejected at high ve- 
lority from atomic nuclei as products of radioactive 
decay or as products of induced nuclear reactions. 
Helium nuclei which have been accelerated to high 
\e|ocities for use as bombarding particles in nu- 
dear reactions also may he called nr-rays or a-par- 
ri.de*. The helium nucleus has a charge of -f 2e, 
that K twice the magnitude of the charge e of a 
proton or of an electron, and a mass of 4.0028 
rftnmic mass units. The velocity of ejection of the 
rr rav varies from one radioactive substance to an- 
■.fhrr hut is usually in the domain of 1 to 2 X 10® 
mi -«cr. Many radioactive substances emit a-rays 
in two or more discrete energy groups, usually in 
ilit* domain of 4 6 Mev (million electron volts), hut 
nn-atinnally as low as 2 Mev or as high as 10 Mev. 
The other radiations emitted by radioactive atoms 
an* beta ravs (negative or positive electrons) and 
pammn rays (high-frequency electromagnetic radi- 
ation I. For the theory of radioactive decay, see Ra- 
imucriviTY. For a-partide detection, see Particle 
unF.noR; see also Beta rays; Gamma rays; 

V Cl.fcAR REACTION ; NUCLEAR SPECTRA. 

As an a-ray passes through matter, it ionizes 
many of the atoms along its path, thereby gradually 
its kinetic energy, and is stopped (absorbed), 
for example, a 5- Mev a-ray is stopped after trav- 
^rdng 3.5 cm of air at 1 atmosphere pressure and 
l^C and engaging in enough collisions with atomic 
electrons along its path to produce about 150,000 
pairs. 


Average charge. The charge on the a-ray is 2e 
*hf*n it j«, emitted from its parent nucleus. While 
passing through the electron cloud of the emitting 
a *° m and the other atoms which lie along its path, 
thp Gr-rpy will capture one or two electrons and thus 
f cotne a singly ionized or. neutral helium atom. 

■ ‘ rer this capture, the swiftly moving atom will 
* ionized quickly by collisions with other atoms. 
rre is therefore a rapid exchange of electrons 
«tween the moving a-ray and its absorbing me- 
About 1000 exchanges occur along the path 
j o a s * n gk a-ray, and the process of capture and 
°f electrons becomes most rapid as the a-ray 
0c,t Y declines near the end of its range. The net 
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average charge on an a-ray is therefore less than 
2c, and decreases as its velocity V decreases, reach- 
ing 1.99c at 1.6 X 10® cm/sec, 1.5c at V « 0.56 X 
10® cm/ sec, 1.0c at V « 0.33 X 10® cm/sec, 0.5e 
at P = 0.16 X 10® cm/sec, and zero at the end of 
the range. 

Ionization by a-rays. The theory of the stopping 
of a-rays by matter deals with the kinetic energy 
lost by the moving charge, not with the ionization 
produced in the absorbing medium. The actual 
number of ion pairs produced by a given transfer 
of kinetic energy depends in a complicated way 
upon the nature and purity of the absorber. Present 
knowledge in this area is almost entirely empirical. 

Delta rays. Along the path of the a-ray in any 
absorber, the magnitude of the energy transfer to 
individual atomic electrons can vary from an 
amount just sufficient to produce ionization or ex- 
citation (about 14 electron volts in air) up to about 
2000 electron volts (ev). Those electrons which re- 
ceive a relatively large energy transfer (above 
about 100 ev) are called delta (8) rays. An appre- 
ciable fraction, roughly one-half, of the energy lost 
by a-rays appears as 8-rays. These 8-rays lose their 
energy by further ionizing collisions with other 
atoms in the absorber. The total ionization in the 
absorber is the sum of the primary ionization pro- 
duced by collisions of the a-ray with atomic elec- 
trons and the secondary ionization produced by the 
8-rays. 

Ion pairs. In each ionizing event an originally 
neutral atom or molecule is divided into a free 
electron and a residual positive ion. Depending 
upon the nature of the nearby atoms, the liberated 
electron may remain free or it may become at- 
tached to a neutral atom to form a negative ion. 
The term ion pa’” means the residual positive ion 
and its negative counterpart, regardless of whether 
the electron is free ur attached. 

Specific ionization. Along the path of an a-ray in 
normal air, some 2000- 6000 ion pairs /mm are pro- 
duced, depending upon the velocity of the a-ray at 
the point under consideration. The number of ion 
pairs per unit path length is called the specific 
ionization. Figure 1 shows the specific ionization 



a-ray residual rang*, cm of air 


Fig. 1. Specific Ionization of a single a-ray in air at 
15°C and 760 mm Hg. 
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produced by an a-ray in air for various values of 
the residua] range, that is, at various distances 
measured back from the end of its range. The maxi- 
mum specific ionization occurs at a residual a-ray 
range of 0.40 cm of air, where the average charge 
on the a-ray has fallen to about 1.5e. With the fur- 
ther decline in the effective charge, the specific 
ionization, which is proportional to the square of 
the charge, declines nonlinearly toward zero as the 
velocity decreases. 

The specific ionization, or more exactly the lin- 
ear energy transfer, also depends upon the velocity 
V of the a-ray, and is proportional to \/V*. This 
dependence is seen in the left side of Fig. 1. 

Energy lots per ion pair. The energy loss per 
ion pair depends on the chemical nature, density, 
and purity of the absorber. In air an average of 
about 33.5 ev is lost by the a-ray per ion pair 
formed. More than half of this energy transfer re- 
sults in excitation without ionization, as can be 
seen from the fact that the ionization potentials of 
oxygen (CM and nitrogen (N 2 ) are only 13.6 ev 
and 14.S ev, or less than half the average energy 
lost per ionization. See Excitation potential; 
Ionization potential. 

Straggling of or rays. Identical a-rays, all hav- 
ing the same initial velocity, do not all have the 
same range. The observed ranges of individual par- 
ticles from any monoenergetic source show a sub- 
stantially normal (or gaussian) distribution about 
the mean range. The standard deviation of this 
distribution is of the order of 1CJ for 5-Mev a-rays 
in any absorber. This distribution of ranges is due 
to statistical fluctuations in the number and magni- 
tude of the individual collisions between the a-ray 
and the atomic electrons, and is known as range 
straggling. 

Because of range straggling, the average specific 
ionization in a beam of well-collimated a-rays as a 
function of distance from the source is significantly 
different from the specific ionization curve for a 
single a-ray shown in Fig. 1. The average specific 
ionization curve, called the Bragg curve for W. H. 
Bragg, who first examined it systematically, is 
shown in Fig. 2. The Bragg ionization curve is 
seen to be broader at the peak and to have a pro- 
nounced “tail” near the end of the range due to 
straggling. The extrapolated ionization range, /?, 



distance, cm of oir 


Fig. 2. Bragg ionization curve for polonium a-rays 
(5.298 Mev) in air at 15°C and 760 mm Hg. ( From 
R. Naidv , Ann . phyt. ser. 11, 1:72-122, 1934) 
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Fig. 3. Range-energy relationship for a-rays in Hry 
air at 15°C and 760 mm Hg. (From R. D. Evans, The 
Atomic Nucleus , McGraw-Hill, 1955) 


in Fig. 2. is slightly greater than the true mean 
range R of the distribution of a-ray ranges. 

Range VS energy. The mean range R of a rnom> 
energetic group of a-rays c annot be derived nholh 
from theory but must rest on the results of mam 
careful measurements plus interpolation and extra 
potation based on theory. Figure 3 shows the mean 
range of a-rays in air for «-ray energies up to 17 
Mev. 


Geiger-Briggs rule, ft is often convenient to ih( j 
a rule of thumb to obtain relative ranges in a par 
tit ular material if the range is known for one \alw 
of the energy. H. Geiger first pointed out that flu 
range R of an a-ray is roughly proportional to the 
cube of its initial velocity V . A more exact relation 
ship, for R greater than 5 cm of air. ami an un 
provement of Geiger’s rule by G. H. Briggs p 
R = const X F n •* (Geiger-Briggs rule). 

Range in other absorbers. Dry air has long heer 
the standard reference absorber for o-rav ran^ 1 


vs-energy relationships, such as that shown in 
Fig. 3. An approximate relationship for the rela 
tivo ranges of a-rays of the same energy in variate 
absorbers rests on early observations bv W B 
Bragg and R. Kleeman, who found that the relative 


stopping power per atom is approximately propor- 
tional to the square root of the atomic weight 
and that in mixtures and compounds of several »*le 
rnents each atom acts independently of all the eth- 
er*. Then the range R of aigiven a-ray in an ah 
surlier is related to its range Rn in a referent 
material by 


R /Vo 1 
Re ’ /V S 

where N is the number of atom* per cm 3 an< * 
the relative atomic stopping power of atoms o 
absorber compared with atom* of the reference ' ^ 
terial. For %elementary material*, A * ip 1 
where p is the denaity and K i» Avogadro’s nn»» ’ 

and S - y/A/An. For mixture* 



(niA\ -f 4- n*An 4- •) 

w here /it, ■■-««* the atomir fractions of the 
element* whose atomic weights are A u A>* . . . , 

ami 

5 « rti VA\ /An 4‘ n^Ai / An 4- n*\f A a / An + ■ ■ • 

Then the Bragg-Kleeinan rule, for elementary ab- 
sorbers, is 

H 1 ^ (pi) /An) ^ An ^ PnV A 

R« “ A' S “ (p/,4) V,4 p\ / .4„ 


and for mixtures the effective value of \/4 is to be 
taken as 

, n\Ai 4- ri‘jA* 4* rizA:{ 4* * 

^ ^ riiV ,4 1 -f n A 2 4* nsV Aa t 


f,,r air. \/4 o * 3.82, - 1.226 x 10 g cm ', and 

i |,o Bragg-Kleeinan rule then takes its most rum- 
man form 

VA 

R *■- 3.2 X 10 4 - R uu 
P 

In aluminum, the range ,#! o-rav* in the domain of 
l 10 M«*\ is then about 1 1600 of the range in air. 
In general the range of ordinary o-ravs in various 
.olids i- onlv a few thousandths of I in. 

The Bragg-Kleeman rule is usual l\ good to 
_-J .v;, A closer estimate can he obtained from the 
detailed theorv of energy loss, hit! accurate range- 
wenergv relationships for all absorbers must he 
base d un direct experiments. jR.P.t.i 

liiblwgraphy : .See Kapioai tivity. 


Alternating current 

Elect rir current which periodically reverses direr- 
turn finally the current / at a gi\en point in an 
alternating-current lac) circuit varies sinusoidally 
v^ith time 

f “ fi»Ht •‘‘in 2i?ft 

"here the frequency / of the current is the number 
"I Mimplete cycles per sec ond < Fig. 1 • . In one com 
.plrte cvcle. the current goes through one maximum 
anrl one minimum value. Similar relations hold for 
the applied voltage. The standard frequency used 



Diagram of sinusoidal alternating current. 


Alternating currant 269 

in the United States is 60 cycles per second (cps) ; 
however, many countries use SO cps. 

Advantages over direct current. For commer- 
cial use alternating current is superior to direct 
current because it is possible to increase or de- 
crease the voltage by means of transformers. Elec- 
tric power can he transmitted long distances at 
high voltage and low current with very little loss in 
transit, and then transformed to usable voltages at 
its destination. This is impossible with direct cur- 
rent. Also, ac generators are simpler in construc- 
tion than dc generators since they do not require 
commutators. Nearly all the power industry in the 
United States now makes use of alternating current. 
Even though the average value of alternating cur- 
rent iKelf is /.ero. heating is produced and energy 
is convex ed because these depend respectively upon 
the square of the current and the product of voltage 
and current. For sinusoidal current. /- = }£/ 2 , nM . 
Here / means the average value of the square of 
die current. This is different from the square of the 
average. / l . which is zero for any sinusoidally vary- 
ing quantity. 

Peak and rms values. The peak value of current 
or voltage i*- the maximum value reached during 
each cvcle. represented h\ the peaks of the sine 
cuivc a- plotted against time. The effective, or 
root-nman-Mpiare (nns), value of current or volt- 
age j* defined in terms of the heating effect of the 
current. The production of heat in a resistor is 
proportional to the square of the instantaneous 
cunent; thus a steady* current t, which gives the 
same heating effect as the actual alternating cur- 
rent. would have the value r = V/ 2 - If / * 

I iiiH \ w in 2r/f. /‘ = 'i'/'ihh*. so I = f 1/V2) /max ** 
0.707/i, „| X . Similarly, the effective voltage v = 
0.7071 max . For tdinary house current rated at 
110 \o1n effective , due. the peak voltage reached 
each cvcle is actually about 155 volts. 

Phase. The phase of an alternating current or 
voltage refers to the portion of the complete cycle 
through which the current or voltage has ad- 
vanced. It may refer to the value of / or V at time 
f « 0. If / = /„ia* sin 2 r/f = / max sin «>f. where 
ot - 2—/ is the angular frequency in rad sec. the 
phase is /ero. If / = /„,„ x cos ntf. the phase is 90° 
or 1 1 cvcle. Relative phase, that is. the difference 
between the phases of current and voltage, is an 
important quantity. 

Circuit elements. The principal types of circuit 
elements for alternating current, with symbols as 
used in wiring diagrams, are 


resistance — AA/V - 
inductance 


capacitance 



Ohm's law may hold for alternating current as 
well as direct current under certain conditions. In 
a pure resistor. V «* IR. and the voltage and the 
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current are in phase. The power dissipated is I'R. 

In a pure inductance the phase of the current 
lags 90° behind that of the voltage. The inductive 
reactance (in ohms) is Xu ® 2 irfL. where A is the 
inductance in henries. Then V « l Xu. The power 
dissipated is zero. A circuit may possess self- induct- 
ance ( where the inductive effect is produced by the 
current itself) or mutual inductance (where the 
effect is produced by the current in a neighboring 
circuit ) . Two inductors connected in series may aid 
(A * L\ 4- L‘j) when the magnetic fluxes are in the 
same direction, or oppose (A = L\ — A*) when the 
fluxes are in the opposite direction. The effective 
inductance of the series combination is intermedi- 
ate between At 4- Aa and L\ — A_. if the fluxes pro- 
duced by the two coils make an angle with one an- 
other. 

In a pure capacitance the phase of the current 
is 90° ahead of that of the voltage. The capacita- 
tive reactance (in ohms) is Xr * 1/(2tt/C). 
where C is the capacitance in farads. The power 
dissipated in a pure capacitance is zero. For two 
condensers, or capacitors, connected in series, the 
effective capacitance C is given by 1 C = 1 'C\ f 
1 Cj. If they are in parallel. C *= C\ 4- Ca* 

Vector phase diagrams. The combined effect of 
resistance, inductance, and capacitance in series 
can best be calculated by means of vector phase 
diagrams. Here the resistance is conventionally 
represented as a vector drawn to scale horizontal! v 
to the right. X r . is drawn vertically upward, and 
V, is drawn vertically downward. In a series 
circuit the currents in all elements are necessarily 
in phase and equal, so that the vector reactances are 
in phase with the voltages across each element. The 
impedance Z of the combination, that is. the total 
opposition to the current flow, is- given by the mag- 
nitude of the vector sum of R , Xu. and Xr. Thus 
Z * \'R 2 4- (Xu — Xr) 2 . Impedance plays the 
same role in an ac circuit as does resistance in a 
dc circuit. Z = v /A where r is the effective 
frms) value of the potential difference and i the 
effective frms) value of the current. Z is measured 
in ohms. 

The phase of the current lags that of the volt- 
age by the angle where tan <f> * (.V/. — X r )/R. 
The rms current itself is given by 

i - VN&TTxr- xJY 2 

The power P dissipated in the series circuit is 
given by P « iV cos Cos <f> is known as the 
power factor, and can range from zero to unity. It 
is always positive inasmuch as ranges from 

X L 



Fig. 2. Addition of vector reactances. 



Fig. 3. Behavior of current near resonance. 

fW (pure capacitance) to 90 9 (pun? 
ductance). 

Resonance. If Xu - A/, the current is. a |, MX | 
mum and has the value V R. The circuit is th,.,, 
said to be in resonance. This occurs at frei|unn\ 
/. - 1 (2 tt\ AD. as in a tuned radio circuit. Fur 
fixed R. A, and C the variation of current with 
frequency m the neighborhood of resonance j. 
as shown in Fig. 3. 

A parallel RLC circuit can be treated in a nmi 
lar manner except that in this case it is tin* \olt.i^ 
across each element which are in phase and c«]ii..i 
The currents arc out of phase. At resonance th. 
transmitted current is a minimum instead of a nu\ 
ivnum. and the combination acts as a filter. In .m 
ideal filter R = 0. Often it iwdesiruhle to rrmm. 
certain frequencies from a signal which contain- ,i 
wide range of frequencies. This can be ainmi 
(dished with a combination of filters. 

Combined series-parallel combinations and net 
works can be treated b> means of circuit theorem- 
due to C. R. Kirchhoff and others. Srr kirn minit'- 
LAWs OK KLECTRK « IHCPITs; srr also Ai.ILHNWJN'. 

ct kkent circuit th kory; Cap\ciian(k; Ciruit 
electric:; CURRENT. electric; Fll.TKR. ELM 1RI' : 
Impedance, electric ai.: Inductance: Join* 
law; Network theory, electrical; Ohm's mr. 
Resistance, elk* tricai.; Resonance ( alifr^i 

ING-CI 'RREN r CIRCUITS). [j.W.sl 

Alternating-current circuit theory 

The analysis of electric circuits in which the dim 
lion of the current is periodically reversed, fhd' 
sine-wave currents under stetdy-state condition- an 1 
considered: for analysis of ftonsine waves and b fll ' 
monic frequencies, .fee WAvkeorm. nonsin(* ,0 | 
dal; for non-steady-state Conditions, * ce 
sient, electric. 

The study of aUernating-durrent (ac) circuit* »■* 
divided into single-phase circuits, to which a sing c 
phase voltage is applied, atid polyphase circuity 
to which polyphase voltages are applied* il [ 
cuits contain resistance, inductance, and capai 
tance. which may be arranged in series or in P ara 
lei combinations. 



SINGLE-PHASE ALTERNATING-CURRENT CIRCUITS 

flit* analysis of a single-phase circuit includes 
jbf. voltage and current relationships, tin- circuit 
dements and their effect, and the power taken by a 
circuit. Various circuit arrangements and the spe- 
r j a | condition of resonance are discussed. 'The rep- 
resentation of electrical quantities as vectors nr as 
complex numbers is u useful tool of circuit analysis. 

hi addition to being useful for anahsjs of sim- 
ple single-phase ac circuits, the methods presented 
form the groundwork for analysis of pol\ phase ac 
circuits and of more complex circuits through the 
„se of network theoiems (sec Mm work mii.okv. 
h.h'IRU ai ). 

Sine waves. The sinusoidal voltage wave shown 
in Fig. 1 has the equation 
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Self-inductances A u A*>, etc., in scries give a total 
self-inductance of 

Lr - l*\ 4- A z 4- /■'.i 4- ‘ * * henries 
Self-inductances in parallel are combined to give 
V/-r - l/7-i + 1 //-a 4- 1/A, + * * ■ 

If mutual inductance M exists between two self- 
indurtunres. then 

A/- = Aj f L 2 ± 2 M henries 

Hu* positi\«> sign is used if the coils aid each other 
in magnetic flux, the negative sign if they oppose 
each other. Only a test gi\es this information, in 
general. 

I coils in parallel, with mutual inductance 
present, give 


v *= K m sin u>/ volts 

w hcre r =* instantaneous voltage at any time t 
E m ** maximum value of wave 
(jj =* 2irf electrical rad /sec 
f ~ frequency in cycles - sec 

Since the instantaneous value of anv alternating 
voltage or emrent is constantly changing, it i* m*i - 
r'ssatN to define some value which will be a meas- 
ure of the u^efulne-s of the quantity This value, 
.ailed the effective value, is defined to he equal to 
.i direct current which produce* an equal heating 
t'lTt'v I a> the alternating cunent. and it is found to 
lie the rms value of the wave {.see K nor- Ml vx* 
sotvRl.t. For a sine wave, the rms value i- the 
maximum value divided hv the square root of 2 
Kur the wave of Fig. I 

E -- E,„ \ 2 ~ 0.707 E,„ volts 

wh»*re E is the rms value, written without a *iih- 
her aiise it is the universally used value of an 
ilu*rnalmg wave. The rms value is measured hv an 
' I*'* tmdviiamometer-tv pe instrument. 

IV peak factor is the ratio of the maximum 
' aliit* to the rms value. For a *ine wave, the peak 
hi. tnr is the square root of 2. or 1.11 1. 

Circuit elements. Self-inductance* alone, in 
-mr* or in parallel, are treated iust a.* arc resist 
jikcs (sre I)ihk< r-it mu n r i iri \ n iiiiorv). 



I.t 


A,A* - \P 
A i 4- A, 4= \P 


henries 


(1) 


I he negative *ign j n the denominator is u*ed if the 
coihs aid ea* h other in flux, the positive sign if thev 
oppose each o'. her. If the hraiuhe* eontain resist- 
ance or capacitance which i* not negligible. Eq. 
fit i H not valid. Such cases are l»est treated 
through mesh or node equations. 

f.apai it tmes ( A> etc., in parallel give a total 
capai itam e of 


A / “ ( ] 4- C ‘ 4 C> 4- • • ■ farads 

Capacitance* in series combine to give 

1 A i — I A, 4 1 C'j 4 1 A ; 4- • ■ • ( 2 ) 

Equation *2) is valid onlv for pure capaeitances. 

General RLC series circuit. A series circuit is 
first reduced to a single resistance ft. an induct- 
ance A. and a ipacitame A hv combining like 
quantities. Assuming a current i = A„ >in f.» / in the 
circuit in Fig. 2. and applying KirchhofTs voltage 
law. the instantaneous applied voltage is 

f — fff f C; -i C,' 

~ Ri Luh <lt) 4 (l Qii dt 


« Rl„, sin u't ♦- u cos ict — (1 4 oC)/ m cos a?/ (3) 

* /„, | ft dn ut t a>A sm (a :t 4 f W°) 






♦ 

(l U>C) sin (a>/ - 

00°) | 

- L,\ 

Hr 

4 |u,»A 

- (1 

u'op 

<in ( u'l + 0) 


= L\ 

w 

TZy 

. - AY 

) 2 dn 

(cof + 9) 

(0 

« u. 

*in 

{u't 4 - 




(5» 

wl'oro 


0 = 

arctan 

IvV, 

- Xr) ’R] 

(6) 

A; - u’J 

K =* 

2«fL 

Oh III! 

«■ (inductive reactance) 

O 


W - 1 u'(' = I 2irfC ohms (capacitive reactance) 

w 

Z « \ ft 2 4- ( .V - A» 5 ohms (impedance) 


0 is the phase angle (also called power-factor 
angle) of the circuit, the angle hy which the cur- 
rent lags or leads the voltage, depending upon 
whether A / is greater or less than AY. 

The terms A / and A f are called the inductive re- 
actance and capacitive reactance respectively. The 
reactance is dependent on frequency as shown in 
Kqs. (7) and (B). Inductive reactance and capaci- 



272 Alternating-current circuit theory 



*ig. 2. General series circuit containing resistance, in- 
ductance, and capacitance. 


90° 



(o> (b> (ci 


Fig. 3. Voltage and current relations for single ele- 
ments. (a) Resistance: / and E R in phase, E k * Rl. 
(b) Inductance: £/, leads / by 90°, E lt - X L 1. (c) Ca- 
pacitance: E r lags / by 90°, E r - X< I- 

tive reactance can be combined into a total react- 
ance 

X * Xu — YV- ohms 

which is either inductive or capacitive, according 
to whether Xl or Xr is the greater. Reactance af- 
fects both the magnitude and the phase angle of 
the voltage-current relationships as shown by F.qs. 
(3) and (6) respectively. 

Figure 3 shows curves for the alternating-current 
and voltage relationships in the resistance, induct- 
ance, and capacitance, and the equivalent informa- 
tion in terms of rms values given in the form of 
vector diagrams. 

Impedance. The impedance, Z ohms of a cir- 
cuit results from the combined effects of resistance 
and reactance. Eqs. (4) and (5) show that the mag- 
nitude of impedance is 

Z - \/W+~(Xl -IETF ohms 
Xu and Xr are combined first because their asso- 


ciated voltage components are 180° out of ph a „ e 
with each other. Their resultant voltage is 90° 0lIt 
of phase with the IR drop, hence Xl — Xr combine 
with R as the two sides of a right triangle having / 
as the hypotenuse. This is called an impedance 
polygon. 

Impedance may also be defined as the ratio of 
voltage to current. Thus, 

Z ~ E m l m = E/I ohrns 

which is Ohm’s law for the ac circuit. Impedance 
is properly defined hy giving its two right-angle 
components (Xu — X t •) and R, or by giving its mag- 
nitude Z and the angle 0, which is the same angle 
as the 0 in Eq. (6). 

Impedances in series add to give a total imped- 
ance 

Zr m Z\ 4- Zz -f- Zu • • * 

The total impedance of several impedance* in par 
allel is 

1 /Z r * 1 Z, + 1/Z a + l'Z. f • * • (4, 

In all cases, each component impedance must be 
expressed as a complex quantity, or else an equiv- 
alent graphical addition must be carried out. C.oni 
plex quantities are discussed later in this artn b 
under Complex representation of ac quantities 

Impedance determines the action of a circuit un 
der steady-state sinusoidal oscillation. With R. I 
C. and / known. Xu and Xt are first calculated 
then Z , and then 0. E volts rms produces a f ur 
rent / - E. Z amperes rm». or E - IZ volt*. Tie 
current lags or leads the voltage bv the angle h 
according to whether 0 is positive or negative 

Vector representation of ac quantities. Con- 
sider the RI.C series circuit of Fig. 2 as a gener.il 
example. The rms voltage components arc added 
graphically in Fig. 5 through use of the concept- 
shown in Fig. 3. This forms a voltage polygon *mi 
ilar to the impedance polygon of Fig. 4. The clu- 
ing vector E = IZ is the applied voltage at plia*» 
angle 0 with respect to the rms current referemr 
/. Such a vector diagram gives a visualization of 
circuit relations, is a graphical means of solution, 
or is a guide to more exact numerical calculation 

The steps in vector representation are 

1. Calculation of the reactances and formation “I 
the impedance polygon. R is to the right. A/J- 
up, Xr is down, and Z is the closing line. I lb- 



R 


Fig. 4. Impedance polygon showing relationship °* 
resistance, reactance, and impedance. 



Ei • Ml 



f, g 5 Vector diagram of current-voltage relationships 
, n RLC series circuit. 
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and / « E/Z amp lagging E by 9 * arctan 

(X h /R). 

RC c ircuit Z — yJR* -f Xv l ohms 

and / ~ E/Z amp leading E by 0 » arctan 
(Xr/R). 

If R. or X h . or Xr exists alone, the impedance 
then is / - or Z - X L , or Z - Xr ohms, respec- 
tivelv. If R is negligible in a circuit containing Xu 
and Xr, then Z - (X L -Xr>. The current lags or 
leads the voltage depending upon whether Xu is 
greater or less than Xr. Impedance is a general 
term that includes single elements or any combi- 
nation of them. It can be resistance only, or react- 
ance onl\. 

Parallel circuits. The parallel circuit is treated 
by an example (see Fig. 7). The branch currents 
are calculated firM as in the RL and RC cases just 
discussed. Then they are added vcctorially to give 
the line current /. Vector diagrams for parallel cir- 
cuits are current polygons resulting from the addi- 
tion of the branch current 1 *. The line voltage E is 
the reference for this diagram. A circuit having 
maiiv parallel hi .inches is treated in the same way 
h\ tnerelv adding each new branch current to the 
tip of the preceding one. The phase angle of the 
over-all sv stern is 


0 arctan 


net out-of-phase current 


6 Voltage and impedance triangles for (a) Rl 
) ib) R< series circuits. 


h 




Pig. 7. The parallel circuit. 

aWe or below R by ihe phase angle 0 as X,. is 
greater or less than Xr- 

2. Formation of the voltage polygon by multiplica- 
tion of each aide of the impedance polygon by 

/ - E/Z. 

RL and RC wriet circuits. These two circuits 
ar <* hui special cases of the general RLC 
circuit and are derivable directly from it. For the 
RL circuit all terms involving AV are omitted an 
for the RC circuit all terms involving Xu are omit- 
j«L Figure 6 shows the circuits, and voltage and 
impedance triangles for the RL and RC senes cir* 
c tiits. Specifically. 

RL circuit Z ■» \/R* -F Xt* ohms 


total in-phase current 

\ useful quantity in the computations of paral- 
b>l imiit» is the reciprocal of impedance, called 
the admittance. Admittance Y is equal to 11. 
Since the total impedance of a parallel circuit is 
found b\ F.q. (‘fl. it follows that the total admit- 
tance is » = >', f Y,+ Y<+ •••• S»>ce 

V, = 1 lu then / = Mi- 
Complex representation of ac quantities. Com- 
plex representation ol ac quantities is the algebraic 
statement of the horizontal and vert.cal compo- 
nent* of voltage, current, or impedance as these 
are shown in vector diagrams or impedance poly- 
pous. Figure 8 shows a current ) at angle <f> with 
the horizontal axis. It can he written as 

/ . l x + jl 2 = /(cos $ + j s»n </») = l/ A 

Horizontal components are positive or negativT to 
.how position to right or left of a chosen ongtm 
Vertical components are preceded hy +j or f to 
show that they lie above or below the honxontal 
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axis. As another example, the rms value E of the 
voltage in Fig. 2 is written 

£ « //? 4 jIXl - jiXt 

* /[ H 4 ■ j[Xh — AY ) 1 volts 

whence 

Z - R 4- /(AY — AY) ohms (complex impedance) 

Inductive reactances are preceded by 4 A capaci- 
tive reactances bv — /'. 

As shown in Fig. 8. / can l>e treated as an 
operator that rotates a horizontal line segment 
through 490‘\ A further rotation of 90° means 
/*/ 2 = —/a. Hence. /*■’ = — 1. ;7- means / 2 at 
—90°, and /*/_> = 4/2 as at start. Complex num- 
bers obey the ordinary laws of algebra. In multi- 
plication. algebraic signs. f s. and magnitudes are 
multiplied separate!) to give the final result. For ex- 
ample. (4/8)1— >5) = —>-(40) - — ( — 1)(14H = 
4-40. An expression containing a complex de- 
nominator such as a ± jb is multiplied b> the 
ratio ia^jb) (<i T jb). which is one, so as to 
remove from the denominator the term containing 
/. The process of nniltiplving and dividing bv the 
conjugate of a complex number is called rational- 
izing. 

As an example, the current through an imped- 
ance of Z - 8 — >6 ohms to which a voltage 
E = 100 4 /SO volts is applied is 

_ 100 4 /’SO 8 4 jb 500 4 /1 000 „ ^ 

8+J»- 100 - -“»• 

E has a magnitude of 111.80 volts at -*-26.56*’ and 
Z has a magnitude of 10 ohms at —56.87°. In polar 
form from F.q. ( 10 1 . 

111.80/26.56° 

I- 'jo 36.87* H. 18. 63.4.1° -S fylO amp 

Impedances in series or in parallel are combined 
just as resistances, provided each impedance is ex- 
pressed as a complex number. Two impedances. 
Z\ = 4 4- >5 and Z> — 5 — >8 ohms, in parallel 
give an equivalent impedance 

z _ Z 1 Z 2 (4 4 >5) (5 - *8) 56 l f/117 

* Z\ 4 Z z " 9 ~/3 ' 90 

>■ 6.23 4 >1.30 ohms 

The result is an equivalent impedance of 6.23 ohms 
resistance in scries with 1.3 ohms inductive react- 
ance. The admittance is 1 /Z, or the sum of the two 
separate admittances. 

Y » l/Z - 1/Z, 4 1/Z 2 - Fi 4 Y* 

« 0.154 - >0.032 

Resonance. The series circuit is said to be res- 
onant when X/ , * AY. Equating Eqs. (7) and (8) 
and solving for /, the resonant frequency >o is 

/o « 1/2 tt\/LC cycles/sec 

and Eq. (4) shows the current has its maximum 
value of / * E/R amperes. 


A parallel circuit is resonant when the restilt illlt 
out-of-phase component of current is zero. In p r . (| 
tical cases the impedance is an equivalent rcvj sl 
ance of large magnitude and the current is X( . h 
small. It is not necessarily of minimum value | MJt 
will he close to it. If resistance were zero, the i> v 
on ant current would he zero and the iinprdan ( «. 
infinite. Parallel resonance often is called unii r « N 
onance to distinguish it from series resonance. K„ r 
further discussion see Rksonanck ( ai.tkhivativ,. 
t i'rrkn r ciiu t trs). 

Power. The instant ancons power p taken U 
any circuit is the product of the instantaneous \ 0 |, 
age and current. That is. 

p - ri watts ( instantaneous power ) 

The average power over a cycle having a poi io«| «,[ 
T - 1 '/ sec is 


T fo* ei dt 

y, fj Em sin U3t ■ I m sin (cot ± 0) fit 
E„,l m 2 cos 0 « El cos 6 waits (average |m»\m 


Thin result applies onlv to voltage and cm rent tli.ii 
are sinusoidal and of the same frvqnencv. 

I olt-am per rs. Apparent powei. in volt ampi n - 
is the product of nils voltage and t orient Ir Im- 
two component-* (see Fig. 9) that are proportion: 
to the in-phase /,,, and out-of-phase / lf « onip ( >n> n*- 
of line current. 


El, n — El cos ft watts faetivi^r average |»i»vo‘i« 
Elmo = El -in 0 volt amperes re.u 1 1 v pown < •. 1 - 



Fig. 9. Current component} used in calculating power 

EJ - EX U 


II 


Erl - EX, 


MAY Ac) 


E h ! - ER 

Fig. 1 0. The power polygon. 

Fig. 10 is a power diagram obtained from 
by multiplying each voltage component by /• r ° 
Fig. 10 the following definitions are obtained. 




El » PZ volt-amperes apparent power 
ErI - PE watts active, or average, power 
EiJ » PXl volt-amperes reactive power 
Eel *■ PXr volt-amperes reactive power 
(El -* ic)/ “ P(Xl - Jfc) 

net volt-amperes reactive power 


power factor. Power factor, by definition, is the 
rati'» of the active power to the apparent power. 


Power factor (pf) 


watts active power 
rms volts X rrns amperes 


The three quantities in this definition are those ob- 
tained from usual ac instruments. The definition 
i* general and holds also for repeating nonsinn^- 
(•idal voltages and currents. For the special case of 
sine waves of the sume frequency, pf *= cos 0 — 

H L | 1 


POLYPHASE ALTERNATING-CURRENT CIRCUITS 

Polyphase ac circuits consist essentially of sev- 
eral single-phase circuits which have their supplv 
\idtagps displaced in phase. The severul phases are 
u-uallv interconnected electrically. A polyphase 
s\-»tcm inav he ha I anted or unhalanced. Balanced 
p.,|\ phase systems have the magnitudes of all 
jih.ise voltages equal, s-.rd the voltages of anv two 
.uhatent phases are displaced hv exactly the same 
phase angle. Kxcept for twi»- phase ad|a- 

i ent phases are displaced hv dhO' divided hv the 
number «»f phases. When currents exist in the 
plia-ps. adjacent phase currents are also displaced 
!t\ the same phase angles as the voltages, altliougli 
t he sv*»lem of cuircnts mav he displaced from the 
ovstem of voltages hv anv angle. Polv phase svstem** 
ni.tv he connec ted in star or mesh, as illustrated 
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Fig. 13. Two-phase system. 
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Fig. 14. Four-phase system. 


180° 




hfl 11. Star connection. 



F| ®‘ 12. Mesh connection. 


Fig. 15. Part of o.i n-phase star and voltage vector 
diagram. 

in Figs. II and 12. The point n in Fig. 11 is called 
the neutral. 

Two-phase and four-phase systems. A two- 

phase ha la need system has its phase voltages dis- 
placed hv ‘Mr as in a four-phase system. The dif- 
ference between two- and four-phase is illustrated 
in Figs. Id and 14. Figure Id shows two coils hav- 
ing voltages of equal magnitude and displaced in 
phase hv ( XT : these form a two-phase system. Fig- 
ure 14 shows the same tw» coils with the same volt- 
age - hut interconnected at center taps: this con- 
stitutes a four-phase system. A two- phase system is 
essentially two independent single-phase systems. 
In some instances, however, a common connection 
is made between points a and c of Fig. 13 and 
three line wires are connected to points a , 6, and 
(I. This constitutes a two-phase, three-wire system. 
It then is electrically equivalent to half of the four- 
phase system where a wire is connected to the neu- 
tral point n. 

Since two-phase systems are essentially two sin- 
gle-phase systems, they may be calculated on a per- 
phase basis exactly as in a single-phase system. 
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Balanced ft-phaae star. Figure 15a shows part 
of an n-phase star. Voltages of adjacent phases 
are displaced by 360°/n, as shown by the vector 
diagram of Fig. 156. The voltage between lines a 
and 6 is obtained by adding the voltages encoun- 
tered in traversing the circuit from a to 6. Thus 
«■ If the magnitude of each phase 

voltage V na% etc., is F,„ and the line voltage 

between adjacent lines is V L% the trigonometric' cal- 
culation suggested in Fig. 156 shows that 

V L « 2V p sin (180°/n) (11) 

An inspection of Fig. 15a reveals that the line cur- 
rent /<„, is identical with the phase current 
Thus for the star connection. 

where //, and l r represent the magnitudes of line 
and phase currents respectively. 

Balanced n-phase mesh. Figure 16a shows 
part of an n-phase mesh. Adjacent phases in this 
connection have currents displaced by 360°/ n. 
The vector diagram of these relationships is 
shown in Fig. 166. If the magnitude of the cur- 
rent in each phase such as /*, is l p . and the mag- 
nitude of each line current as f bh is ! tj% line cur- 
rent in terms of phase current may be determined 
as follows. From KirchhofFs current law / M . = 

I ah + hh* Hence by the trigonometry suggested in 
Fig. 166, 

//. - 2/ r sin n80°/n) (12> 



Fig. 16. (o) Port of an n-phase mesh and (b) current 

vector diagram. 




Fig. 17. (a) Y connection, (b) Voltage vector diagram. 



Fig. 18. Funicular, or string, diagram of line voltages 
and polar diagram of voltages to neutral for Fig. I7 a 


An inspection of Fig. 16a shows that the line volt- 
age between any pair of adjacent lines such a*, n 
and 6, for example, is identical with the phase volt 
age from a to 6. Thus for a balanced n- phase med, 

y t. = Vp 

where V v and V /, are the magnitudes <>f ph d v». 
and adjacent line voltages respectively. 

Pouer factor of balanced polyphase systems Th» 
power factor of a balanced polyphase system i- th» 
power factor of any single phase. It is the co*iro- 
of the angle of phase difference between the ph.M* 
voltage and the corresponding^ phase cut rent Tin- 
is also the ratio of the power for a single phase li- 
the volt-amperes of a single phase. It should l.» 
noted that the power- factor angle is not the angle 
between line voltage and line current in a pnhpiuw 
circuit. 

Y-connected systems. An n-phase star s\ '-tern 

for the special case of three-phase is called a V 
tem. A Y-connected three-phase system is shown in 
Fig- 17a. The relation between line and phase volt- 
ages for the balanced Y is found from Flq. ill* 1 )N 
substituting the value 3 for n. 

V t , - 2V p sin (180*)/3 - V^3 V p 

and Ii • / p 

The vector diagram showing the relations between 
all line and phase voltages for the Y system e 
shown in Fig. 176. The arrangement shown in 
Fig. 176 is called a polar vector diagram, since all 
vectors emanate from a singly point, or pole. Some- 
times the line voltages are dtawn to form a c!o-r( 
triangle as shown in Fig. 18. This is called a fu- 
nicular, or string, diagram. 

Balanced Y loads. When three identical imp** 
ances. Z % are connected in Y as shown in Fig. 
they form a balanced Y loid. If balanced three 
phase line voltages as shown in Fig. 18 are ,f , 

to the lines a, 6, and c of Fig. 19a, the principle o 




Fig. 19. Balanced Y load. (a) Impedance connected in 
Y (fa) Vector diagram of a balanced Y load. 


"Nmmrtrv will show that the voltages to neutral 
*ill l>e as shown In Fig. 18. The phase voltage and 
phase currents are 

V P = V L /\/3 and Ip « //, ® V i. A/3Z 

''ince the phase currents will be out of phase with 
their phase voltages bv the impedance angle, a 
'oniplete. polar vector diagram for phase imped- 
’ e** consisting of 5 ohms resistance and 8.66 ohms 

inductive reactance (which yield an impedance 
a Me of 60°) will appear as shown in Hg. 196. 

Delta-connected system*. An n-phase mesh 
s Wen» for the special case of three-phase is called 
a delta system, because its configuration is sug- 
f^tivv of the Greek letter X A delta system is 
in Fig, 20a. The relation between line and 
phase currents for the balanced delta is found 
fr '»mEq. (12) for n - 3. 

//, * 2/ p sin (180V3) - V3 /. 

ami 7 * y p . The three-phase balanced line volt- 
a ? es applied to the delta of Fig. 20a are 120° apart. 
' ,nc « they are also the phase voltages and the 
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driving voltages for the phase currents, the phase 
currents will bear a phase relation to the corre- 
sponding voltage as determined by the impedance 
angle, or power-factor angle, of the load. The vec- 
tor diagram, with V„ ti as the reference, shows all 
thes»* quantities for the delta system in Fig. 206. 
The impedance angle is again chosen as 60°. Line 
currents may he shown with their positive direc- 
tions either to or from the load. In Fig. 206 they 
are shown from the load. 

Unbalanced loads. The impedances in the 
three phases of a Y or delta load may be unequal 
in magnitude, in ratio of reactance to resistance, or 
in both. In any of these cases the load is un- 
balanced. Of delta and Y unbalanced loads, the 
delta is the simpler to solve. Since the voltages ap- 
plied to the unbalanced delta load of Fig. 21a are 
known, the current in each phase can he deter- 
mined directly from Ohm’s law for ac circuits, both 
in magnitude and phase. Line currents are then de- 
termined by applying KirchhofTa current law. as 
illustrated in the following example. Assume the 
line voltages applied to Fig. 21« are each 100 volts 
and = 6 i /H ohms, Z*, r = 4-/3 ohms, and 
Zm ~ 10 + ;0 ohms. If V flh is used as the refer- 
ence. or standard, phase and V * r is assumed lag- 
ging the following calculations can be made. 




Fig. 20. Delta-connected system, (a) Impedances con- 
n*e««d in d«lta. (b> Vector dioflrom for o 0.5-powor- 
factor delta load. 
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The vector diagram for this problem is shown in 
Fig* 216. 


V * 
I* 


Ite 


/»' 


100/0° - 100/- 120° Vca - 100/— 240° 

100/0° 100/0° 

— in: » * 10/- 53.1° -6 - /8 

6+ JS 10 /53.1° 

100 /- 120 ° 100 /- 120 ° 

— „ 20/- *3.1° 

4 - /3 5/ -36.9° 

2.402 - /19.aS6 

U + U - 6 - jS - 2.402 4“ / 19.856 
3.6 4-/11.86- 12.4/73.13° 


The other phase currents and line currents are 
calculated in a similar way. 




Fig. 21. (a) Unbalanced delta load. <b) Vector diagram 
for unbalanced delta load. 


a, w h > 



Voltage or current sequence. The terms 
quence. phase order, and phase rotation are \ .in 
ousl\ used to denote the order in which phases «>t 
a three-phase astern rome to their correspnndin^ 
maximum values. When the voltage of phasr k 
lags the voltage of phase nb as shown in Fig. 2t»6. 
the sequence is denoted as nh-bt -cri. If the voltaur 
of phase rn lagged that of phase ob % this sequent i 
would he denoted as ab-m-br. It is important in 
specify the sequence when solving unhaLunnl 
poly phase circuits, since entirely different *et* uf 
line currents in both phase and magnitude will in 
general result from the two sequences. 

Calculation of the unbalanced Y load. The 

unbalanced Y load rnav be converted to an eqniva 
lent unbalanced delta brad ( acc Y-DH i \ ikvn- 
formations). The solution for currents will then k 
obtained as shown for an unbalanced delta load 
The line currents obtained are the Y phase nir 
rents. The voltagedrops-to-neutral ma\ he <»1* 
tained by using these line currents and the re*po- 
live phase impedances. 

Other methods of solving unbalanced Y lead- 
are ha>ed upon the application of Kirchhoffk law-: 
and. in general, none of these methods will hr 
found appreciably simpler than setting up the 
necessarv equations and solving for the unknowns 
To illustrate, assume the line voltages applied t«> 
the unbalanced Y load shown in Fig. 22 are eaih 
100 volts in magnitude. Then with V n h taken as the 
reference voltage and assuming sequence ab-bc-va. 

V ab » 100/0° V hf f- 100/ -120° 

F r 7» 100/— 240° 

For the labeling shown, if total voltage drops are 
set equal to the sum of the component drops t p 
following equations result. 

Vot, ~ V an + I'ni, - 100/0° - 10/. - (6 f/M 
V, n - Vm + Vna - 100/-~2£0° 

- — (— /5) {la 4- Ih) - 10/fl 
Solution of these equations yields 



la - 9.928 - >6. 196 - 1 1.73/- 31.9° amp 
l b - -5 - y'3.66 - 6.2/ —J 43.8° amp 
/- + fc) - 4.928 - /9.8S6 - h.01/-63.42° amp 

power in balanced Y and delta systems. 

> 0 *er calculations in balanced systems are based 
|Ml n calculating the power for a single phase and 
liiltiplyintf by the number of phases. Employing a 
iilincript p to denote per-phase values and sub- 
ript t for total power, 

Pp * V pip cos 0 P 
nd for an n- phase system 

Pt * nV pl v cos 0 V 

The phase angle 0 V must be the angle between 
phase voltage and phase current and not between 
line voltage and line current. 

For a Y load the total power in terms of line 
voltage* and currents becomes 

P, ss 3P,/p cos 0 r « 3fE/ y >\/3) l tj cos 0 P 
» v 3 ^ iJl cos Op watts 

Fora delta load in terms of line voltages and line 
iirrcnts. power is 

p, ■ 3»y P cos Op - f 'tjh \/3) COS Oj, 

^ v3 ViJt. cos 0 r watts 

In term* of line voltages, line currents, and the 
.ingle between phase voltage* and phase current*, 
•hr* -ame formula for power is applicable to both 
(•danced delta and Y load*. 

Similarly, the reactive volt-ampere*, or vars. for 
"it her a hulanccd delta or Y load are 

v 3 I’t.lt. sin 0 vars 

The total volt-amperes for each are also 
\ 3 1 / / / . It is apparent from the above formulas 

tl.ar 

\oIt-ampercs - V ( watts »- -f (var*i J 

Power in unbalanced polyphase systems. For 

tinhalanred polyphase systems no correspondingly 
formulas may be deriyed to determine 
poner. volt-amperes, or reactive volt-amperes. 
n ,f ' s e quantities must be determined for each 
i>ha*e, employing the same principles as used to 
■alculate single- phase power. 

JWcr factor of unbalanced systems. As now 
the power factor of an unbalanced system is 
,f, Wmined from the total watts and vars. When ob- 
tained from these quantities for an unbalanced 
it is usually called vector power factor so as 
'! i t'ORMsh it from power factor as the cosine 
° tleari gle of phase difference Jie! ween phase volt- 
and phase current, which could he different for 
M 1 ^ la,ie of an unbalanced system. Thus 

U " ,tr power factor - — - 

V / (total watts)* + (total vars) 5 

01 POlyphaM voltages. Polyphase 
may be produced by rotating machines or 
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Fig. 23. (a) Elementary three-phase generator and 

(b) voltage waves produced. 


a 



Fig. 24. Network to derive three-phase voltages from 
a single-phase source. 


cert ail. circuit assemblies. From either two- or 
three-phase voltages any other number of phases 
ma\ he produced from suitably connected trans- 
formers. 

Figure 23 will serve to illustrate how three-phase 
voltages are produced by a rotating machine. For 
simplicity, a two-pole machine is shown in Fig. 23 a 
with a single coil for /t phase represented by the 
coil side* A and A'. A sinusoidal distribution of 
flux from the pole .-hown is assumed. With the pole 
in the position shown, no voltage is induced in coil 
side A. This is the 0° point in Fig. 23b. As the pole 
routes, an emf will he induced in coil side A in a 
direction toward the reader. Call such a voltage 
positive. The emf wave produced bv the coil shown 
will then appear as shown bv oune A in Fig. 236. 
If another coil with sides B and B f is placed with 
coil >ide B displaced 120° from A as shown, the 
emf in B will be a maximum 120° later than that 
in A. rience the wave labeled B in Fig. 236 will be 
generated. If. now. another coil with sides C and 
C is placed on Fig. 23 a as shown, with side C dis- 
placed 120° counterclockwise from B % side C will 
have induced a maximum emf 120° after the maxi- 
mum emf is induced in side B. This emf would then 
appear as labeled C in Fig. 236. If A\ B\ and C f 
are now connected to form a neutral, the lines may 
he taken from A , B , and C. and the generator will 
he connected in Y. As an alternative, A could be 
connected to C. C to B\ and B to A\ and lines 
taken from A . 8, and C. This constitutes a delta 
connection. 
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Fig. 25. Six-phase voltages. 



n n n n n n 

0 1 0 V 0 2 0 Y 0 3 0 3 ' 

Fig. 26. Transformers with double secondaries, prima- 
ries connected in delta. 



Fig. 27. Voltages of primary and secondary windings 
of transformer shown in Fig. 26. 


3 



2 


Fig. 28. Y system of voltages from the first set of sec- 
ondary windings of Fig. 26. 


0 



0 


Fig. 29. Y system of voltages from the second set 3 f 
secondary windings of Fig. 26. 


M 1 1 



I sr 


Fig. 30. Superposition of vector diagrams shown r 
Figs. 28 and 29. 


As actually constructed, additional <niK ,ir» 
placed on the stator in Fig % 2 3« so that all ill** 
periphery is covered. The additional coils jd.iml 
symmetrically with respect to mil AY « over (»n»- 
third of the stator periphery. All these* mil* aif* 
then connected in ^eries additivelv. and the 
of the resultant voltage will he the same as that "t 
the renter coil AA'. A similar procedure i* M 
lowed for the other two phases. 

Three-phase voltages from single-phase snums 
If a single- phase voltage is applied between <. 
and e to the circuit shown in Fig. 24. calrulatmr 
will show that three-phase balanced voltage* I - 


V, f , and V (4 will result. Also the voltage* to mu 
tral of the Y will he balanced. This combination <>' 
parameters may be used to get three-phase volt 
ages when only a single- phase source is available 
Six- phase systems. Study of Fig. 23<f will indi 
cate that roil edge B could have been placed ° n *' 
60° counterclockwise from A- If such a procedure 
were continued, a machine jrith six coils would re 
suit and six voltages would !.bc generated. I He vot- 
ages of adjacent coils would be 60° apart ( t ig* -• 1 
While six-phase can be developed by a generator, 
as explained in the previous paragraph, it ma> * 
very simply developed from three-phase through t r 
use of three static transformers, each transform** 
having two secondary windings, as shown in 
26. The primaries are connected in delta 
and balanced three-phase voltages applied to 



lines an indicated. The voltages induced in coils 
01 and Or are in phase or phase opposition with 
the primary voltage depending on the way in which 
the coils are wound. Assume them to he in phase 
These phase relations are shown in Fig. 27. If the 
zeros of coils 1, 2, and 3 are connected, a Y system 
as shown in Fig. 28 results. If \\ 2'. and 3' are 
connected at a point, a vector diagram similar to 
that in Fig. 28 will result, hut the phase of all 
voltages will he reversed as shown in Fig, 29. If 
ihese two systems are superposed, the six-phase 
system of voltages shown in Fig. 30 results. Hie 
transformer connections are shown in Fig. 31. If 
an interconnection of the neutrals of the two Ys 
made as shown by nn\ true six-phase results. 
This connection is called the double Y. 

Adjacent lines of the six-phase system mav he 
determined by the roman-numeral labeling of the 
vector diagram of Fig. 30 and the correspondingly 
labeled load of Fig. 31. Thus 1 connects to I. zero 
of 2' to II. etc. For the opposite sequence the 
roman-numeral labeling could have proceeded 
dockwise on Fig. 30 instead of counterclockwise as 
.liown with no change in the labeling of Fig. 31. 

The three voltages portraved as a Y system in 
Fig. 28 could have been druwn to form a funicular, 
or string, diagram as simwn in Fig. 32. Ms,, the 
u.ltages for the coils labeled with the primes j n 
Fig. 29 can he arranged as shown in Fig. 32. The 
double delta connections for three- to six-phase 
transformation is made b> connecting as this dia- 
tum indicates; 1 to the 0 of 2. 2 to the 0 of 3. 

1' to the 0 of 3', etc. The connection is shown in 
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Fig 33. Double delta-connected transformers connected 
to a six-phase load. 


Fig. 33. Proper connection to a six-phase load is de- 
termined by labeling the vertices of the triangles in 
Fig. 32 continuously in one direction as indicated 
by the roman numerals, which then indicate the 
points of line connections to the transformers and 
load. Neither the point of starting nor the direction 
of labeling makes any difference so long as the 
direction, once started, is not changed. Reversing 
the direction of labeling only reverses sequence. 
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It should be noted that in contrast to the double 
Y with interconnected neutrals, the double delta is 
not true six- phase unless connected to a load 
which will establish an electrical connection be- 
tween the two deltas. Otherwise, it represents two 
independent three-phase systems. [k.m.k.] 
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Alternating-current generator 

A machine which converts mechanical power into 
alternating-current electric power. The most com- 
mon type, sometimes called an alternator, is the 
synchronous generator, so named because its op- 
erating speed is proportional to system frequency. 
Another type is the induction generator, the speed 
of which varies somewhat with load for constant 
output frequency. 

Synchronous generators. These generators usu- 
ally have the field winding mounted on the rotor 
and a stationary armature winding mounted on the 
stator. Although synchronous generators may be 
single-phase, they are usually 2- or 3-phase; most 
are 3-phase. Single-phase generators are rare be- 
cause they are larger than polyphase machines of 
the same kva ratings, because they have a pulsating 
torque and are noisy, and because single- phase 


power is not well suited to self-starting ae motors 
other thun those of fractional hp sizes. For the. 
ory of synchronous machines, see Synchromois 
motor. 

Since a pair of field poles must pass a gj V( . n 
point on the armature in one cycle, the number of 
poles required are determined from the frequent 
/ in cps and speed by 

Number of poles * 120//rpm Ol 

The speed selected is that best suited to the prime 
mover. Steam turbines operate most economicalb 
at high speed, hence 2- or 4- pole generators are 
used for this service, running at ,‘1600 or 1800 rpm 
respectively for an output frequency of 60 cps. For 
hydraulic turbine or engine drive, slow-speed ma- 
chines having many poles are c ustomary. 

High-speed synchronous generators, (ieneratoi, 
of this type have cylindrical rotors of solid allm 
steel forgings, with radial slots machined along 
their length to receive the field windings as slio*n 
in Fig. 1. The field coils are of hare, hard-drawn 
strip copper installed turn-bv-turn. within an in- 
sulating channel in eac h slot. Mic a plate in^tila 
tion is commonly used between turns. 

The slot portion of the windings j* supported 
against centrifugal force h\ nonmagnetic vvedg^ 
while the coil ends are retained h> cylindrical 
metal rings lined with insulation. Sinc e most high 
speed generators over 15.000 kva are now h\rlr<> 
gen-cooled, the insulated field lead- arc brought out 
to the collector ring* through an axial hole in the 
shaft, with the aid of gastight radial stud'-. Fan- or 
blowers are mounted on the rotor in mo*-t case- \ 
single-stage centrifugal blower I- shown at the out 
hoard end of Fig. 1, for cooling the entire urn! 

The stator of a large, high-speed, svnchn»in»ii- 
generator use* a steel yoke, which also sene- »»* 


«# A<Ar Mill AfwC aam ttninr unL. mIa. Mil a^(J 



Fig. 1. Conductor-cooled high-speed synchronous generator. (A Ili+Chalmars) 






enclosure f° r the ventilating medium. A cylin- 
! n, cal core l am ' nttte ^ electrical sheet steel is 
arked on dovetail bars within the yoke and 
\tly clamped to minimize magnetic noise. The 
dilated armature coils of large machines are usu- 
l of one turn, lap wound in rectangulur slots 
round the inner periphery of the core. Coil ends 
rc securely lashed to supporting brackets, and 
r ,th ends of each phase are brought out through 
ritiinal bushings. Hydrogen seals are mounted 
the end covers, and the entire stator is designed 
resist explosion pressures. See Arm ati rf.; 

/in DINGS (ELECTRIC. MACHINERY). 

Conductor -cooled generators. These are synchro- 
I)U » generators in which the cooling medium is 
tK ed through ducts within the major insulation 
alls as shown in Fig. 1. Conductor cooling al- 
a substantial increase in power over a similar 
arhine with conventional cooling, in which the 
conductor heat must first pass through the electri- 
cal insulation. The single blower on the shaft in 
Fig. 1 supplies hydrogen to all parts of the gen- 
erator. including the stator coils, core, and air pap. 
and the rotor coils. Even the connections and ter- 
mmal bushings are conductor-cooled through inter 
nal ducts. Liquid coolants are also sometimes used 
tor the stator conductors 

s speed synchronous generators. The field 
of these generators are usually the salicnt- 
julr tv pc. When driven by reciprocating engines. 
!h*v sometimes require flywheels to minimize the 
imitations transmitted to the power system. In hv- 
.Wlectric generators the rotors are sometime* re- 
quired to withstand high overspeed because nf the 
nmedelav in closing the gates. 

(Imerated voltage. The voltage generated per 
i.luse in a synchronous generator ran be derived 
bom Faradav's law. If it is assumed the flux dis- 
tribution over each pole is sinusoidal, a sinusoidal 
.“Itage is induced in each coil side. However, the 
toil \oltages must be added vectoriallv because of 
tbir time-phase displacement. The effective rms 
voltage per phase can he shown to be 

E « 2.22(a c)*„fk.ik t . X 10 ** 

'diero <!>,„ is peak flux per pole in maxwell*, a i* 
,o| al conductors per phase, / is frequency in <ps. 

1 number of parallel circuits, k t \ is distribution 
idrtor. k v i* pitch factor. 

If the flux distribution is not a perfect sine wave, 
anv irregularities appear as odd harmonic* in the 
inflated voltage. Although seldom harmful to 
th< i generator, harmonics sometimes interfere with 
^rphone communication. Perhaps the most trnu- 
Idesome harmonics result from pulsation in air- 
Ka P reluctance as the poles move across the slots 
feeih. These are known as slot harmonics. They 
<M ° UT m pairs at frequencies- -slots per pair of 
pubs ± \ tj meH ihc fundamental. Slot harmonics 
,an ta minimized by careful design of pole con* 
? ,r ’ factional-slot windings, and skewed stator 
^ Their interference effect can often he reduced 
,l ” cxt **nal resonant shunts or wave traps. 
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Characteristics. The characteristic curves of a 
synchronous generator are shown in Fig. 2. The 
open-circuit and short-circuit curves are readily 
found from tests at no-load. The full-load, rated 
power- factor curve is obtained by vector addition 
of the field currents for the air gap, armature reac- 
tion. and saturation. The curves show how field cur- 
rent varies with load and voltage, and indicate 
*ome of the constants. The Potier reactance drop, 
u*ed in determining saturation, is the height MH 
of the Potier triangle OH!). Unsaturated per unit 
synchronous reactance is OD/JK , and the short 
circuit ratio, whose reciprocal is often used in 
steady state stability studies, is JA/Ol). The volt- 
age regulation is given by FN/OJ for 85% power 
factor lagging load. 

Inductor alternator. A synchronous generator in 
which the field winding is fixed in magnetic posi- 
tion relative to the armature conductors is known 
as an inductor alternator. There are two types; the 
homnpolar. in which the dc field coil is concentric 



field amp 

Fig. 2. Choractoriitic curv*» of a ,ynchronou» 9« n 
•rotor. 
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with the shaft, and the heteropolar, in which the 
dc windings are distributed. In both types the ac 
windings are distributed, and generate their in* 
duced voltage from the pulsation in the flux caused 
by the change in position of the salient poles on 
the rotor. Inductor alternators are used for high* 
frequency power, and. in conjunction with static 
rectifiers, as a maintenance-free power source for 
ac excitation systems. 

Induction generators. These nonsynchronous 
ac generators are driven above synchronous speed 
by external sources of mechanical power. The con- 
struction of these machines is identical to that of 
induction motors. They can operate either as 
motors or generators, depending on whether the 
speed is below or above synchronous speed. In 
some frequency changer sets, induction generators 
may operate as a motor part of the time. Induction 
generators are not common in large sizes because 
of their poor power factor. They can deliver only 
leading currents. Moreover, they require a power 
supply from which to obtain their magnetizing cur- 
rent. This normally requires that the\ he operated 
in parallel with a synchronous source. Capacitor* 
may be used to minimize the current taken from 
the source. Under such conditions the frequency 
of the induction generator is determined by the fre- 
quency of the synchronous source and the output 
of the generator is determined bv the mechanical 
input to its shaft. Induction generators do not re- 
quire any dc excitation and their control can he 
■ ery simple. For this reason, induction generators 
are well suited to small, unattended hydroelectric 
units, where they are easily operated by remote 
control. See Induction motor. [l.t.r.] 

Bibliography : B. F. Bailey and J. S. Gault, Al- 
ternating Current Machinery , 1951; A. E. Fitzger- 
ald and C. Kingsley, Electric Machinery , 1952; 
A. E. Knowlton (ed.), Standard Handbook for Elec- 
trical Engineers , 9th ed., 1957; A. F. Puchstein, 
T. C. Lloyd, and A. G. Conrad. Alternating Current 
Machines . 3d ed.. 1954; L T. Rosenberg. Gas flow 
and heat transfer in conductor-cooled machines, 
Trans . AIEE. 76:1267 1270. 1958. 

Alternating-current motor 

An electric rotating machine which converts alter- 
nating-current (ac) electric energy to mechanical 
energy: one of two general classifications of elec- 
tric motor (see Direct-current motor). Because 
of the widespread availability of ac power, ac mo- 
tors are in common use. They are made in sizes 
from a small fraction of a horsepower to many 
thousands of horsepower (see Fig. 1). 

CLASSIFICATIONS OF AC MOTORS 

There are many types of ac motors, each having 
special characteristics or features. AC motors are 
generally classified by a special feature of their 
construction, by principle of operation or by char- 
acteristic operation. 

Induction motors. The most common ac motors 
are induction motors. The current in the rotor of 



Fig. 1. Typical ac motors showing wide range of 
sizes, (a) hp split-phase induction motor. <fc>: Small 
fractional-horsepower size (about 1 io«> hp). ( c ) Four 
37,500 hp induction motors in a wind tunnel of Lew-v 
Flight Propulsion Laboratory <NACA), Cleveland, Ohio 
(Genera/ Electric Co.) 


an induction motor i* induced as the rotor rnndin 
tor* cut line* of magnetic flux created In the *r,il<>r 
Three-phase induction motor* are simple. rcluM* 
motors with a fairlv constant speed characterMi* 
over the rated load limit*. Thev are self-startim: 
and are widely used in ind.istrv. Singlr-pha-c m 
duction motors require special mean* of *tartnii: 
hut are widely used in fractional horsepower ( hp » 
sizes, especially in homes. See Induction motor 
Synchronous motors. These run at a fixed speed 
in synchronism with the frequency of the power 
supply. Large synchronous motors used in indu-m 
employ dc fields on their rotors and threc-pha'* 
armature for stator) windings. Efficiency and 
power factor of these motors are good. The reluc- 
tance motor and the Permasyn motor, either -in- 
gle* or three-phase, come In fractional and lower 
integral hp sizes. The reluctance motor has l°w ef- 
ficiency and power factor. Shut is simple and in™' 
pensive. The Permasyn has permanent magnets em- 
bedded in the squirrel-rage rotor to provide * e 
equivalent of a dc field, anf is a high-grade motor 
The hysteresis motor is ujed only in small * 17 *' 
where its quiet operation 1 * is especially desire^ 
sucl: as in electric clocks and phonographs. * pe 
Synchronous motor. . , 

AC series motors. In these motors the field win - 
ing is connected in series with the armature win ^ 
ing through a commutator and brush arrangeme 


j n « dc series motor. The universal motor is a 
* i«« motor capable of operation on either <!<• or 
ef Series motorB have high starting torque. Speed 
Ije controlled by adjusting the applied voltage, 
are used in large sizes for electric railways. 

ee UNIVEttSAI. MOTOR. 

Repulsion motor*. These are also commutator 
otors. but no current is supplied through the coin- 
lutato'r to the armature winding. Instead, arma- 
ire .winding current is indticed from the stator 
Ending. The rotor of the repulsion motor differs 
Iron) that l ^ e single-phuse induction motor in 
windings are not all short-circuited. The re- 
„,lsion motor has high starting torque and its 
,., f pd can he controlled by changing the applied 
oltage. It» no-load speed is above synchronism but 
" not aii high as that of the ac series and universal 
notors. In normal operation the brushes are located 
,ff the neutral position. By shifting the brushes to 
position opposite the neutral position the rotation 
( the motor is reversed. Speed control under load 
an also be obtained by shifting the brushes Com- 
imations of the repulsion and induction motors of- 
ci further variations of characteristics. See Rk- 
1 1 .SIO.N MOTOR. 

The table gives a comparison of the available 
i/e* and eharaetenulit:** ot some of the common 
< motor*. 


tandard ranges of hp, speeds, and slips at 60 cycles* 


11 i»r 

h««cs 

Type of 
motor 

lip 

Synchronous 
Hpe<Ml, rpm 

Slip, % 

Illicit' 

rj»|n»eilor 

t to 

1800 1200 

0-3 


Split -phase 

0 n *> 

IHOO 1200 

0 3 


Shaded |H»le 

0 02:. 

1 800- 900 

II 1 4 


H ('pulsion- 





st nr! 

n 23 

1800 1200 

0 -3 

hr»T 

Induction 

0 100.000 

3000 tr»o 

0 3 

lim* 

S> nrhroiiCHiM 

20 30.000 

3000 80 

0 
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For general principle*, construction and opera- 
on Kl.M TRH ROTATING MAf.llINKRt I MoiOR. 
u.riRu:: Windings (hi.M.iHir maciiinkry 

l A.t.l’. i 


SPEED CONTROL OF AC MOTORS 

The speed of ae motors in difficult to control. 
The ti*ua! induction motor is essentially a constant- 
“pml motor. The synchronous motor operates at 
a fixfed synchronous speed. Only the commutator 
motors (repulsion, series, and universal! are easily 
controllable and these require complicated control 
drvires and sometimes result in low efficiencies. 
The most common ac motor used where speed is 
Controlled is the wound-rotor induction motor. 

Commutator motors. The speed of single-phase 
^mmiitator motors is controlled by either adjust- 
j n K the voltage of a variable transformer or insert- 
,n R a series resistance in the supply circuit. The 
^P^ed of the series motors is an inverse function 
the load. At higher speeds with a given voltage, 
the horsepower is relatively less. With the trans- 
” )r mer type of control, a higher voltage may be 
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applied to obtain higher horsepower at higher 
speeds. Series resistors do not provide this type of 
control and are also open to the objection that the 
power absorbed in the resistance is usually wasted. 
Another method of voltage control is possible 
where more than one motor is used, as in traction 
service. In this method the motors are connected 
in series for starting, and changed to a parallel 
connection when they approach a prescribed speed. 

Brush-shifting motors. By use of a regulating 
winding, a commutator, and a brush-shifting de- 
vice, a polyphase induction motor may be con- 
structed to permit speed control similar to that of 
a d<* shunt motor. Such motors are used for knit- 
ting and spinning machines, paper mills, and var- 
ious other industrial services. They are polyphase 
motors. The primary winding on the rotor is sup- 
plied from the line through slip rings. The stator 
windings are the secondary windings (Si, S2, .S3), 
and the third winding, also in the rotor, is an ad- 
justing winding provided with a commutator (Fig. 
2 1 . Voltages collected from the commutator are 
fed into the secondary circuit. Brushes 1. 2. and 3 
are mounted 120 electrical degrees apart on a mov- 
able yoke. Brushes 4. 5. and 6 are similarly 
mounted on a separate movable yoke. Each of the 
two setv «f brushes can be moved as a group. 
Therefore, both the spacing between brushes and 
the angular position of the brushes are adjustable. 
The brush spacing determines the magnitude of 
the voltage applied to the secondary. When the 
hr u -lies are so adjusted that they are in contact 
with the same commutator segment, the secondary 
j*. short-circuited and no voltage is supplied. Under 
these conditions the motor behaves as an ordi* 
nar\ induction motor. The speed can be reduced 
hi separating the brushes so there is a secondary 
current producing 1 negative torque. The machine 
can he operated ai“»ve synchronism bv interchang- 
ing the position of the brushes, so the voltage col- 



2. Schematic diagram of odiu*table-»peed brush- 
ting motor. (From A. E. Fitigerold and C Kingsley, 
Electric Machinery, McGraw-Hill, 1952) 
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FIB- 3. (o) Constant-horsepower drive; regulating 

machine, coupled to main motor, returns power me- 
chanically. (b) Constant-torque drive; regulating ma- 
chine, mechanically separate from main motor, returns 
slip power electrically, (from A. E. Know/ton, ed.. 
Standard Handbook for Electrical Engineers , McGraw- 
Hill, 1957) 



Fig. 4. Schematic diagram of principal connections 
for Scherbius drive below synchronous speeds at cgn- 
stant horsepower; regulating machine mechanically 
coupled to main motor*, a, main motor; b, regulating 
machine; c, field-control transformer. (From A. E. 
Knowlton, ed.. Standard Handbook for Electrical Engi- 
neers, McGraw-Hill, 1957) 

lected is in a direction to produce a positive 
torque. The motor can he reversed by reversing two 
of the leads supplying the primary. 

Induction motors* In some service, such as roll- 
ing mill drive with three-phase power, full utiliza- 
tion of input power and flexible speed control 
above and below synchronous speed are required. 
Drives of this nature can be attained by special 
devices used to control the speed of large, wound- 
rotor motors. These drives may be divided into two 
classes: constant horsepower and constant torque 
(Fig. 3). In the first scheme the slip energy is con- 
verted into mechanical power and returned to the 
main motor shaft. In the second scheme the slip 
energy is converted into electric energy and fed 
back into the supply circuit. Two common systems 
are (1) the .Scherbius and (2) the Kramer. 

Scherbius system . A common device for adjust- 
able speeds in induction motor drives, this system 
may be adapted to either constant horsepower or 
constant torque. In the former scheme (Fig. 4) the 


regulating machine b is directly connected to 
main motor a and converts the slip energy i n|h 
mechanical energy. The field winding is connertfj 
through transformer c to the slip rings of the m dl[1 
motor. The voltage generated in machine h | JlJr ^ 
the secondary voltage in the main motor and 
tends to slow it down. By changing taps on tran*. 
former c the value of the generated voltage will \ w 
adjusted, and, once adjusted, is practically constant 
regardless of the load. The regulating machine /, 
perforins as a shunt-wound dc motor and conien. 
the slip energy into mechanical energy ( > n ij, (1 
shaft. For rated input to the induction motor, nor- 
rual torque is produced. This motor torque. add»-r| 




Fig. 5. Diagram of principal connections for Scherbius 
drive below synchronous speed, at constant torque 
regulating machine separated mechanically from ma.n 
motor*, a, main motor; b, regulating machine; c, fieid 
control transformer; d, squirrel-cage motor 'or gener 
ator>. iFrom A. E. Knowlton, ed. t Standard Handbook 
for Electrical Engineers , McGraw-Hill , 1957) 



Fig. 6. Diagram of principal connections for Schsr ,u 
driv* for speeds below, above# and at synchronism 
a, main motor; b, regulating machine; c, fleld-contro 
transformer; d, squirrel-cage motor 
frequency converter; f, step-down 
(From A. E. Knowlton, ed.. Standard 
trical Engineers, McGraw-Hill, 1957) 


(or genera^'" 
traiHformw fo ' * 
Handbook lor 
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Fig. 7- Diagram of connections for Kramer driver 
a, main motor; b, dc motor on main shaft; c, rotary 
converter; d, field rheostats for b ond c. (From A. E. 
Knowlton, ed., Standard Handbook for Electrical Engi- 
neers, McGraw-Hill , 1957) 


lo that of machine Ik provides a torque to the load 
>inh that the shaft output is essentially equal to 
thr motor input (losses neglected). The drive is. 
therefore, constant horsepower. 

In the ron.staiiMorqu» S-herhiiis control the slip 
*. n < i rgv is brought from the slip rings of the main 
motor n to a regulating machine b, driven In a mo- 
tur < / connected to the same source as the main mo- 
tor tFig. . r > I. This provides a feedback s\*tnn. and 
it operates lielow synchronous speed at all times. 

In order to obtain speed control alm\e and below 
-vnchronoiis speed and to pass through synchro- 
nous speed (Fig. 0). a small exciter or frequency 
(Miiverlei e is mounted on the main shaft. This pro- 
vides an added source of excitation to machine h. 
When the speed of the main motor passes through 
"Wn lironism. the frequency of excitation is zero; 
that k direct current flows through the rotor of the 
main motor. There is no reactance in the circuit 
and the exciter lakes care a* onlv the ohmic drop 
hi the windings, and so is known as an ohmic drop 
-v iter. 


Knimer system. The Kramer system is one in 
"huh the slip energy of the main induction motor 
i' transformed through a rotary converter into di- 
r «*«t current (see Conv erter. svni lmoNOt sl. This 
Miwer i* either returned to the main shaft (in a 
‘ mutant- horsepower machine) or further con- 
into ac power and returned to the supply 
' lnf> 1 *n a constant-torque scheme). The basic dif- 
ference between the Kramer and the Scberbius sys- 
^ lhat the Scherhius system employs a regu- 
ating machine to convert the slip energy, and the 
r «mer system accomplishes this bv means of a 
n 'tar\ converter. Speed is regulated by strengthen* 
ln P the field of the dc motor, bucking the secondary 
Ti | ,a ?r s .. nf ma * n motor slowing it down. 
r ^ r ®*oer system of Fig. 7 does not provide 
^ torque characteristics at or near synchronous 

Both the. Kramer and Scberbius systems have 
Pfl aaa Ph*d for frequencies of 25 cycles and 60 
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cycles. They have been used in frequency changer 
operations lo permit transfer of power between two 
separate power systems on a variable-ratio basis, 
giving a flexible tie with completely controlled in- 
terchange of power regardless of frequency fluctua- 
tions in either system. [s.W.] 

^ Bibliography : A. G. Conrad, F. Zweig, J. G. 
Clarke, Theory of the brush-shifting ac motor, 
Trans. A IKE, 60:829-836. 1941; A. C. Dickey. 
C. M. l.affoon. L. A. Kilgore. Variahle-speed drive 
for I\S. Army Air Corps wind tunnel at Wright 
Held. Dayton. Ohio, Trans. AIEE, 61:126 130, 
J942; A. E. Knowlton (ed. ), Standard Handbook 
)or Electrical Engineers , 9th ed., 1957. 

Alternator 

A machine that generates an alternating voltage 
when it* rotating portion is driven by a motor, en- 
gine. or other means. It is thus a means for con- 
verting mechanical power into electric power. The 
frequency of the generated alternating voltage is 
exactly proportional to the speed at which the al- 
ternator is driven. An alternator generates one cy- 
cle of alternating current each time one of its coils 
parses a pair of magnetic* poles in the field struc- 
ture. See ALTERNATING-CURRENT GENERATOR. 

[ J.MR.] 

Altimeter, pressure 

\n instrument used in aircraft to measure altitude 
above a procure reference level and to fly at desig- 
nated altitudes on airways. It measures absolute 
pressure, but its dial is uniformly calibrated in feet 
(c»r meters) in accord with the altitude-pressure 
relation of the international or national standard 
atmosphere. In the common sensitive altimeter 
there are three p inters, the most sensitive of which 
makes one revolution per 1000 ft (or meters). See 

Air pressure. 



Mechanism of pressure altimeter. 



m AtHmmfr, media 

The pressure-sensitive element consists of one or 
more evacuated corrugated diaphragm capsules. Bi- 
metal is used in the mechanism to compensate for 
the effect on the reading of variations in altimeter 
temperature . Because atmospheric pressure and 
land elevations vary , means are provided to adjust 
the reading to give altitude above any earth-based 
reference level. The instrument case is airtight ex- 
cept for a nipple connecting to a source of static 
pressure. As altitude changes, the change in pres- 
sure causes a movement of the diaphragm, which 
drives the mechanism and positions the indicator 
pointer. 

In overland flight and in landing, airports radio a 
reference pressure which is the ambient, sea-level 
pressure in the standard atmosphere. This is known 
as the altimeter setting. When the altimeter read- 
ing is adjusted to this reference pressure, the ele- 
vation above sea level of the airport will be indi- 
cated upon landing. In flight over oceans the refer- 
ence setting is 29.92 in. of mercury- which is the 
pressure at zero altitude in the standard atmos- 
phere. 

When navigation computers are installed on air- 
craft, pressure altitude is one of the quantities 
obtained, making the altimeter as above described 
unneeded, except as its greater reliability con- 
tributes to safety. To obtain pressure altitude in 
the computer system, the deflection of evacuated 
diaphragm capsules with changing imposed pres- 
sure is transmitted mechanically, with or without 
amplification, to the movable element of an electri- 
cal pickup, which deflects accordingly. By means of 
a system of amplifiers and cams, this motion is 
converted to rotation of a rotor of a synchro, pro- 
portional to pressure altitude. Synchro repeater^ 
permit display of pressure altitude where desired 
on the aircraft. Adjustments on the* master synchro 
permit making the sea-level setting. [ w.c.b.] 

Altimeter, radio 

A low-power radar which measures the distance of 
an aircraft (or other airborne vehicle) above the 
ground. In this way it is different from a pres- 
sure altimeter, which measures distance above sea 
level. 

Radio altimeters are often used in aircraft dur- 
ing bad-weather landings. They are an essential 
part of many blind-landing and automatic naviga- 
tion systems and are used over mountains to indi- 
cate terrain clearance. Special types are used in 
surveying for quick determination of profiles. Ra- 
dio altimeters are used in bombs, missiles, and 
shells as proximity fuses to cause functioning at 
predetermined altitudes. 

Principle of operation. Like other radar devices, 
the altimeter measures distance by determining the 
time required for a radio wave to travel to and 
from a target, in this case the ground. If the 
ground were a perfectly flat horizontal plane, spec- 
ular (mirror-type) reflection would occur and the 
distance measured would be exactly the altitude. 
Actually, the ground is not smooth, and energy is 
scattered back to the radar from all parts of the 




ground illuminated by the tran«nitt« i- 
thowt a typical distribution of retailed 
a function of distance from the radar. ‘ 
dar to measure distance to the ground a .Jum !' 
it must distinguish between the energy f ro m D * * 
near the vertical and that from more distant pjjjjj* 
Ordinarily the antenna for an altimeter vantio 
be directive, for it must be able to function Tc 
gardless of the aircraft attitude. Thus the antenn- 
cannot be used to discriminate against off-vertica| 
signals. The wide beamwidth means the antenna 
gain is small, so the power required is 
greater than for a comparable directive radar work 
ing against a large, close target. 


I 

i 

I 



diitonco from radio olfimetor 




timo from •tori of frontmitlod pul** 

*«> 



Fig. 1. Radio altimeter principle, (o) Ideal "turn 
power distribution, (b) Typical' return power distribu- 
tion. (c) Pulse shapes In wide-beam, narrow-pulta altim- 
eter. (d) Typical PM altimeter dlfferencs-fr«9 u#ncy 
spectrum. Spacing between lines is sweep '•P #tition 
frequency. Envelope Is P r (f d ) In Eq. (3). 



Most radio altimeters use either pulae or fre- 
nC y modulation, the former being more popular 
UC high altitudes, and the latter for low altitudes. 
,r pulw altlm«tor». The radio-frequency carrier in 
iodulated with short pulaea ( <0.25 microseconds) . 
he short pulse permits the time delay to be 
jeasured, even at low altitudes, between leading 
jge of the transmitted pulse and that of the pulse 
turned from the ground. The simplest pulse al- 
meter displays the received signal on a cathode- 
iJV tube with circular sweep, allowing the pilot to 
make his own determination of the leading edge 
position for the echo signal. Such systems may he 
accurate to better than 50 ft when used correctly, 
but the displays are difficult to use. Automatic 
pulse altimeters use a gate, which is kept close to 
the leading edge of the return by a servosystem 
that adjusts the gate delay so that the signal in the 
cate is maximized (see Fig. Ir). The time delay 
between transmitted pulse and gate position is in- 
dicated to the pilot as a range dial reading. 

The mean return power for a pulse altimeter is 
given by 


PM 


A’ r P,(t - 2r/V)CVo dA 

r 4 

A*/\(f - 2h/c)G*K* 
+ (8xM* 


H) 


where /\ is the received mean power envelope, t is 
delav from start of transmitted pulse. A is wave- 
length. P x is transmitted power envelope. dA is an 
ar^a element on the ground, r is distance from ra- 
dar to dA 1, r is velocity of light. G is antenna gain 
m direction of dA % oy> is radar cross section per 
unit area of the ground at dA for radiation from 
direction of the radar, h is altitude, and K is Fres- 
nel reflection coefficient. The integral is carried out 
over the entire illuminated ground area. The first 
lerm is the scattered power, and the second is re- 
flated power. Only for reflections from smooth wa- 
t«*r does the latter predominate at frequencies 
above 400 megacycles. Usually the maximum of P , 
varies as 1/A 2 to 1/A\ 

^Hile this expression gives average return 
power, interference between returns from different 
S catterers causes fading, so the pulses must he av- 
eraged over a considerable time to get a good in- 
flation. 

FM altimeters. A continuous carrier is swept in 
requency in some manner, usually to give a tri- 



9 Typteol automatic pulse altimeter. 
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differ«Ke1n S frc ,,0ldal [ re ' ,u,inry ‘ ,ime curve. The 
the ground (but IT 1 * that received fr ®“ 

ing ‘ m ’ t,ed earUer) and ** ^ 


df r 


( 2 ) 


^ C /J arrier fre< l uen, y- S»me FM radars 

calibrated ‘ ^ "** e,er,ri>nic frequency meters 

, , : d ran «<* " indicators. Because the re- 

an .nTT fr, ‘ m T an> ran * CR beside * the altitude. 

e ffer • ti v e" ran ee * r8dar °' ™ d “ 

Hit, . g frequency more than 10% high. 

the • ' t>eS IIS j a re,ative| > narrow filter and keep 
.ue„ m T mUm di f erencc frequency (altitude fre 
quency) centered in this filter by a servo which 

,nd , S J le SWeeP rate dfr/dt - The »weep rate is 
ndicated. as range, on a meter or as a signal to 
a navigation device. 



Fig. 3. Typical servo-type FM altimeter. 


Corresponding to b if. ( 1 ) is the spectrum 


Pr(f d ) df H 


c\ 2 (df d ) 

2(4ir)* 


j* PtG 2 <Jo d4> 
j ~r*(dfM 


(3) 


where P r ( f d ) dfa is the power between /* and 
/.i -f dfj, and <f> is the angle on the ground from 
the line of motion. The effective frequency ob- 
tained by counting 7ero crossings of such a sig- 
nal is 


f } JfdPrifd) dfd 
JPAfd) dfd 


(4) 


Because of the difficulty of generating sufficiently 
short pulses, FM radars are ordinarily used where 
altitudes below 100 ft must be measured. See Ter- 
rain-clearance indicator. 

Other radio devices may also be used as altime- 
ters. The proximity fuse is a crude device for meas- 
uring altitude by signal strength alone. Various 
correlation devices have been proposed, some of 
which employ noise modulation of either ampli- 
tude or frequency. [r.k.m.] 

Bibliography : R. K. Moore and C. S. Williams, 
Jr., Radar terrain return at near-vertical incidence, 
Proc. IRE , 45:228, 1957; P. C. Sandretto, Elec- 
tronic Avigation Engineering , 1958. 
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Alum 

Primarily aluminum sulfate produced by treating 
bauxite with sulfuric acid (when it is called alum 
cake) or caustic soda ( papermaker's alum). Other 
common industrial alums are potash alum, in Eu- 
rope made from the Italian mineral leucite; am- 
monium alum; sodium alum; and chrome alum 
(potassium chromium sulfate). Major uses of alum 
are as astringents, styptics, and emetics; as water 
and sewage purifiers and clarifiers; as paper siz- 
ing; as fabric-waterproofing agents and fire retard- 
ants, and in dyeing processes; as leather-tanning 
agents; as constituents, along with sodium bicar- 
bonate, of baking powders; and in some types of 
fire extinguisher. Alunite. a hydrous potassium alu- 
minum sulfate, occurs naturally in parts of the 
western United States, but is not widely exploited 
commercially. See Aluminum. [g.co.] 

Aluminate 

A negative ion usually given the formula AIO 2 ' and 
derived from aluminum hydroxide. Aluminum hy- 
droxide is an amphoteric substance and thus can 
react with a strong base, such as sodium hydroxide, 
to form sodium aluminate as well as reacting in the 
more usual manner with acids to form aluminum 
salts. 

A1(0H) 3 + NaOH^± NaA10 2 + 2H 2 0 

Solutions of aluminates are strongly basic and 
‘he above reaction is easily reversed even by weak 
acids to form the insoluble aluminum hydroxide. 
This is the basis for the commercial use of sodium 
aluminate in the clarification of water. See Alumi- 
num; Amphoterism; Water treatment. 

[e.e.wr.] 

Aluminum 

A chemical element, Al, atomic number 13, and 
atomic weight 26.98. Aluminum is a low-density 
metal that exhibits high reflectance. Its ability to 
form a protective oxide surface coating that re- 
sists corrosion increases the metal’s usefulness. 



The distribution of aluminum among the con- 
suming industries varies from country to country. 
Its architectural uses and its use in the construc- 
tion of vehicles for transportation have become 
of major importance; its use in the electrical in- 


dustry is growing rapidly. It has a long and fiUc 
cessful history of use in the manufacture of cook 
ing utensils, and is being employed increasingly j r 
the packaging of all kinds of foodstuffs. Work 
production exceeded 3,800,000 tons in 1958, 0 
which about 2,180,000 tons was produced in th< 
Western Hemisphere. With inexhaustible ore sup 
plies and continued development of the supply 0 | 
cheap electric power, a continuously increasing 
market for the metal is expected. 

Occurrence. Aluminum is the most abundam 
metal in the earth's crust, of which it makes up 
7%. It is twice as abundant as iron. All igneou- 
rocks contain silicates of aluminum, and when the\ 
break down under the influence of time and water 
(weathering), the aluminum usually remains in- 
soluble in the form of clay, an impure aluminum 
silicate. The completeness with which the iron, 
sodium, potassium, and calcium in the rock art- 
leached out depends on the conditions. Very com- 
plete leaching and elutriation (mechanical separa 
tion by washing) may result in deposits of quit*- 
pure white day (kaolin). In acid rocks such 
granite, the quartz remains unattacked and sepa 
rates as sand during the elutriation process. In 
basic rocks, such as nepheline syenite, when’ 
there is no free crystalline silica ( quartz I, thr 
process may, under some conditions, also remove 
most of the silica, leaving the alumina as an ini 
pure hydroxide mineral called bauxite. 

In addition to more or less silica and iron oxide* 
bauxite always contains a small percentage of n 
tanium oxide, and usually traces of other insolubk 
oxides such as those of zircoqjjim. gallium, or rhro 
mium, which were present in the original ba^n 
rock. The aluminum oxide (alumina) content 
the residual mineral may he about 4O60 r J. and 
the combined water content varies from about 1 : > 
to over 30 % . Sometimes a small part of the aln 
mina in the original rock had crystallized out a- 
the oxide (corundum), which remains in the hauv 
ite if it is not attacked in the weathering proce- 

Most of the alumina in the bauxite is hydrated 
There may be either three molecules of water per 
molecule of alumina, A1 2 0 3 # 3H 2 0 or AI(OH);. ,,r 
one molecule, Al 2 O.vH-. 2 O or AIOOH, forming, re- 
spectively, trihydrate or monohydrate bauxite. Eu 
ropean bauxites are chiefly monohydrate, and th*** 
in the Western Hemisphere and in the East Indie** 
are mostly trihydrates. See Bauxite. 

Production of aluminum metal. This involve* 
two steps: extraction and purification of the nv 
drated oxide and dehydration and electrolysis 0 
the oxide after it has been dissolved in fused cryo 
lite. This process is commercially dominant, but a 
shorter method — direct electrotherm ic reduction « 
the oxide to metal — is under research. 

Alumina extraction . Alumina, AI 2 O 3 , 19 c * 
traded from bauxite by digesting it at 
temperature and pressure vflth a strong solution <> 
caustic soda (Bayer process). The alumina w 
monohydrate bauxite is more difficult to d ,8 ^\ 
than that in the trihydrate; much stronger caus 




Fig. I. Bauxite processing. ( Aluminum Company of Americui 


higher temperature and pre^ure. and longer di- 
p^tiun film's ari* required. In the presence of the 
<lmnp have, the alumina arts as an arid to form 
sodium alurninate in solution. The impurities re- 
main insoluhle as “red mud.'' and are separated 
fnrni ihe solution h> decantation and filtration. 
The solution formed at the high digestion tempera- 
ture is supersaturated at lower temperatures. Upon 
inundation with hydrate crystals of Alt OH i . from 
a previous operation, and agitation, most of the 
‘tlurnina gradually crvstalli/es out and is separated 
from the raustie licpjor hv filtration. After wash- 
it is raleined to the oxide, and the liquor and 
Kaw h water, after ronrentration. are used for an- 
ther digestion. 

The raleined alumina is very pure. Aside from 
IT-0.6% soda, it contains less than 0.1 r { iron ox* 

1 e ^ ,,s R *l* ca * and only traces of titanium oxide. 
*^tne of the precipitated hydrate is sold for use in 
l . e r | ,ern *cal industry; some is dehydrated bv cal- 
cination at a moderate temperature to form acti- 
vated alumina. Most of jhe calcined oxide is used 

0 rna ^ ce the metal; a minor amount goes into the 
Manufacture of abrasives and refractories (iee 

1 br asivf.; Kf.kractory ). The low calcining tern* 

parature (about 500°C) used in making activated 
*. ,,mina leaves the oxide in a very porous rondi- 
1300°^ lcm Perature (about 1100- 

used for the commercial oxide, the ma- 


terial shrinks, and the porosity largely disappears. 
The very large and active surface of the activated 
oxide permits it to adsorb rapidly a considerable 
amount of writ' i vapor and to dry air or other gases 
very completely . 

\ large variety of processes have been patented 
and studied for extracting alumina from clay, 
bauxite, or other aluminous material, with cheap 
acids; but under most circumstances, acid proc- 
esses are too expensive to compete with the Bayer 
process in producing alumina of the purity re- 
quired commercially for aluminum production. 

Clay is very abundant, hut usually low-grade 
(10-20*? AI 2 (M. When richer in alumina (30* 
40 r ? I, it is usually too valuable for other purposes 
(ceramic, refractory, or paper filling) to permit its 
isc as a metal ore. Much of the bauxite available 
in the world is low-grade; in particular, it may he 
very high in iron oxide or high in silica. Silica, if 
present as clay, causes expensive losses of both 
alumina and soda in the Bayer process, and the 
lower alumina content of high-iron bauxite in- 
creases its mining and freight costs per pound of 
AlaO*. Freight is important because of the great 
distances over which bauxite must often be moved 
to the refining plants. 

Commercially, this problem has been solved by a 
lime-soda sintering process, followed by leaching 
out the water-soluble sodium alurninate and precip- 
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Fig. 2. Alumina processing. (Aluminum Company of America) 


itating the alumina. Alternatively, high-iron baux- 
ite may be smelted with limestone to form calcium 
aluminate slag and cast iron. The slag is leached 
with sodium carbonate to form sodium aluminate. 
The lime-soda process is said to be used to treat 
local nepheline syenite in two plants in Russia. 
Combined with the Bayer-process digestion of 
high-silica bauxite, it is used in two plants in Ar- 
kansas. The limestone-smelting process is used in 
Norway, and is reported to have been used in Rus- 
sia during World War II. 

Extraction of aluminum. All the common metals 
except aluminum and magnesium have been known 
and used for hundreds of years. Modern chemical 
and electrical developments were necessary in or- 
der to make possible the production of aluminum 
and magnesium, as well as that of other less com- 
mon metals. Thus, aluminum was first produced by 
Hana C Oersted in 1825 by the reaction of potas- 
sium amalgam with anhydrous AIC1*. In 1886, 
Charles Martin Hall, in America, and Paul L.-T. 
Heroult, in France, independently invented the 
modern process of electrolyzing Al 2 0n dissolved in 
molten cryolite. The development of the dynamo, 
replacing the battery as a source of electricity, 


made possible the economical, large-scale prodm 
tion of the metal. Continued research and develop 
nnent have brought it, in 70 years, to a command- 
ing position, second only to iron among the metal* 
of the world. 

In spite of the claims of many patentees, the 
electrolysis of aqueous solutions of aluminum "alt*- 
never yields the metal, but instead, it yields the 
hydroxide. Hall and Heroult correctly reasoned 
that an anhydrous solvent was required, and found 
it in molten cryolite f NanAlfo). This casilv dis- 
solves over lO'/J' alumina, ajhd yields the metal 
upon electrolysis, with high cfarrent efficiency. The 
mineral cryolite occurs in commercial quantities 
in only one location, in Greenland. Much of the 
cryolite required is now mbde synthetically in 
chemical plants. See Cryolite; 

Molten cryolite is a powerful solvent for all 
kinds of minerals and refractories, very few of 
which resist its action. Carbon is one of the m oSt 
resistant and adaptable; consequently, the elec- 
trolytic cells for the production of aluminum ® rf 
lined with carbon. Steel bars embedded in the bot- 
tom lining conduct the current into a layer 0 
molten aluminum, which acta as cathode ( negative 
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Fig 3 Production of aluminum metal, f Aluminum Company of America ) 


Pol**' and lies on the bottom lining of the cell. The 
oil itsrlf i* made of heavy steel plate in the form 
<»t a shallow box with no top, supported on an in- 
elating floor. The molten bath of ervolite. con- 
taining 28 Al-jOa and about 10 f 7 calcium fluo- 
rnlr to lower the melting point, floats on the laver 
molten aluminum. The anode or anodes are 
made of carhon and are hung from above, ron- 
"fitrd as the positive pole of the cell, with the 
ends extending in the hath to within about 
- in. of the molten metal surface. The electrical re- 
'Maner of the bath develops heat as the current 
P‘«w;s through it. The rate of heat development. 
*ifh a gi\cn current, depends on the length of the 
( nrrt»nt path in the hath, that is. the anode-cathode 
Mrtanre. This is adjusted to maintain the desired 
temperature, usually about 960-980°C ( 1760 
' A crust of frozen bath. 1-2 in. thick, 
t ! >nnH on the top surface and is then covered with 
<’harg Um * na to ^ adde4 as the next 

lhp Th ;, of the direct current decomposes 

and iu u meta ® deposited on the cathode 
r 6 ? Xy * cn on the anode, which is gradually 
iL ^ current of 1000 amp should de- 
5 * 7397 ,b of per hour at 100-?- cur- 

e ciency. For various reasons, the l>est com- 


mercial current t flb iency is only about 90%. The 
theoretical voltage inquired for the chemical work 
of decomposing the alumina with a carbon anode 
is a little less than 2 volts: the actual voltage at 
the cell terminals is 4. 5 7 volts, depending on the 
size and condition of the cell. The difference rep- 
resent* the pressure ( voltage) required to force 
the current through the cell, and the corresponding 
power (voltage X' ^mperagel is converted into 
heat in the cell. The amount of power required to 
maintain the temperature is a smaller proportion 
of the total power input in large cells than in small 
ones, because of the lower ratio of total surface 
(tr *»ugh which heat i* lost I to volume. Conse- 
quently. the power consumed per pound of metal 
is somewhat less in large cells than in smaller ones. 
The figure of 8 10 kwhr per pound, usually given, 
includes hus-bar. transformer, and rectifier losses, 
light, and miscellaneous power used in the plant. 

There may be 100 150 cells connected in series 
to form a "potline." supplied with current at 600- 
900 volts because it is much more economical to 
produce direct current at such a voltage rather 
than at the low voltage of an individual cell. The 
current in a line depends on the size of the “pots” 
or cells. From about 30,000 amp in the smallest 
(old) commercial cells, it may rise to over 100,000 
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amp in the largest (new) ones. Most potlines are 
operated at 50,000-70,000 amp. 

Originally, the current was led out of the cell to 
the anode bus bar by a considerable number of car- 
bon block anodes, hung in parallel on vertical con- 
ducting copper or aluminum bars or rods. Because 
all the impurities in the electrodes dissolve in the 
bath as the electrodes are consumed, very pure car- 
bon (calcined petroleum coke or pitch coke) is 
used as raw material. The ground coke is mixed 
hot with enough coal-tar pitch to bond it into a 
solid block when it is pressed in a mold to form the 
“green” electrode. This is then baked slowly at 
temperatures rising to a maximum of 1100-1300°C 
(2012-2372°F), and cooled slowly, all out of con- 
tact with the air. In a cavity, molded in the top of 
each block, a steel stub is embedded by casting 
molten iron around it; the conducting bar is 
bolted to this stub. 

This is called a prebaked electrode to distin- 
guish it from the Soderberg electrode in which the 
electrode (one large one per pot) is formed in 
place and is baked by heat from the pot, as it grad- 
ually descends into the pot. The paste charged into 
the top of the Soderberg electrode is a carbon- 
pitch mixture similar to that used for a prebaked 
electrode, but with a somewhat larger proportion 
of pitch. Both prehaked and Soderberg electrodes 
are used commercially, generally only one kind in 
a given plant. 

In the operation of a pot, the alumina in the 
bath is gradually consumed; when it has dropped 
to about 2%. the anode effect occurs and notifies 
the operator to add more alumina. The anode effect 
causes the voltage on the pot to rise suddenly to 
30 volts or more, causing an electric light con- 
nected across the pot terminals to glow brightly. 
The light is killed and voltage brought back to 
normal by the operator, who breaks the crust of 


the frozen bath with an iron bar and stirs in the ho 
AI 2 O 3 lying on the crust. The anode effect is ruus,. 
by a continuous thin film of gas (mostly carbo 
monoxide, CO) which forms and covers the who], 
surface of the anodes where they touch the bath 
so that all of the current must pass through thi 
film as a multitude of tiny sparks. After the ljgh 
is killed, the crust soon re-forms, and the 
charge of AI2O3 is spread over it, to he prcheata 
and at the same time to act as thermal insulation 

During regular operation, the gas formed pr j 
marily at the anode is carbon dioxide (C0 2 ). 1 
part of this gas reacts with a metal fog of finelv <jj 
vided metallic sodium or aluminum in the bath, 
oxidize this metal and reduce the gas to CO. Thi 
metal loss is the principal reason for the discrep 
ancy between the actual current efficiency am 
100% ; it increases rapidly with increasing bail 
temperature; thus it is important to keep the latte 
as low as is feasible. At intervals (every da\ 0 
two), part of the molten aluminum is drawn 0 
tapped out of each pot, using special devices whir) 
may remove several hundred pounds per minute 
The crust must then be broken in and the anode 
readjusted, because of the change (several inches 
in the metal and bath levels. The molten metal 1 
charged into holding or alloying furnaces, or ra* 
into pigs, as may be required. See Ei.ec.trom ft u 
LURGY. 

Fabrication methods. The metal or snitabl 

alloy may be cast into ingots for rolling into ha^ 
rods, sheet, or foil, drawing into wire, forging, d 
extrusion into long shapes of special cross section 
Extruded tube “blooms” may be drawn down t* 
tubes of the desired diameter and wall thickne-* 
pipe can also be made from sheet by forming i 
around a mandrel and welding the longitudina 
seam. Collapsible tube*, for toothpaste, arc madi 
by impact extrusion of small disks. Most structure 


cryolite ond 



kol Corp. (From Ind. Eng. Chnm., 47(10):2067, 1955 ) 
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Fig 5. Fabrication operations. (Aluminum Company of America) 


ind architectural shapes are formed by extrusion: 
•ome of the larger ones are rolled like the corre- 
sponding shapes in steel. Such wrought aluminum 
illov parts may have strengths of more than 80.- 
)00 psi. with adequate ductility, and are widely 
ised in building planes, buses, trucks, and other 
structures. The metal can also he converted to pow- 
der, suitable for use in powder metallurgy. Alumi- 
num and its alloys are easily machined to produce 
standard fasteners and screw-machine parts. 

Aluminum has a high reflec tance for light and 
heat, and a low thermal emissivity. An aluminum 
film, deposited bv sublimation in vacuum, may have 
a reflectance of 90% ; and bright-etched aluminum 
dieet about 86'# . for ordinary white light. Electro- 
nically polished or bright-etched reflectors of 
pure aluminum have found extensive application 
in the lighting industry. The use of aluminum sheet 
nr foil for thermal insulation depends on the high 
thermal reflectivity and low emissivity (about S'# ) 
of the metal. 

Several other applications of aluminum depend 
on the properties of the oxide coating which 19 
formed readily. A perfectly clean surface of alu- 
minum t 9 very active chemically and covers itself 
in the air in a few seconds with a very thin protec- 
tive coating of oxide. This oxide is insoluble in 
Waler and is attacked only slowly by the weak acids 
presem in air and water, by common salt solutions, 
or by the liquids formed in cooking foods. Stronger 
ac ids and alkalies may dissolve it and corrode the 
"? etal - The thickness, and consequently the protec- 
. 1Vc power of the oxide coatings, may be increased 
y *n electrolytic process, in which the aluminum 
article is made anode in a weak solution of sul- 
aric » chromic, oxalic, boric, or phosphoric acid. 
I e P r °tcctivc and insulating power of such coat- 
js the basis of the use of aluminum in the 
1 ,on, °f electrolytic condensers used in the elec- 


trical industry. By suitably controlling the condi- 
tions of formation, the oxide coating may be made 
so hard that it resists a file, or soft enough so that 
the coated sheet may be formed into cuplike arti- 
cles by a drawing operation. Under certain condi- 
tions. the coating produced has the power of 
adsorbing various dyestuffs, or receiving and oc- 
cluding mineral pigments, such as iron oxide, lead 
sulfide, and prussian blue. Such colored aluminum 
has been used extensively for ornamental and 
architectural purposes. If the aluminum contains 
several per ten: of silicon, this element is unaf- 
fected by the anodic oxidation process, and its 
particles remain in the oxide coating, giving it a 
very permanent dark gray to brownish- black color. 
See Mktai. forming. 

Alloys. The principal elements used in making 
aluminum-hase alloys are copper, zinc, silicon, 
magnesium, manganese, and nickel. Minor 
amounts of chromium, lead, bismuth, titanium, 
zirconium, and vanadium are sometimes added for 
special purposes. Iron is always present as an im- 
purity in commercial aluminum and its alloys, and 
has some effect on their properties. In some cases, 
if may be considered be an alloying ingredient, 
added for particular purposes in amounts of 1 % or 
more. In other cases, the amount of iron present 
must be definitely limited in order to produce the 
desired physical properties. This is especially the 
case with some heat-treatable alloys and anodized 
products requiring a bright finish. 

In the molten aluminum alloy, the alloying ele- 
ments are present mostly in solution; as the alloy 
begins to freeze, separation begins. The resulting 
solid mass consists chiefly of grains of an alumi- 
num-rich constituent containing small amounts of 
the alloying ingredients (especially copper, mag- 
nesium, zinc, and a little silicon) in solid solution. 
In general, the percentage of such dissolved ele- 
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menu is greater near the boundary than near the 
center of a grain. At the grain boundary, which 
represents the material solidifying last and at the 
lowest temperature, are crystals of insoluble con- 
stituents and solidified eutectics (lowest-melting 
mixtures) containing the alloying elements. 

The solid solubility of several of the alloying ele- 
ments (copper, magnesium, zinc, silicon) is much 
greater at high temperatures than at room temper- 
atures, and this is the basis of the heat treatment 
of aluminum-base alloys. In this operation, the ar- 
ticle is held for some time at as high a temperature 
as possible, to allow the soluble elements to diffuse 
throughout the aluminum-rich grains. The limiting 
temperature is the melting point of the lowest- 
melting eutectic present, and very good tempera- 
ture control is necessary in order to approach this 
as closely as possible without melting any of the 
eutectic. The time required depends both on the 
temperature and the distance through which the 
hardening elements must diffuse. With a coarse 
grain structure, as in sand castings, up to 12 hours 
may be required. The finer-grained articles require 
shorter times, and if the grain structure has been 
broken down and insoluble constituents disused 
by a working operation (rolling or forging), the 
time may be greatly reduced. For example, thin 
sheet, quickly heated by immersion in a bath of 
molten salts at the heat-treating temperature, may 
require 10 min to complete the solution process. 

The solution heat- treatment is followed by a 
quenching operation in which the article is rapidly 
cooled, for example, by plunging it into cold or hot 
water or a bath of a low-melting salt or metal, or 
by the use of an air blast. This produces a super- 
cooled metallic solid solution, which is supersatu- 
rated at room temperature and thus is actually or 
potentially unstable. In certain alloys containing 
both copper and magnesium or magnesium silicide, 
the supersaturated solid solution breaks down on 
standing at room temperature, forming a submicro- 
scopic precipitate of a compound, such as CuA1 2 . 
or MgsSi, or both, throughout the aluminum-rich 
matrix. This results in an increased strength and 
elongation of the alloy. In some cases, when this 
precipitation is very slow or incomplete at room 
temperature, artificial aging at higher temperature 
(250-450°F, depending on the alloy), for a more 
or less extended time, is necessary in order to bring 
about the desired precipitation and improvement 
in properties. 

Table 1 shows the nominal composition of a num- 
ber of common wrought aluminum alloys, and indi- 
cates the type of products for which they are usu- 
ally used. The alloying elements shown are those 
purposely added, which control the properties. 
Numbers 2014, 2024, 7075, and 7079 represent the 
heat-treatable alloys having high strength and good 
ductility. They are widely used, often in the Alclad 
state (in which the core alloy is protected from 
corrosion by a thin surface layer of pure metal or 
an alloy with a higher solution potential than the 
core), for structural purposes in airplanes, trucks, 


Table 1. Nominal composition of, and matal-formlng 
processes used with, wrought aluminum alloys 


Composition, % alloying element*" 


ruiuj uu. 

Cu 

Si 

Mn 

Mg 

Zu 

Or 

Pb 

Bi 

201 " 

5.5 






0.5 

0.5 

20t4*- 

4.4 

0.8 

0.8 

0.4 





2219k-/ 

6.3 


0.30 






2024*** 

4 5 


0.6 

1.5 





3003*-* 



1.2 






r>o:»2* c 




2.5 





5086*' 



0.5 

4.0 


0.15 



5456*' 



0.75 

5.1 


0.15 



5457* 



0.30 

I 0 





6061*-* 

0.25 

0.6 


1 0 


0 25 



606.V' 


0.4 


0 7 





6262*' 

0.25 

0.6 


1.0 


0.06 

0 50 

0 5o 

7075*- 

1.6 



2 5 

5.6 

0.3 



7079* 

0.6 


02 

3.3 

4 3 

0.2 




° Balance is aluminum and minor impurities b Moiled 
B Drawn. d Extruded. • Forged. / Also font H in« 
0.06% Ti. 0 17% Zr. and 0.10% V. 


buses, and ships. Alloy 3003 is a moderately strong 
very workable alloy used for cooking utensil* and 
some architectural surfaces. It is considerably 
cheaper and more corrosion-resistant than alloy 
2014 or 2024. Alloy 2219 is used for structural pur- 
poses where elevated temperatures (500-600 u Fi 
are involved. Number 5052 is verv resistant to cor* 
rosion, even under marine conditions, very work 
able, and intermediate in cost. Numbers 5086 and 
5456 are stronger varieties of the 5052 type, »i*rd 
for structures where strength and weldability are 
required. Alloy 5457 has an especially bright finish 
after anodizing, and is used for decorative pur- 
poses. Number 2011 is a free-machining alloy used 
for screw-machine products; alloy 6262 has a simi- 
lar use but a higher resistance to corrosion than 
2011. 

Table 2 shows the nominal composition of a few 
important casting alloys, and the types of casting 
process for which they are used. The major allov 
ing ingredient is silicon in each case. This consid- 
erably improves the castability and gives moderate 
strength. The other elements are added primarily 
to increase the tensile strength. Most die casting 4 
are made of alloys 13 or 380. Number 43 has been 
very popular in architectural work, and 355 and 
356 are the principal alloys for sand castings. F132 
is used for internal combustion engine pistons. 

Table 2. Nominal composition of com m on aluminum 
catting atloym and types of castings ma da 

Com position, % alloying dements* 


Alloy no. 

— 


— — — 

Copper Silicon Manganese Magnema" 

13' 


12.0 


43 *...' 


5.0 

1.0 

FIS/* 

3.0 

9.5 

3S5*‘ 

1.3 

5.0 0.5 


S56*‘* 


7.0 0.3 


380' 

3.5 

9.0 



• Balance ia aluminum and minor impurities* 
casting. • Permanent mold. 4 Die caating- 
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u^-ause of the widespread use of secondary 
j ( recovered from scrap for reuse) in tlie cast- 
n ’ p “nd u gtry, casting alloys usually also contain 
,n ? r aro ount» of a variety of metals; these do no 
f" n “ „„ long as they are kept below certain per- 
uses The same is true, to a smaller extent, of 
t of "the wrought alloys. .See Au.ov; Alloy 
'"’’n.TI'BKS; HKAT-TREATMKNT (METALS AND AL- 

1 physical properti#*. Aluminum is a silverv- 

i , /metal, with an atomic weight of 26.98 and an 

IU „nber of 13. The specific gravity is about 
f- (density 0.098 Ib./in/M. The electrical condue- 
,by’ volume) of the very pure metal 
11,09" ) is over 64 %. and that of the commercial 
electrical-conductor grade is 62% of the Interna- 
tl ,. n9 i Annealed Copper Standard, or about 2.8 
n,icri»hm 'em'* at 20‘C. This gives a mass condue 
" it¥ about twice that of copper, because of the 
, 0 * n specific gravity of aluminum. Ihe thermal 
nitiictivitv of the commercial grades of pure 

1— «! - om ■„ 

..,1 • t ,-m'’ > ( cm ) ( °C ) ( sec I . depending on the im- 
i ;„ rlll cs present and the amount of cold work to 
„i,i.h the metal has been subjected. Allovs have 
| llH< . r thermal and electrical conductivities than 
,!„■ nure metal, ranging down to an electrical < on- 
tivits of 21% and a thermal conductivity of 

ii 'l < gs units. Most common alloys have an elec- 
-rl.il condiirtivitv between Ml and .'>0%. and a 
thermal conductivity of 0.30 0.46 cgs units. 

The melting point of the pure metal is about 
Ml C (1220%' i • Allovs do not have a sharp melt 
point, but instead, a melting range which mav 
U-gin as low as 450 T. (840%’ t and extend nearly 
in the melting |«»int of the pure metal. A long melt- 
me range i« characteristic of a good ca«tmg alloy ; 
n lien molten aluminum solidifies, it shrinks about 
Mi'l. and if the solidification is gradual (over a 
tree/ing range) the mushy metal can flow into the 
i actings from the supply in the gates and risers 
thus preventing or minimising the formation of 
shrinkage cavities in the casting. The coefficient of 
npansinn of pure aluminum between 20 and 
WC is about 24 X 10 R per °C< 14 X 10 " per 
V from 68 to 5?2°F). about twice that of steel. 
That of the alloys is generally somewhat less, vary- 
ing with the kind and amounts of alloying metal*. 
The high-silicon alloys have the lowest coefficients 


oi 


expansion. 


’ 'I'wn’iviii 

Chemical properties and compounds. Chem- 
i'ally. aluminum ordinarily has a valence of 3+ 
and is amphoteric; that is, it may be either acid- 
forming or base-forming. Thus, with the common 
a, i<k it forms salts such as the chloride, nitrate. 
n nd dilate. whereas with strong bases, aluminales 
ire formed. In aluminates, the aluminum oxide 
the arid part (NaAIO?, KA10*), .Some com- 
Hnmds are known (halides and oxide) in which 
b»minum has a valence of 1 * 4*9 hut these exist 
•nly at high temperatures and on cooling dispro- 
lonionatf into the metal and a compound of 
Ment aluminum. 


The most important compound is the oxide 
(AljO:s). This exists in several crystalline forms, 
of which the a form (corundum) is the most com- 
mon and most important. Its extreme hardness 
makes it useful as an abrasive, for grinding wheels 
and emery powders. Actually, emery is naturally 
occurring impure corundum that contains minor 
amounts of other metal oxides, chiefly iron and ti- 
tanium. Most of the corundum used in emery 
wheels is made synthetically by smelting bauxite 
with carbon in an electric furnace. The product re- 
sembles the natural mineral, but has more con- 
trollable properties. For certain grades of abra- 
sives, however, the pure oxide is fused to form a 
white, nearlv pure corundum. By melting the pow- 
dered oxide containing traces of added coloring 
oxide** f usually chromium) in the oxybydrogen 
blowpipe flame, “boules” of an artificial ruby are 
made, some of which may be cut to form gems. 
Most of them are cut and drilled, to form small 
"jewels" which serve ( because of their hardness) 
as hearings in watches and delicate electrical 
measuring in-tnruents. Millions of such jewels are 
needed eac h year. 

The aluminum oxide trihydrale is the raw mate- 
rial u'-ed for making most aluminum compounds. If 
precipitated rapidlv from solution, for example. 
b> adding an alkali to a solution of an aluminum 
salt, it i*- a gelatinous, highly hvdrated. flocculated 
material that is prone to occlude coloring and sus- 
pended matter present in the solution. For this rea- 
son. it is employed in water purification. It is 
formed in ver\ dilute solution in the water and is 
removed, with the occluded material, by filtration 
through a laver of sand. If the gelatinous material 
is dried, it becomes either the trihydrate or the 
monohvdrate. depending on the conditions (par- 
ticularly tempera! ui* ) under which the gel was 
formed. There are two varieties of the trihydrate, 
rlearlv identifiable by their x-ray diffraction pat- 
terns, designated as a and ft. The or trihydrate 
((iibbsite), the more common form, occurs in 
bauxite. The j3 form is produced by precipitation 
under special conditions. Both are readily soluble 
i„ acids and caustic alkalies. Basic salts, in which 
a part of the hvdroxide has been replaced by an 
acid radical, are mostly insoluble and easily 
formed. One of them, a basic chloride is used 
medicinally to neutralize excess stomach acidity 
without causing the stomach juices to be alka- 

Un The monohydrate also exists in two forms. The 
a form < Boehmite) occurs in monohydrate bauxite 
The ft form is in the mineral diaspore This cannot 
he dissolved by digestion in caustic soda and thus, 
if present in some (Greek) bauxites, is not reiov- 
erli in the Haver process. It occurs in quantity in 
onlv . few localities, where it ts mined and sold 
for the manufacture of high-alumma refractori&. 

&..«***■ » 

•Kan the irihvdrate. in either acid or alkaline soiu 
lion* Each of these different hydrates has its own 
distinctive x-ray diffraction pattern. 
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Alunite 


Aluminum sulfate crystallizes with either 9 or 18 
molecules of water as in AMSCM.vWaO or 
AI;i(S0i):i'18Hi!0, and is prepared from the tri- 
hydrate and strong sulfuric acid. The so-called 
filter alum is a crude aluminum sulfate formed by 
treating trihydrate bauxite or clay with strong sul- 
furic acid and allowing the product to solidify. It 
supplies soluble alumina for water purification. 

Properly speaking, an alum is a double sulfate 
of aluminum and either potassium, sodium, or 
ammonium, for example. KAl(SO.» ) a*12H-0, 
Na A1 ( SO » ) a - 1 2H 2 0, N H , AM SO 4 ) 1 2H,0. Pot- 
ash alum occurs in nature in some volcanic areas. 
More common is alunite, an impure, insoluble, 
basic potassium aluminum sulfate, KAI ( SO ^ ) y 
Alt OH that usually also contains sodium, re- 
placing some of the potassium. Alunite occurs at 
various locations, and has been used with some 
success by the Russians and Japanese in the ex- 
traction of alumina. Bv high-temperature calcina- 
tion, alunite may he decomposed into impure alu- 
mina and soluble potassium sulfate. This reaction 
was employed to produce potassium sulfate for 
fertilizer purposes in the United States during 
World War I. By calcination at low temperature, 
avoiding loss of acid, soluble alum and insoluble 
crude alumina are formed. This reaction wa* the 
principal source of alum before the growth of the 
modern chemical indiMrv. Sulfuric acid converts 
alunite info a mixture of alum and aluminum sul- 
fate. 

Aluminum chloride exists as the deliquescent 
anhydrous salt (AlCIt) or as the crystalline hy- 
drate AlCl.rbHyO. The former i* made commer- 
cially by the reaction of chlorine on metallic alu- 
minum or on a highly heated mixture of alumina 
and carbon. It sublimes at about 180 3 C (35fit°F) 
and has important uses as a catalyst in organic 
chemistry. The hydrated salt mdy be made bv dis- 
solving alumina trihvdrate in hydrochloric acid, 
and is used in the cosmetic industry as an astrin- 
gent (deodorant). .See Frif.dfl-Crakta reaction. 

Aluminum nitrate. AHWOh l:r9HaO, made from 
the trihydrate and nitric acid, is water-soluble, but 
of minor commercial importance. Like the sulfate 
and the chloride, it may be formed from trihydrate 
bauxite or other aluminous minerals, by treatment 
with the acid. .See Boron; Gallium; Indium; 
Thallium. | k.c.f. | 

Alunite 

A mineral with the chemical composition 
KAMSO.hfOH)* 

Alunite occurs in white to gray rhombohedral crys- 
tals or in fine-grained, compact masses. Fracture is 
splintery to conchoidal. Luster is vitreous. Hard- 
ness is 3.5-4 on Mohs scale and specific gravity is 
2. 6-2.9. It is infusible, insoluble in water, and 
practically insoluble in concentrated hydrochloric 
or nitric acids. It is slowly soluble in dilute nitric 
acids. 

Alunite is produced by sulfurous vapors on acid 
volcanic rocks, and also by sulfated meteoric wa- 


ters affecting aluminous rocks. The mineral is R( . r 
erally found associated with quartz and ktu>li n j, ( 
Alunite is used as a source of potash or for i na li 
ing alum. Alum has been manufactured fruni th 
well-known ulunite deposits at Tolfa, near (;j v j t 
Yecchia, Italy, since the mid-fifteenth ceuturv. | 
the United States ulunite is widespread in the \U*>| 
Large deposits occur in Mineral and HimKd d ] 
Counties. Colorado, and in Piute County. Utah. \ 
Alum; Fertilizer; Potassium. Ik.i.t, 

Amalgam 

An alloy of mercury. Practically all metals * s | 
form alloys or amalgams with merc ury, with th, 
notable exception of iron. 

Amalgams are used us dental materials. j n t| 1( 
concentration of gold and silver from their on*, 
and as electrodes in various industrial and lakr 
torv electrolytic* processes. 

Amalgams used in dental work require thr t..| 
lowing composition : silver. t>5'P min.; copper. (>', 
max.; zinc. 2'7 max.; and tin. 25',' min. 'I hr., 
amalgams are prepared by the dentist as urnled 
and harden within 3 5 inin.. but mu\ be shaped 
carving for 15 min. or so. See Alloy ; Coin; Mm 
CURY (ELEMENT); SlLXEH. [l.M\H 

Amateur radio 

The cmlv hol»b\ regulated bv international tr»,ih 
officially defined as a “sen ire of sr|f tidimin: 
intercommunication and technical investig t itn>n 
carried on h> amateurs, that is. h\ dtil\ authori/iv 
persons interested in radio technique M»lel\ with . 
personal aim and without pccuniarx interest " l r 
der the terms of the treats and further natiun.i 
regulation, some 270.000 people arc lircn^n! .* 
anvateurs. 200,000 ol them in the United States 
its territories alone. .See R mho. 

Amateurs, often c alled hams, rhat with «»n»* an 
other from two-wav radio stations in their homo 
or rars using radiotelegra|)h. radiotelephone. am 
other forms of emission. The hands of fr*-«|iMn 
r ies assigned to the amateur service are shown m 
the following list. 

1.8 1.825 mega- 28.0 29.7 Me 1215 1300 Mr 

cycles (Me) 50.0 5 1.0 Me 3500 37(H) Mr 

I . 975 2.0 Mr 1 14 1 18 Me 5650 5925 Mr 

3.5 1.0 Me 220 225 Me 10.000 10,500 Mr 

7.0 7.3 Me 120 150 Mr 21.000 22.000 Mr 

I I. 0 - 1 1.35 Me All above 30.000 

21.0 -21.45 Me 

Topics for discussion include technical matin 
families, sports, the weather, other hobbies, wor 
or studies. .See Radio spf.c13ri;m allocations. 

Public Service. Amateur iradio operatc»rs serve 0 
public in many ways. Whin telephone wires ai 
electric power lines are tofu down by floods. 1 
zard*. fires, windstorms, or other disasters. al j 
use radio equipment powered by batteries <> r 
gasoline-driven generators to handle message ^ 
highway crews, police, fire departments* the P r 
Red Cross, and similar agencies. Amateur com 



n jcati«nb systems have been made an official part 
of Civil Defense under regulations set up jointly by 
the Federal Communications Commission und the 
Office of Civil and Defense Mobilization. 

Another means by which amateurs perform a 
service and develop a high decree of operating 
*kill is through the free radiogram service carried 
on daily on an organized basis. Local, regional, and 
area networks meet on a given frequency at a pre- 
arranged time to relay messages for the public and 
for each other. Personnel in the Arctic and Antarc- 
tic especially have benefited from this service. 

Technical contributions. Amateur experimental 
interest has resulted in continued progress for the 
radio art. New developments by one amateur are 
frequently presented in amateur radio magazines. 
Thus, in 1923 amateur* led the wav to the u*» of 
short waves after a Connecticut amateur talked 
with one in Franc e on the previously ignored wave- 
length of 110 meters (ml. 1 1 ntil that achievement 
the accepted theory was that only wavelength* 
allow 200 m weie reallv useful. 

H\ the* early thiities. communications between 
point* on opposite sides of tlu* globe had become 
commonplace on wavelengths of 80 through 20 rn 
i i-, It Me freqiienrv). Manv hams then turned 
their attention to tb* higher fiequencie*. \gain. 
<t nmtHirs shattered previou* conception*. e*pe- 
( iallv concerning “linc-uf-sight” limitation* on 
miwminication* at SO Me and above. Thc*e pio- 
neer* di*co\eml and u*ed mean* of radio propaga- 
tion which reached fat bevond the vi*ual horizon: 
reflections from the aurora boreali*. from melent 
It ail*, and fmm *poradic h laver* i patche* "f ion- 
i/ni particle* about 70 mile* above the earth): 
Uncling of radio wave* through laver* of stable 
air; and a Mill not understood phenomenon called 
"traiwcpiaturial scatter.” bv whic h Mat ions on one 
-uli* of the Equator rnav c ommunicate with *tati<»n* 
mi tin* other over distanc es of more than 1000 mile* 
.it time* when *ueli work would not otherwise be 
expelled to *i|eceed. This .node and several of the 
otbt-i * were subjects of an International (ieoph\*i- 
<al Year *tudv undertaken by amateur* through the 
Vmcrican Radio Relax League. Much support by 
'“ientivts of the radio amateur stem* from such co- 
"I'eralive projects. 

Ynmng the many technical development* bv ama- 
and first published in amateur journals are 
■‘ii|»er-rrgeneratic»n f 1922). crystal control (1923i. 
Ugh f.' osc illator circuits (1928). single-signal sti- 
perlipierodyne receivers (1932), and /V- section an- 
,( *nna couplers (1934). More recently, amateurs 
Uuc Ud i n the development of compact system* for 
wideband transmission of radiotelephone *ig- 
n aU. The Air Force completed its change to single 
"ideband for long-range air-ground comintinica- 
*' on * several veara ahead of schedule by adapting 
P, l«jipment designed by and for amateurs. 

im* amateur service also contribute* to the state 
Pi arJ influencing the choice of careers of 
a young people; ovrr 50 per rent of the am- 
* f urs are employed in some phase of the electron- 
,cs industry. 
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Regulations. Citizens of the United States are 
lic ensed by the Federal Communications Commis- 
sion ( FCC) after an examination in the Interna- 
tional Morse Code, radio theory and practice, and 
radio regulations. The license permits an amateur 
to build or assemble from purchased equipment a 
radio station on any premises or in any vehicle 
under his control. Part 12 of the FCC regulations, 
‘Rule* Loverning the Amateur .Service.’" governs 
amateur operating and technical requirements. 

Associations. The American Radio Relay 
League. Inc., founded in 1914. is the nonprofit na- t 
tional society lor all radio amateurs in North Avner 
ica, with headquarters at West Hartford. Conn. 

1 he League produces the monthly magazine QST. 
an annual Radio Amateur's Handbook , and eight 
other publication* covering various aspects of the 
hohhv ranging from beginner material to rather 
complex subject*. The League, which has 90,000 
member*, serve* a* spokesman for amateurs in reg- 
ulator matter*: it presents new technical develop- 
ment* and conduct* operating contest* and other 
activities to increase the hams’ enjoyment of and 
*ki!l in the h»*!»by. The League also serves a* the 
headquarter* for the International Amateur Radio 
l nion. cornpo*ed of 54 national radio societies. 

[A.L.B.I 

Amber 

A fo**il re-in derived from a coniferous tree. It has 
been u*cd for ornamental purposes since prehis- 
tciic time*, for it i* mentioned among the first re- 
corded reference* to bead* and other ornamental 
object*. When u*ed for jewelry purpose*, it is usu- 
allv a translucent Yellow, orange, or reddish-brown 
color. It frequently contains insects that were en- 
trapped when the resinous tree exudation w r as still 
in i *emi liqma **ate. Amber of a translucent or 
*emitran*lucent *• pe i* used for decorating small 
bo\e*. for pipe *tems. and for a variety of ornamen- 
tal purposes. 

For centuries, the mo*t important source of am- 
ber ha* been along the south shore of the Baltic 



Psoudosphogina carpenter* Hull (Diptera), syrphid fly 
in Baltic amber. Oligocene. (Photo from F. M. Carpen- 
ter) 
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Sea, particularly in the section of Poland that was 
Germany before World War II (East Prussia). 
Other sources are Burma, Sicily, and Rumania. 
There are only minor differences in composition 
and properties of material from the various sources. 
Amber is amorphous, has a refractive index of 
about 1.54. a specific gravity of 1.05-1.10, and a 
hardness of 2-2H on Mohs* scale. In polarized 
light, irregular interference colors are exhibited as 
a result of pronounced internal strain. See Gem; 
see also Mineralogy. [ r.t.l.] 

Ambergris 

A fatty, gumlike, blackish-grey substance formed 
in the intestinal tract of the sperm whale Physeter 
catodon . Apparently, ambergris protects the animal 
from the sharp, indigestible beaks of the squid that 
constitute much of its diet (see Squid). Ambergris 
is found in lumps ranging from % ounce to as much 
as 100 lb floating on tropical seas or cast up on 
the coasts. Occasionally it is gathered from the ab- 
domens of the whales at slaughter, or when these 
animals are found dead. It is rare and highly 
valued bv perfumers, who use it as a fixative to add 
to the duration of the fragrance of their products. 
In its original state, it has an offensive smell, but 
on hardening it acquires a sweet, earthy odor. The 
market value of the best quality ambergris is about 
$8-10 per ounce. See Whale. fc.co.l 

Amblygonite 

A mineral consisting of lithium, sodium, aluminum 
phosphate (Li. Na) Al(PO») fF.OH). Lithium and 
sodium substitute for each other but generally Li is 
in excess of Na; F and OH also substitute mutu- 
ally. These substitutions give rise to an amblygo- 
nite series of minerals. Amblygonite crystallizes in 
the triclinic system. Crystals are short and pris- 
matic. Colors range from white through shades of 
gray, yellow, green, and brown. 

Amblygonite, found at many places in the world, 
occurs mostly in granitic pegmatites. It is mined in 
the Black Hills of South Dakota, in Southwest Af- 
rica. and elsewhere for its lithium content. 

( W.R.I.O. ] 

Amblypygi 

An order of arachnids, the tailless whip-scorpions, 
comprising about 50 species of flattened, crablike 
forms from the tropical and warm temperate re- 
gions of the world. The somber red or brownish 
species vary considerably in size, from 4-45 mm, 
the largest being Acanthophrynus coronatus of 
California and Mexico. The pedipalps are long 
raptorial organs set with many sharp spines that 
grasp and crush insect prey. The first pair of legs 
is modified into very long, lashlike whips which are 
used as sensory feelers. No tail is present on the 
abdomen. The amblypygids are harmless, nocturnal 
types that live under stones, in rock fissures and 
caves, and frequently in houses. No venom or re- 
pellent glands are present. See Arachnids. 

fw.J.GH.] 


Ameba 

One-cel led protozoans belonging to the class $ ar . 
codina. These animals possess no constant shape or 
form as they are surrounded by a flexible cell niej n . 
brane, the plasma membrane. Amebas extrude p„ r . 
tions of the body both for movement and to cap. 



An ameba; length to 0.6 mm. (From T. I. Storer and 
R. L. U singer. General Zoology, 3d ed., McGraw Hil '» 
1957) 

ture food. These extensions are the pseudopods 
and the cell protoplasm flows into them as the\ 
form. The movement is so characteristic of the*e 
animals that it is referred to as ameboid movement 
Food particles are entrapped bv the p*eudopod-. 
which dose around the material and form a fond 
vacuole in which digestion occurs. Elimination of 
solid waste occurs when the food vacuole rupture 
through the membrane at anv point. Fluid e\i re 
tion and internal pressure is controlled hv the rup- 
ture of a second vacuole, the contractile vacuole 

Asexual reproduction by binary fission i- tin 
only method known. It involves mitotic or indirot 
cel! division. Analogous to a cell, the ameba ha* a 
nucleus which is the control renter of all aitnitv 

The term ameba is generally u>ed for all spnir- 
of this group. Interesting relatives include a guni 
form. Chaos , which is multinucleate. \ group th.it 
has a shell is typified by Arcella. A parasitic *p» 
cies is Entamoeba histolytica. This ma\ be patho- 
genic for man and cause amebic dv*enter\. fre- 
quently associated with E. histolytica in the larp' 
intestine is another species. Entamoeba coli . a cum 
mensal. .See Amebiasis; Amoebida. |J- ,) 11 

Amebiasis 

An infection of man with amebas. Man can harbor 
at least six species; Entamoeba histolytica . f- l ° L 
Endolimax nan/i, lodamoeba biitsrhlii , Dientnmor w 
fragilis , and E. gingivalis . With rare exception* 
only E. histolytica causes disease in man; even w 
this case factors other than tile ameba seem to be r<* 
quired for disease to result. six speeies inhahi 
the gastrointestinal tract; ope. E. gingivalis , * ,n 

the mouth only, the others in the intestine. 

Epidemiology, E. histolytica occurs on all 
nents. ft may be found in v#ry cold region*. • 
latitude, but is moat common in the warm-temP 
ate, subtropical, and tropical zones. The infe* 
is spread chiefly among humans by cyrt» ,n ^ ^ 
taminated food and water. In the United Sta e 
is believed that 1 2.000,000- 15,000,000 P cr *° n * j 
infected, rates varying from 20% or more m 



fomtnunities with poor sanitation to 3% or Its* in 
urban centers with adequate water and sewage 
purification; the over-all infection rate is estimated 
a t 8-10%- The majority of these infections are 
either completely asymptomatic or cause very little 
disturbance; however in other areas, for example 
the tropics, infection is more often followed by 
disease. The relation between amebic infection and 
amebic disease is complex; some factors involved 
ar e described below. 

Pathogenesis. E. histolytica frequently invades 
the intestinal wall, producing amebic diarrhea or 
amebic dysentery. It may be carried to the liver, 
causing liver abscess, which is not rare, or be dis- 
seminated by way of either the blood or lymph 
(hannels or both and localize in the brain, skin, or 
elsewhere. In all of these sites tissue destruction 
occurs in the vicinity of the amebas, leading to 
al»M*ess formation. These abscesses may extend 
locally; they may eventually empty into an ad- 
jacent cavity, that is, from the intestine into the 
peritoneum, or from the liver or lung into the 
pleural cavity or bronchial tubes. They may pro- 
vnke a local tissue reaction: for example, a capsule 
of connective tissue may form around a liver ab- 
sfe** and a granulomatous new growth may form 
about ‘'kin abscesses. 

Disease mechanism. The mechanism of disease 
education is complex. Apparently E. histolytica by 
itself i* almost completely harmless in the lumen 
.,f the intestine, but when it grows with bacteria, 
which under natural circumstances are always pres- 
ent in large numbers in the intestine, the ameba 
ran breach the epithelial barrier of the gut and 
*tuit disease. It is the circumstance that the habitat 
of K. histolytica ensures its growth along with 
bacteria which causes frequent realization of its 
potential pathogenicity. If bacteriafree amebas are 
insulated into germfree susceptible animals, no 
lesion results. If. however, certain bacteria and 
this ameba are inoculated into germfree animals, 
or if bacteriafree amebic cultures are inoculated 
mto animals which are not germfree. then ulcera- 
tion and dysentery frequently follow. It is. there- 
for*. impossible to categorize E. histolytica as 
either a parasitic or as a commensal organism since 
it may be either. It is usually assumed that when 
dbcase is caused, only the host and one microor- 
ganism are involved; in the case of amebiasis, 
there is an interplay of at least three factors. 

^apy. For the therapy of intestinal amebiasis, 
or «anic arsenicals, iodides, or bismuth compounds 
?. re em Ployed as well as certain antibiotics. For 
, ! Pr implications, emetine and chloroquine are 
jmcctivf Antibacterial treatment may at times also 
t squired. See Ecolocic inter actions ; Germ- 
!* EE Vert ebrate; Parasitology, medical; Sar- 

COft,NA ‘ [D.W.] 

Amera 

all* °* * ree divisions o f the phylum Vermes 
Posed by 0. Butschli in 1910 and given the rank 
8R bphylum. This group included the acoelo- 
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mate and pseudocoelomate, bilaterally symmetrical 
animals divided into three branches. These are the 
rlathelminthes, including the Nemertinea; the 
Nematheiminthes which comprised the classes Ro- 
tatoria, Gastrotricha, Kinorhyncha, Nematodes, 
Nematomorpha, and Acanthocephala ; and the 
Kamptozoa or the entoproct Bryozoa. The other 
subdivisions recognized were the Polymera and 
Oligomera. Sec Oligomer a; Polymera. [c.b.c.] 

Americium 

A chemical element, Am, atomic number 95. The 
mass number of the isotope of the longest known 
half-life is 243. Americium was discovered by G. T. 
Seaborg, R. A. James, and L. O. Morgan in pluto- 
nium that had been irradiated in a reactor. The 
nuclear chemical reactions are as follows: 

Pu M9 (fi,7)Pu 240 (n,7)Pu 441 il* Am 241 

The isotope Am 241 is an a-emitter with a half-life 
of 458 year*. Other isotopes of americium might be 
of equal interest for research purposes, since sev- 
eral have half-lives of sufficient length to facilitate 
their convenient handling. But because they are 
not readily available they are not used. 



Studies of the behavior of americium in aqueous 
solution by B. B. Cunningham have shown that its 
most prominent oxidation state is 3+ and that in 
this state, it closely resembles the tri positive rare 
earths. It differs, however, in that it has proved 
possible to oxidize it to the 5-f state, and L. B. 
Asprey, S. E. Stephanou, and R. A. Penneman have 
prepared the 6+ americyl ion, AraC> 2 + \ analogous 
to uranyl, neptunyl. and plutonyl ions. 

The formal analogy of americium to the rare 
earths is more marked in the anhydrous com- 
pounds. and it has been found that the compounds 
of ;:mericium are isomorphous with the correspond- 
ing compounds of some of the rare earths as 
well as with those of the tripositive transuranium 
elements. 

All the compounds prepared were identified by 
W. H. Zachariasen from their x-ray diffraction pat- 
terns. The compounds are prepared in the same 
way as the corresponding ones of actinium, pro- 
tactinium, neptunium, plutonium, and the rare 
earths. A representative set of reactions follows: 

AmOj + 2Cd 4 — Arndt + 2COd* + «di 
3AmO» + 4AlBr* -♦ 3AmBn + 2A1 j0i + J*Br t 
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2AmO a + 4H*S — AmaS* + 4H 2 (> + S 

All these reactions were carried out on the 10- to 
30-/j.g scale. 

It should he noted that it is not easy to prepare 
the anhydrous halides hv evaporation of appro- 
priate aqueous solutions. Generally,, oxvhalides or 
oxides result because of extensive hydrolysis. This 
is a property common to most of the heavy ele- 
ments. 

When the chloride, bromide, and iodide of am- 
ericium are prepared, it is possible to separate 
them from other reaction products hv fractional 
sublimation. Most of the halides are volatile at 
500-800 °C. and they may be condensed in a thin 
quartz capillary as a zone of crystalline material. 
The capillaries may be used directly for x-ray dif- 
fraction analysis. .See Actinide elements: Rkrke- 
mi : m; Nuclear reaction; Transuranium ele- 
ments. ( S.K. ] 

Bibliography : J. J. Katz and G. T. Seaborg, The 
Actinide Elements , Natl. Nuclear Energy Series. 
Div. 4. 14A:507-541, 1954; J. J. Katz and G. T. 
Seaborg. The Chemistry of The Actinide Elements , 
1958. 

Amethyst 

The transparent purple to violet variety of the min- 
eral quartz. Although quartz is perhaps the most 
common gem mineral known, amethvst is rare in 
the lovelv deep colors that characterize fine qual- 
ity. Amethyst is usually colored unevenly and is of- 
ten heated slightly in an effort to distribute the 
color more evenly. Heating at higher temperatures 
usually brings a change to a yellow or brown color 
(rarely green), and further heating removes all 
color. The principal sources are Brazil. Arizona. 
Uruguay, and Russia. Amethyst is often cut in step 
or brilliant shapes, and drilled or oarved for beads. 
Carvings are made both from transparent and non- 
transparent material. See Gem; Quartz, [r.t.l.] 

Amide 

A derivative of an acid, the carboxylic OH group 
of which has been replaced by an - NH 2 ( pri- 
mary amide) or other N-substituted derivatives. 
Some metallic amides, such as sodium amide 
(NaNIl?). and some amides of inorganic acids, 
such as nitroamide (NH<NO>) and sulfamic acid 
fNHgSOaOH). are known. Primary amides of or- 
ganic acids are the most important and have the 
general formula 


0 


0 


R-C— NH t or R — S — NH a 

\ 


the latter being known as sulfonamides. Amides oc- 
cur in nature as urea and in many alkaloids. They 
may be formed by fusion of the ammonium salt of 
the corresponding acid or from the acyl halide plus 
ammonia or amines. Chief reactions are hydrolysis, 


reduction, dehydration, and replacement. Important 
amides and their uses include dimethyl formami^ 
(solvent), urea (fertilizer, plastics, phannaccuti. 
cals), sulfonamides (sulfa drugs), and stearanii ( j«. 
(waterproofing). See Amide, acid; Sulfa i>riu;s. 

[k.h.h.; 

Amide, acid 

A derivative of a carboxylic acid with general for 
inula 

O 

II 

R C Nil, 

where R is hydrogen or an alkyl or aryl radical 
Amides rnav be considered to be formed by replace 
merit of the carboxylic hvdroxyl group of acid** f, v 
the amino group. NHj. They are thus acyl or ar<.\| 
derivatives of ammonia, or in the case of V-MilMi 
luted amides. 

O 0 

II !! 

R C-NHR R C NR* 

of substituted ammonia, that is primary or sci 
ar\ amines. 

Except for formarnidc. all simple amides „|, 
relatively low-melting solids, stable, and weakk 
acidic. Thev are strongly associated through livdn. 
gen bonding, and hence soluble in hvdmwlir -<*! 
vents, such as water and alcohol. Because of nm 
of formation and sharp melting points, amide- nr. 
frequently used for the identification of orgnnn 
acids, and conversely, for the idenl ifu ation <•' 
amines. The table lists common amides, tog* tlicr 
with their important physical iwopertics. 

Formation and properties. Commercial i>i*i* 

aration of amides involves thermal dehydration of 
ammonium salts of carhoxvlic acids. Thus. -I«»* 
pyrolysis of ammonium acetate. CHjGOONIIi 
forms water and acetamide. V,;V-dimellivla« dam 
ide may he similarly prepared from dimcthvlam 
monium acetate 

CICCOO NlMGHah 

Laboratory preparations are varied, ami inilinl* 
the action of aqueous or alcoholic solutions of am 
monia or amines upon esters, 

O 

I! 

R -C-OCiH t + C.HjNHj 

O 

'I 

CiiUOH + R Cr NHC1L 

Arid anhydrides reart vigorously with an"'"'' 
containing active hydrogen Atoms to form anm^ 
These reactions are illustrated by: 

C,F,C0CI + ClliNH, N *° 9 
Benzovl Methylamine 
chloride 

NaCI + CaUCONHCH* 

iy-Methylbenzan»fl f 
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Common »»"«•»* 


Common mime 

Korin ula 

Melting 
|K»iiit t °C 

Boiling 
point, °C 

Kormumide 

1 ICON II, 

2. ft 

193 

Acetamide 

CII,COMI, 

HI 

221 

Propionumide 

<'llj(’.ll,('.OM|j 

79 80 

222 

Biilyrumide 

I'.lMCHjtjOOMI, 

115 lift 

21ft 

i-HutycJimide 

(('.ii,),r.iicoMi, 

129 130 

216-220 

Valeramide 

ai.(Cii,>,coMi, 

10ft 

j-Yulcramide 

«:ii,),ciiriM'.oMi 

135 137 

232 

Capronmide 

(:iii<ai,),r.oMi, 

100 101 

lleptamide 

cn»f<'ii,)»<:oMi, 

93 9ft 

250- -238 

Cnprylumidc 

ClljlCllsuCOMI, 

103 110 

alkove 200(deo 

IVlargoiiaiiiidc 

oh s m:ii,) 7 oo\ii, 

99 100 

200** 

Ijiuramide 

CII.iCIMlCOMI, 

102 

235 23ft 12 

Palmitamide 

I'.II.iOII.ImCOMI, 

10ft 107 

250 25 1 12 

Stearylmnide 

<:iu<:ii,m.omi, 

108 109 


Oxamide 

iOIMIj), 

117 ll9(dec) 


Siicciiuimide 

iOIIjCOMU 

212 2 13 


(ilutaramide 

(CllvMCOMI.), 



Adi|Nimide 

ICII, CIM'.OMI„. 

22ft 227 

290 

Beiizamidc 

0,11., COMI, 

130 


o-loluamide 

<>-0100,1 1.OOMIr 

1 17 


w-Toludinidc 

m-OI 1.0,1 1,00 Ml. 

97 


/>- l olimmide 

;>-OI 1,0,11,00X11, 

139 lftO 


a- Naphthoic amide 

a-C„.ll,OOMI, 

202 


^-Naphthoic amide 

fl-OJM'.ONII, 

192 



► Jiiiwii mi N. A. Liii^' fed.), Handbook of Chemistry. c #f li «*d.. Mdoaw-llill, 193ft. 


f) O 

i Hi; i) C Uh I 2CH:iNH, - 

\<vtic anl»\ <lri«lc* 

(;H,C(H) \II 3 CIU + CHjCONHCHj 

VMethv lacetamide 

When an amide is healed with a carboxvlic arid, 
i *! undergoes exchange of thi* amino group lequilib* 
jriumi. Thus acetamide an<i propionic arid in the* 

1 indtrn state* form a mixture* consisting of acetam 
k arctic acid, pmpionamide. and propionic acid, 
red. the diumide of carbonic acid, it lien heated 
*ith an acid, forms the unstable ra rhumb* acid; 
knew amide is thus formed in high yield. 

CIW.OUH 

(ji 3 (:oMf 2 1 h*N(:ooh 

(.Oj! + 

1 lie. Schotten-Baumann reaction, involving am- 
,n ' m,a «>r amines with acid halides, is frequently 
,N, ‘d. The partial hydrolysis of nitriles also affords 
d <’«»nvenient synthesis of a variety of amides: 

<:H( 'h-.<:h 2 ch 2 c.-N + h 2 o — * 

CIUCHsCHaCIlsGONH: 

Tl 

^ reaction is catalyzed by both acid and base; 
Modifications involve the use of basic ion* 
p* lange resins, which smoothly effect hydrolysis 
i u *‘^ amide. 


Uses. Of the common simple amides, acetamide 
find* the widest application. In the molten Mate, it 
i*» an excellent solvent for many inorganic reac- 
tions. It is a solubilizing compound: addition of 
acetamide enhances the solvent properties of wa- 
ter. Acetamide is also used as a denaturant in alco- 
hol. and as a stabilizer and plasticizer. It is widely 
used in organic synthesis. 

In general, amides find use in the Hofmann reac- 
tion. by which the; are degraded to amines con- 
taining one less carbon* with phosphorus pentoxide 
or acetic anhydride, t liey are dehydrated to nitriles, 
and with nitrous acid, the NHj group is replaced, 
forming carboxylic acids. The most important com- 
mercial use. however, is based upon thermal treat- 
ment of polyamides. Thus, heating <v.«i-dicarboxylic 
acids containing five or six carbon atoms with a.«»- 
diarnines also containing five or six carbons leads 
to intermolecular dehydration invoking many mol- 
ecules and results in a long poh amide chain. The 
polymer, in Ion. results from the reaction of hex- 
amethx lenediainine and adipic acid on extended 
treatment in molecular «'dls at 200 CS C or higher, 
when in much polymerization occurs, giving mole- 
cules of molecular weight above 25,000. These are 
Mutable for spin-drawing into filaments of great 
tensile strength. See Arm anhydride: Acid hal- 
ide; Amine: Carboxylic acid; Nitrile; Poly- 
amide resin: Urea. Ie.b.r.] 

Amidine 

A compound with the general formula 

NH 

ii 

R- C -NH, 
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or corresponding N-substituted derivatives. Ami- 
dines may be considered as derivatives of amides 
formed by replacement of the divalent oxygen atom 
by an imino (>NH) group. They are usually pre- 
pared by the reaction of the imino chloride or 
ester and ammonia or amines. The amidines are 
colorless, crystalline bases, are somewhat unstable, 
and are used as salts in acid solution. They are 
readily hydrolyzed by hot acids and bases, and 
condense with certain reagents to give heterocyclic 
systems. The pharmacological properties of many 
have been investigated. See AmiNk. Ik.H.h.] 

Amiiformes 

An order of Actinopterygian fishes also known as 
the Halecomorphi that was especially well devel- 
oped in the middle Mesozoic and persists to the 
present. The characters include abbreviate hetero- 
cercai tail, in some almost symmetrical; usually 
fusiform body; median fin rays arranged one per 
pterygiophore ; scales with a ganoine surface hut 
typically thin; no spiracle; vascularized swim- 
bladder with a duct; reduced maxilla which is free 
from the preopercle posteriorly ; an orbit which is 
bordered below and behind by a series of enlarged 
bones; and. in Recent species, an enlarged gular 
plate and elongate dorsal fin. 



Bowfin, Amia calva. (After G. B. Goode , Great leter - 
national Fisheries Exhibition, London , 1883 , U.S. Natl. 
Museum Bull . 27, 1884) 


The order, which appeared first in the Triassic. 
includes four families, of which only the Amiidae 
survived into the Cenozoic. The single Recent spe- 
cies, A mia calva , inhabits sluggish fresh waters of 
eastern North America. It attains a length of about 
30 in., and is valued for scientific study as a so- 
called living fossil. See Actinopterymi. [r.m.b. ] 

Animation 

Amines may be considered derivatives of ammonia, 
NH: f , where one or more of the hydrogens is re- 
placed by an alkyl (CH r — ), aryl (&,H* — ), cy- 
cloalkyl ICtiHii — ). or heterocyclic group. Several 
processes are employed for the preparation of 
amines, which are among the most important of or- 
ganic compounds. They are used for the prepara- 
tion of dyes, medicinal*, surfactants, plastics, 
rocket fuels, and emulsifiers. 

Amines can be prepared by reducing a compound 
that already has a carbon-nitrogen bond, such as a 
nitro, nitroso, azoxy, or azo compound. They ran 
also be prepared by treating compounds containing 
(1) a labile group f— Cl, —OH, — SO;*H), (2) a 


carbonyl ( >0-0) group, or (3) a highly reani V( 
structure 

H a C - CHa 

\ / 

() 

with ammonia. The preparation of amines f rnil 
compounds containing a C-N bond is termed rtlll| 
nation hv reduction; the production of amines |„ 
reaction with ammonia or a mixture of airnmwjj 
and hydrogen is termed ammonolysis or hydruani 
monolysis. 

Amination by reduction. A variety of icdti<t, (l| 
methods have been used for the preparation 0 
amines. The Bechamp reduction involving iron ant 
an acid is the principal example of a common^ 
used metal and acid combination, but other tnrVaU 
notably zinc and tin. hu\e been employed 
ally, hydrochloric acid or its acidic salts an* p fe 
ferred, but sulfuric, acetic, and other a< ids h.iu 
also served. 

Catalytic reduction involves hydrogen and iu.it . 
lyst such a* nickel, copper, platinum, or moUM, 
num sulfides. 

Sulfide reductions are used mainl\ tor the par 
tial reduction of polvnilro aromatic < ompoumb t. 
nitroamines. for example, r/r-dinitmhen/erir t«. r. 
nitroaniline. 

Metal and acid reduction** arc the most \jp,r.n t * 
and as a rule yield primun amino as f . n ,t p r ,,j 
ucts. Catalytic reductions are emplo\ed *|ien tU 
nitro compound is a liquid and the production re- 
quirements are large and <tead\. us in the prt*M 
ration of aniline from nitrobenzene. [\\ a pMp»: 
selection of reducing agent and careful re^iiKitii-' 
of the process, reductions may often he stuppnl i: 
an intermediate stage (uzox\. azo. or hvrlro/»* • t. 
obtain valuable products other than amines. 

Iron and acid reductions can he carried out w ith 
far less than the theoretical quantitv of a« id n 1 
cpiired by the following equation: 

CdliNOt f 2Fe 4 7HC1 - 
Formula wt. 123 2(33.84) 7(36.13) 

Ce lUNllaTJ + 2IWM-2W 

In industrial praetire. only about V I ^ 
amount of acid indicated above is used. A "hupli 
fied explanation of this phenomenon depends on the 
hydrolysis of salts of aronpatir amines f aniline h> 
drochloride) which provides the acidic medium f (,r 
the reduction. 

Amination by ammonaflysis. Aqueous amm»ntf 

(20~60 f '£ NH.t) is used fpr most aminations in t f 
liquid phase. In such reactions, NH.u and not ttf 
addition product. NH4OII. is the reactant. Kxam 
pies of the preparation of amines from *' er ’ 
classes of compounds by reaction with amm»»nr 
follow. .1 r0 . 

1. Replacement of halogen: aniline fr»n* r 0 
benzene; mono-, di-. and trialkylamines from a 
chlorides. 
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2 . Replacement ' SO.iH and OSO.-.H 

roups: aminounthraquinone from anthraquinonc- 

mdfonH- acid; ethylenediamine from uininoethyl 

hvdrogen sulfate. 

3 Conversion of alcohol*: mono-, di-. and trial- 
k vluniines from low-molecular-weight alcohols. 

4 . Hydroainmonolysis of aldehydes and ketones: 
^.propylamine from acrolein; isopropylamine from 
acetone- 

3. Addition reactions: mono-, di-, and triethanol- 
amines from ethylene oxide. 

Catalysts. In the umrnnnoly«is of halogen com- 
pounds, it is frequently advantageous to use a cop- 
j, rl 0 r a silver catalyst. In the production of amines 
from alcohols, dehydrating catalysts such as alumi- 
num phosphate and aluminum silicate are effective. 
For the hvdroainmonolysis of carhonvl compounds 
in the vapor phase, cohalt and copper- based rata- 
are generally employed. 

Kinetics. A substantial excess of ammonia is 
generally used in the conversion of reactive organic 
Himpounds to amines. Coder such conditions, there 
i- no jppiccirthle change in the Nil., < oncentration 
ol rhe medium, and the rate expression for the 
prmf*fc is pseudo first order. The free energy 
change for most animations is favorable at inoder- 
.,tt- temperatures. 

Equipment. Animations by ammonolvds are gen- 
« rullv <ariii j d out at elevated temperature*- and 
presmire^. Autoclaves ate cornmonlv used for both 
bat* h and cuntiniioiis processes up to 700 1000 
jm. whereas tubes are preferred for higher pre*- 
and particular Iv for continuous processes. In- 
dir ec-| Jieating of autoclaves is ac<*omp]ished hv 
ft»r reactions up to 190 ' C and a circulating 
nil sv stern for higher t«*niperatures. Because the 
vmiII- of the autoclave are thick, improved heat 
transfer mav he obtained with internal coils instead 
ot with a jacket. Mechanical agitation is essential 
when the reactants are immiscible. Tubular reac- 
tors containing seamless tubes tir bored forgings 
arc iw>d for ammonolyse* involving pressures of 
700 ,v(KKl psi. .See A MINK ; IMl I’ROCEsM.v [p.H.i,,] 
Hibliographv : f\ H. Croggin*. (’nif Proressvs in 
Organic Synthesis, 5th ed.. 1958. 

^mine 

^ nu mber of a group of organic compounds which 
an he considered a* derived from ammonia hv re- 
‘lacemc.nt of one or more hydrogens hv organic 
wlie&U. Generally they arc bases of widely van* 
n K strengths, but a few amine* which arc actually 
l ‘ i'lic are known. 

Amines are classified according to the number 
hvdmgens of ammonia which are replaced hv 
radicals. Replacement of one hydrogen results in 
a primary amine (RNHg). replacement of two hv- 
result* in a secondary amirt* (R^NH ) and 
^placement of all three hydrogen* results in a ter- 
** r y amine fR a N). The substituent groups (R) 
a a : «*kyl. aryl or aralkyl. Another group of 

mines are those in which the nitrogen forms part 
an *R • heterocyclic amine*). 


Amine 

Many aromatic and heterocyclic amine* are 
known by trivial name* and derivative* are named 
as substitution products of the parent amine. Thus, 
CjlIjiNH-j is aniline and GjHsNHQHs is ethyl- 
aniline. For a discussion of definitive rules for 
naming amines .see Organic ciikmistky. 

According to the Brbnsted- Lowry theory of acids 
and bases, amines are basic because they accept 
protons from acids. In water the equilibrium 

RNH 2 + H a Os±RNH ;i * 4- OH 

lies predominantly to the left. If by definition 

lRNH,no»J- 

kh ~ rnh 2 

then the basic ionization constant, Kt„ for short 
chain aliphatic amines lies near 10 1 ; for aromatic 
amines K>, <10 for ammonia K h = 1.8 X 10 \ 
Stable salt*- suitable for the identification of amines 
are in general formed only with strong acids such 
as hydrochloric, sulfuric, oxalic, chloroplatinir. or 
pi« fic. Iterates varv in character from true salts 
of amines that are fairly strong bases such as 
methv larnine to addition compounds with weakly 
ha hc or nonbasic amines such as carba/ole. 

Reactions of amines. Several test-tube reactions 
for recognition and characterization of amines are 
known: the Schotten- Baumann reaction, the Hins- 
berg tcM, the carbv larnine reaction, and the action 
of nitrous acid. 

T he Schotten-Baumann reaction involves treat- 
ment of an amine with benzoyl chloride in basic- 
solution. It serves to distinguish tertiary amines 
frmn primary and secondary amines by the for- 
mation of substituted benzamides from the primary 
and secondary amines. Tertiary amines do not re- 
al t with benzovl chloride. 

RNH, f -QlltCnCI i OH - 

CcHsCONHR 4- Cl” -f H 2 0 
RoNH 4 CJLOiCl f OH- - 

CJUCONRj + Cl” 4- HiO 

The substituted benzarnides are generally insoluble 
in water, solid, and easily purified, and they have 
characteristic melting points. Thus they serve to 
identify the amines. Alcohols react with benzovl 
chloride under the conditions of the test to form 
benzoic acid c-tcr-*. but the reaction with water is 
too slow to interfere. Uv of pyridine as both sol- 
ve 4 and ha-e often improves the yield of benza- 
mide. 

The more reactive acylating agent*, acetic an- 
hydride and acetyl chloride, give substituted acet- 
amide* without added base. This reaction gives the 
same type of information as the Schotten-Bau- 
maim reaction. 

Closely related to the Schotten-Baumann reac- 
tion is the Hinsherg test. This has the added ad- 
vantage of distinguishing between primary and sec- 
ondary amines. It involves reaction of an amine 
with benzetiesu l fony 1 chloride in alkaline solution. 
Both it and the Schotten-Baumann test are appli- 
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cable to both aliphatic and aromatic amines with 
the exception of those amines which are substan- 
tially nonbasic in character. Primary amines give 
sulfonamides that are soluble in basic solutions; 
secondary amines give insoluble derivatives; and 
tertiary amines with no replaceable hydrogen do 
not react with the reagent. In general, the sulfon- 
amides are solids and are useful for identification 
of the amines. 

Weakly basic amines react so slowly that the 
reagent may be hydrolyzed before the sulfonamide 
is formed. Tertiary amines, such as pyridine, give 
quaternary salts with evolution of heat and hence 
may give misleading information. However, these 
salts hydrolyze readily in water with regeneration 
of their components. The use of nonaqueous sol- 
vents such as pyridine makes this limitation an ad- 
vantage since the more reactive quaternary salt 
frequently gives sulfonamides of otherwise unreac- 
tive primary amines. 

Carby famines (isocyanides) possess a very un- 
pleasant. nauseating odor and are formed by the 
reaction of any primary amine with chloroform in 
basic solution. 

RNH 2 4- CHCI3 4- 3 OH R-N ^ C 

-4- 3 Cl" 4" 3 H >0 

Reaction with nitrous acid serves as a further 
method for distinguishing between various classes 
of amines. Primary aliphatic amines evolve nitro- 
gen, whereas primary aromatic amines give diazo- 
niura compounds which may be recognized by dye 
formation on coupling with a suitable second com- 
ponent. Secondary amines of both series give ni- 
trosa mines, generally as yellow oils. Tertiary ali- 
phatic amines do not react with nitrous acid and 
mixed aliphatic aromatic tertiary amines undergo 
nuclear nitrosation. See Diazotization. 

Aromatic amines undergo oxidation by atmos- 
pheric oxygen more or less readily to give dark- 
colored products of complex nature. In some in- 
stances, definite products have been isolated (see 
Aniline). In alkaline solution tertiary amines are 
oxidized by hydrogen peroxide to amine oxides 
which, although still basic, are not strong bases as 
are the quaternary ammonium types. 

R3N + H 2 0 2 R*N — 0 4- H 2 0 

Aromatic amines undergo halogenation and sul- 
fonation on the ring. However, because of their 
susceptibility to oxidation, nitration cannot be ac- 
complished without prior protection of the labi- 
lizing amino group. This is commonly done by 
acetylation. When acetanilide is nitrated in acetic 
acid, the product is predominantly p-nitroacetani- 
lide; when acetic anhydride is the solvent, the ma- 
jor product is o-nitroacetanilide. Hydrolytic re- 
moval of the acetyl group gives the nitroanilines. 
Salts of aromatic amines can be nitrated. For ex- 
ample, nitration of aniline sulfate gives m-nitroani- 
line sulfate. 

Exhaustive methylation. Exhaustive methylation 
is one of a number of reactions of amines asso- 


ciated with the name of A. W. Hofmann. It j n . 
volves a sequence of reactions terminating in t |, e 
thermal decomposition of a quaternary ammonium 
hydroxide to yield a tertiary amine, usually trj. 
methylamine, water, and an olefin. It has b<><> n 
widely used as a tool in the determination of the 
structures of complex compounds (see Alkaloid 
and, to a lesser extent, for the synthesis of olefi ns 
The sequence of reactions is as follows: 

RCHjCHjNHj 3CH 'i> RCHjOH,N (OH,) jl~ - A ?°iu 

4- Mm# 

RCH 2 CH 2 N(CH.,)30H- ^ 

RCH-CH2 4* (CHahN f H 2 i, 

Tetramethvlaminonium hydroxide yields tri- 
methylamine and methanol on thermal decompose 
tion. The decomposition of higher homologous 
quaternary ammonium hydroxides follows the Hof 
mann rule: the olefin formed carries the fewest 
alkyl substituents on the carbon atom original 
P to the nitrogen. It should be noted that the Hof 
munn rule is the reverse of the Saytzeff rule whuh 
governs halogen eliminations. Thus, dimethv leth\l 
n-propylarnnioriium hydroxide gives ethylene dnd 
not propylene. Nitrogens adjacent to an an»mati< 
ring system are not eliminated hv the conventional 
Hofmann procedure. Aromatic ring lyMem* con 
taining a heterocyclic nitrogen must be 1 educed 
prior to application of the reaction. 

Preparation and occurrence. Commercial prep 

aration of aliphatic amines can be accomplished 
by direct alkylation of ammonia ( Hofmann method 
1849) or by catalytic alkylation of amines with al- 
cohols at elevated temperatures. K eduction of \ur 
ions nitrogen functions carrying the nitrogen in d 
state of oxidation higher than 3— fas in iimmonia 
and amines) also leads to amines. Such function* 
are nitro (3-H, oximino (1~), nitroso flf 1 and 
cyano (3 — ). Carbon is also reduced in cyano com- 
pounds. For the preparation of pure primin' 
amines Gabriel’s synthesis and Hofmann’** hypoha 
lite reaction are preferred methods. The Buchcrcr 
reaction (see Naphthylaminf. ) is satisfactory for 
the preparation of polynuclear primary aromatic 
amines. 

The methyl ami ties are widely distributed in na- 
ture where they arise probably as the result of 
decomposition of more complex substances. Thr 
diamines, putrescine, H 2 N(CH 2 )4NH2, and cadav- 
erine, H 2 N (CH 2 )»NH 2 , are responsible for the fa- 
daveral odor of decaying bodies. Many amine* 
of complex structure occur naturally. These ar f 
known as alkaloids. 

Gabriel 9 s synthesis . This is a method for the syn- 
thesis of pure primary aliphatic amines by the nv 
drelysis of an /V-alkyl phthalimide. The A-alky 
phthalimides are prepared by reaction of potas- 
sium phthalimide with an alkyl halide (prefer* >' 
a bromide). Gabrieli original acid hydrolysw * 
the phthalimide has been almost entirely replac 
by decomposition of the latter with hydrazine. 
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DihaliJfs X(C:HsUX, yield either o»-halua?nines or 
diamine depending on the molar proportions of 
halide and potassium phthaiimide. nr-Halogenated 
^ |pr , give phthaliinides which lead to a-amino 
,m hydrolysis. See Amino a* ids. 

Hofmann hspohalite reaction I his is another re- 
llt j„ n associated with A. W. Hofmann which fur- 
m-ho a convenient method for the preparation of 
pure primary amines of either the aliphatic or aro- 
matic series. In the over »H sense, it involves eon 
vM-ion of an acid amide to an amine with loss of 
carbon atom. The reaction proceeds through 
ik following stages. 

RCONH, * YiO\ >RCUMI\ f NaOH (1) 

KO»MI\ -f NaOll -• 

R N C Of NaX * 11.0 (2) 

R N C O \ 2NaOH OtNII, 4 Na*CO s (3) 

j]'k dn line arises hv hvdrolysi** of the isocyanate 
! funned |»\ migration of li from carhon to nit To- 
rn in step (2 l Sodium hvpohroinite is the com- 
imn laboratory reagent, hut the cheaper calcium 
iMmh hlorite is ust*d in commercial applications, 
mil as the manufacture of anthranilic acid from 
'hihalimide. When the preparation of higher ali- 
•hatit amines Ivy this method is attempted, another 
faction involving oxidation of the amine to a ni- 
nle hy the hypohalite occurs. This may he 
Voided bv substituting a solution of bromine and 
methoxide in methanol for the aqueous 
■opahalite. A substituted carhamic acid is pro- 
duccd which can be isolated and subsequently hv 
drub zed hy acid to the amine. 

Rr,) NH 2 4 Rr 2 4 2NaOC.H* — 

RNHCOOCHs 4 2NaBr 4 CHiOH 

^HCOOCHj *4 H*0 4- HCl — * 

RNHsCl -4 COj + ClIjOH 

fortius reaction. This is another laboratory 
^eihod for degrading a carboxylic acid to a pri- 
r ar > amine. In it the acid is converted to an acvl 
by one of two methods by which the azide 
P 11 fr goe$ loss of nitrogen with migration of R 
i ro,T1 c ®rbon to nitrogen as in the Hofmann hy* 
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pohalite reaction to give products which can be 
hydrolyzed to amines. 

RGOOH M *y* RCOC1 Na! ^ RCONa 

RCOOR' N,I ’ N, l!. RCONHNHj "-°J 

Nj f R - N— -C--0 — RNHj 


See Alkanolamine; Quaternary ammonium 

SALTS. [ I..B.C. ) 

Bibliography: R. Adams (ed.) t Organic Reac- 
tions. vol. 3. 194/). 

Amino acids 

Organic compounds possessing one or more basic 
amino groups and one or more acidic carboxyl 
groups. Of the more than 80 amino acids which 
have been found in living organisms, about 20 serve 
as the building blocks for the proteins. 

All the ainino acids of proteins, and most of the 
others which occur naturally, are <*-amino acids, 
meaning that an amino group t— NH*) and a car- 
hoxvl group (— COOH I are attached to the same 
carhon atom. This carbon (the or carhon. being 
adjacent to the carhoxvl group I also carries a hy- 
drogen atom: its fourth valence is satisfied b> am 
of a wideiariety of substituent groups, represented 
h\ the letter R in the following structural formula: 


R 

I 

CH 

/ \ 


H 2 N COOH 


In the simplest amino acid, glycine. R is a hy- 
drogen atom. In all other amino acids. R is an or- 
ganic radical; fc* example, in alanine it is a 
methyl group ( -Ob >. while in glutamic acid it 
is an aliphatic chain terminating in a second car- 
boxyl group ( — CH-j — Ola— COOH I. Chemitally. 
the amino acids can he considered as falling 
roughly into nine categories based on the nature of 
R l see table on the next page). 

Occurrence of conjugated amino acids. Amino 
acids occur in living tissues principally in the con- 
jugated form. Most conjugated amino acids are 
peptides, in which the amino group of one amino 
acid is linked to the carboxyl group of another. 
Thi* tvpe of linkage is known as a peptide bond; 
a n - decide of water is split out when a peptide 
bond is formed, and a molecule of water must be 
added when a peptide bond is broken. 


H, 

CH / H 

H\' V.-[oh V 
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Since each amino acid possesses both an ammo 
group and a carboxyl group, they are capable of 
linking together to form chains of various lengths. 
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Amino odds of proteins, grouped according 
to the nature of R 


Amino acids* H 


tilyrine 

Alanine, valine. 

leucine, imileucine 
Serine, threouiue 

Aspartic acid, 
glutamic acid 
Asparagine, 
glutamine 
Arginine, 
lysine 

Cysteine, cystine, 
methionine 
Phenylalanine, 
tyrosine 

Tryptophan, proline, 
histidine 


Hydrogen 

Cnau bat i luted aliphatic chain 

Aliphatic chain bearing a hy- 
droxyl group 

Aliphatic chain terminating in 
an acidic carboxyl group 

Aliphatic chain terminating in 
an amide group 

Aliphatic chain terminating in 
a basic amino group 

Sulfur-containing aliphatic 
chain 

Terminates in an aromatic 
ring 

Terminates in a heterocyclic 
ring 


• See articles on the individual amino acids listed in the 
table; the articles give the structure, biosynthetic origin, 
special properties, special functions, and pathway* of 
metabolic degradation 


called polypeptides. Proteins are polypeptides 
ranging in size from about SO to many thousand 
amino acid residues. The process by whic h pep* 
tides are formed from free amino acids actual I > 
cannot he as simple as pictured in the diagram, 
for a considerable amount of energy is required. 
This process is discussed later in this article. 

Although most of the conjugated amino acid* in 
nature are proteins, numerous small peptides also 
occur naturally, and many of these have important 
biological activities. For example, peptide-hound 
amino acids occur in coenzymes ( folic acid de- 
rivatives. glutathione), bacterial capsules (the 
polyglutamic acid capsule which contributes to the 
pathogenicity of RariUus anthracis) . horfhones 
(adrenocorticotropic hormone or ACTH. insulin, 
vasopressin, and oxytocin), fungal toxins (the to- 
mato-wilt toxin of Fusnrium . and the toxins of the 
poisonous mushroom Amanita phallnidrs ) . and 
antibiotics (chloramphenicol, suhtilin. bacitracin. 
polymyxinsK Gmjugated amino acids also occur in 
nature in the acylated form: that i*. linked through 
the amino group to the carboxyl group of an or- 
ganic acid. See Hormonf., adrenal cortex. 

Occurrence of free amino acids. Free amino 
acids are found in living cells, as well as in the 
body fluids of higher animals, in amounts which 
vary according to the tissue and to the amino acid. 
The amino acids which play key roles in the in- 
corporation and transfer of ammonia, such as glu- 
tamic acid, aspartic acid, and their amides, are 
often present in relatively high amounts, but the 
concentrations of the other amino acids of proteins 
are extremely low, ranging from a fraction of a 
milligram to several milligrams per 100 g wet 
weight of tissue. In view of the fact that amino 
acid and protein synthesis go on constantly in most 
of these tissues, the presence of free amino acids 
in only trace amounts points to the existence of 
extraordinarily efficient regulation mechanisms. 
Each amino acid is ordinarily synthesized at pre- 


cisely the rate needed for protein synthesis |j 
regulation mechanism has been found most 0 f t( 
to he one of feedback control; each amino Hv 
acts as an inhibitor of its own biosynthesis. )f * 8 
amino acid is formed in excess of that required f, 
protein synthesis, the biosynthesis of that amir 
acid is slowed down until the excess has been u s * 

In addition to the amino acids of protein, a v 
riety of other free amino acids occurs naturall 
Some of these are metabolic products of the anw 
acids of proteins; for example. y-amim.| M ii u 
acid occurs as the decarboxylation product ^ 
taniie acid. Others, such as homoserine and ( ,m 
thine, are biosynthetic precursors of the .umr 
acid* of protein. In many cases, however, the «>r 
gin and role of an unusual free amino acid ^ 
yet known. 

General properties of amino acids. At on!^ ;iI 

temperatures, the amino acid* are white < r\*ia]|„, 
solids; when healed to high temperatures. th«-v ,i 
compose rather than melt. Thev are stable m a ,, l:i 
ous solution, and with few exception* «a n i 
heated us high a* 120 ,J C for short periods H ,||, (ll 
decomposition, even in acid or alkaline soliiin 
Thu«. the hydrolysis of protein* can lie (arnerln 
under such condition** with the complete remwr 
of most of the constituent free amino .nub 1 h 
exceptions are a* follows; acid h\dml\*i* nt lu- 
tein destrovs most of the tivptnphan and *<>n^ . 
the serine and threonine, oxidize* c\*teinc in 
tine, and dearnidate* glutamine and ,i*|ur,ii!ii.f 
alkaline hvdrolvsi* destrovs serine, tlm-omne 
tine, cysteine, and arginine, and al*n causes d*\.'.„ 
dation*. 

Fnnntiomorphs. Since alt of the amino 
cept glvcine possess a center of n*\mmctr\ at i 1, 
nr carbon atom, they can exist in either of tv%n «■} 
tic-ally active, mirror-image form* or eiuiih 
morphs I srr StERKOCIIKMIsI H> ). All r»f the ...r:i 
mon amino acid* of proteins appear to h.n» 'b 
same configuration about the n carbon; thi- '■ 
figuration is symbolized h\ the prefix i. . I hi "i 
posite. generally unnatural, form is given th*- t' 1 ' 1 
fix D-. Some amino acids, such a* i*oleminc. tin 
onine. and hydroxyproline. have a second « ent»i " 
asymmetry and can exist in four stereobonuri' 
forms. The prefix alio- is used to indicate »n»‘ 11 
the two alternative configurations at the 
asymmetric center; thus. isoleucine, for rxaini 1 ^ 
can exist in the l. l.-allo. D. and D-allo foirn*. 

Unlike chemical syntheses, which lead to mn 

tures of r> and l forms.; biosynthetic pr<MC**e-^ 
variably produce optuuBy active amino acid* “ 
most amino acids, only&the L-isomer occur* 
rally; but in a few caf|es. the i) isomer i* 011 
also. For example, the Veil walls of certain ^ 
teria contain D-alanine ,and p-glutarnic am ■ ^ 
the D-isomers of phenylalanine, leucine. *crin«. 
valine occur in some antibiotic peptides. 

Ionic state. Another important genera 1’^ 
erty of all amino acids is their ionic 
basic amino group can hind a proton hom 

and karri mm a rntinn • the acidic cafboX) 



in please a proton into solution and hero me an 
n iun. At the isoelectric point (the pH at whieh 
,f niolec'ule has no net charge), amino acids exist 
; dipolar ions or zwitterions, while in strong acid 
dntion- the carboxyl group exists in the undisso- 
ia|l ,j form, and the molecule becomes a ration, 
f such an a*’*^* 1 ' solution is titrated with strong 
|Uli. * wo ^l hS<M ^ aJ * onR °f protons are observed. 

carboxyl group, having the weakest affinity for 
^ jiroton. dissociate* at a fairly low pH: its pK 
,|je pH at which half of the molecules are dis- 
( „iate<l) in most cases is close to 2.0. As more 
|Ul» |s added, the proton cm the amino group be- 
m* to dissociate; pK values for this dissociation 
.,<»ncrallv found c*lose to 0.. r ». When sufficient 
Ikali has been udded to pull off all the dissociable 
ir0 | On s. the arnino acid exists as ail anion : 


R 

; 

C 

HA 11 con 
Zw it t«*i inn 


R 

0 

/ * * 

l,N H COOH 
(Ration 


C 

! v 

11, N H COO 
\nn»n 


shim* the amino acids are ions, they can he pre- 
. ircil a** thi'ir salt-. For example, the titration of 
{M .uni nu acid solution with hwlrochloric acid 
Ill’ll lead*, to formation of the amino acid hvdro- 
hl-inilf. while titration with sodium hvdmxidc 
• YiUll) forms the sodium —alt : 


R O 

ii c: c -oh 

Ml/Cl- 

\mmu ,u i«l hydrochloride 


R O 

i 

h <: c o\v 

Nil? 

Sodium amino acid 


1 he '■tilt," are. in general, more soluble in water 
•»r ah t*hol than the corresponding zwitterions. 

Isolation and determination. Since most amino 

•loiUiMnir in c onjugated form, their isolation iimi- 
•ilh riMpiires their prior release in free form bv 
H f »r ulk.il ine hydrolysis. Hvdrolvsatrs of pro- 
" :i1 ' «t either polypeptides, or crude extracts of 

-animal, or microbial materials, serve a* the 
' ,,ir hnn point for the isolation in pure form of 
'Mr amino acids. Prior to the application of 


•niaiography in the earlv PJ40s, the isolation 
’l^' 1 am ' ,,n acid depended on slight differences in 
J M, * ,J htlities of amino acid salts in various sol- 
^ ,s <ind at different pH values. For example, the 
Jl( j , ( j‘ ,lum aspartic acid was accomplished by 
J ’nu an excess of calcium hydroxide to an aque- 
i|j "7 ,,,on aTn * no and then precipitating 

£"»* tts P«rlate with alcohol. 

although used sticresafully to iso- 
rU( *he common amino acid* of protein. 
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are diffic ult as well as tedious, and require rela- 
,,ve V lar W amounts of starting material. Chroma- 
tography, on the other hand, is simple, rapid, and 
capable of isolating amine# acids even when pres- 
ent in micrograrn quantities. Thus, rhromatogra- 
P ids been the method of choice for arnino acid 
isolation ever sinc e its first application by A. J. P. 
lartin and R. L Vf. Synge in 1941. .See Ciikoma- 
roc.RAI'IIY. 

Chromatography is carried out by using either 
cylindrical glass tubes f columns) packed with a 
porous solid, or In using sheets «f filt<- r paper. In 
the former inc-thod. the column is packed with anv 
of a variety of substances, suc h as starc h, powdered 
cellulose, nr cation-exchange resin, and is satu- 
rated with the chosen solvent. \ solution of amino 
acids i. allowed to percolate into the lop of the 
column, following whic h, solvent is forced through 
the column at a controlled rate. The solvent is al- 
lowed to flow cuit through an ripening at the bot- 
tom of the column, and the* eluate is caught in a 

scries of | f »„t tube". 

A given amino acid will have been eluted from 
the column at a .i»nr depending on its own < har- 
aeferi-tic rate* of movement, and will have been 
caught in one or a few tube": a different amino 
ai id will have been eluted into a r-eparate set of 
tubes. |o detect their presence. as well as to de- 
termine their exact qnantitv. a substance which 
react" with arnino acids to give a visible color is 
then added to each tube. The he*t such reagent 
i" ninhvdrin. which reacts with amino acids to pro- 
duce carbon dioxide, ammonia, and aldehyde, and 
forms a purple compound with the liberated am- 
monia. The amount of color which develops under 
standard condition* can then he measured in a 
photoelectric* colorimeter, and the precise amount 
of amino acid deWmined hv comparison with a 
standard curve ha.^d on reactions with known 
quantities. Figure 1 shows a typical separation 
achieved hv passing water adjusted to different 
pH y allies and temperature* through a column of 
cation exchange resin, collecting fractions and de- 
termining the amount of amino acid in each with 
ninhvdrin. 

The column method described above i* capable 
of giving the most precise quantitative data, and 
can handle relatively large quantities of amino 
acid*. For the analysis of mixtures containing only 
a few microgram* of eac h . niino acid, however, pa- 
per ■ hromatography is the simplest and mo«t rapid 
procedure, and can also he made quantitative. In 
this procedure, the mixture of amino acids is ap- 
plied as a drop of solution to a spot close to one 
corner of a sheet of paper. The sheet is then 
placed in a vapor-tight chamber with one edge of 
the paper dipping into a chosen, water-saturated 
organic solvent. The solvent flows through the pa- 
per by capillarity, water becoming hound to the 
paper and the organic solvent flowing past it. The 
arnino arid* travel through the paper as discrete 
aiHVts exactly as described above for their travel 
through a column. When the solvent has traveled 
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Fig. 1. Protein fractionation into amino acids in S. Moore and W. H. Stain, J. Biol . Chem., 211,893 - 

cation-exchange resin column chromatogram. ( From 9 06, 1954) 


to the opposite edge of the paper, the sheet is re- 
moved, dried, and sprayed with a reagent such as 
ninhydrin. The position of each amino acid is then 
revealed by a colored spot which appears when the 
sheet is heated. 

If the solvent used brings two or more amino 
acids to the same position, two-dimensional chro- 
matography is employed. The dried *heet is not 
sprayed, but is rotated 90° and is placed with the 
edge along which the amino acids are located in a 
second solvent. This solvent flows through the pa- 
per at right angles to the direction taken by the 
first solvent, and if correctly chosen, will separate 
those amino acids which stayed together in the first 
solvent. The sheet i> then dried and sprayed to lo- 
cate the amino acids, follow ing which the spots can 
be cut out with scissors and eluted with water in 
separate tubes, for colorimetric determination. A 
two-dimensional chromatogram of the amino ac ids 
of a protein is shown in Fig. 2. 

The determination of amino acids in extracts of 
natural materials, or in fractions such as those ob- 
tained chromatographically, can be carried out in 
a variety of ways. The ninhydrin method, described 
above, and the Van Slyke method are widely used, 
nonspecific procedures which work with most 
o-amino acids. In the Van Slyke method, the amino 
acid is treated with nitrous acid, producing equi- 
molar quantities of nitrogen gas; the latter is 
measured manometrically. Specific determination 
methods are available for many amino acids, how- 
ever. Microbiological assays are highlv specific 
and have been developed for almost every common 
amino acid. A microorganism which requires a 
specific amino acid for growth is inoculated into a 
sterile growth medium which contains all the nee- 
essary nutrients except the amino acid in question. 
A measured volume of the solution to he assayed i* 
added, and the growth of the microorganism i* 
compared with that produced in a series of tube* 
to which known amounts of the amino acid have 
been added. Growth may be measured in terms of 
the optical density of the microbial culture, or by 
titration of the acid produced during growth in 
assays employing lactic acid bacteria. .See Bio- 
assay. 

Specific enzymatic methods have also been de- 
veloped for some amino acids; for example, a spe- 
cific decarboxylase may be prepared, and the 
amount of an amino acid determined by the quan- 



KEY 


Arg - arginine 

His -- histidine 

Lys - lysine 

Ala alanine 

Mso methionine sulfoxide 

The - threonine 

Hypro - hydroxyproline 

Se - serine 

Gly - glycine 

Vol valine 

GA — glutamic acid 

les - leucines 

A A - asportic acid 

Ty ■ tyrosine 

Pro proline 

PA - phenylalo 


nine 


Fig. 2. Two-dimensional chromatogram of o protein- 
Pherol and lutidine used at solvents. (From 8 . 
Block, 1. Durrum, and G. Zwaig, A Manual of P°P* r 
Chromatography and Paper Chctrophorosis, 2d • ■' 
Academic Press, 1958) 
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t jty »f carbon dioxide (COj) produced by enzy- 
matic action. There, arc* also several specific color 
reactions; for example, arginine reads with o naph- 
ihol a*'d sodium bvpochlorile to form a red c om- 
pound. The specific methods are particularly use- 
ful. since they provide* both identification and 
quantitative determination in one operation. 

AMINO ACID METABOLISM 
Cell penetration. Until 1956. it was widely hc- 

|ic\cd that molec ules such as amino acids enter 
crib passively, obeying simple laws of diffusion. 
In that year, it was established that certain bac- 
teria. at least, have the power of acti\e)\ concen- 
trating amino acids against a gradient, so that the 
internal free* amino acid concentration mas hr as 
much as 1000 times higher than the external con- 
■ entration. This is accomplished b\ permeases, 
rn/vnielikr substance's localized somewhere in the 
cell envelope (cell wall and membrane la vers I. 
The permeases arc probably proteinaceous, recpiire 
a source of energy to operate, and appear to art 
ralalv f ii-all v. They are highly specific*, onlv one or 
two closely related amino acids being concentrated 
bv the same permease. Although so far demon- 
strated onlv in bacteria, it is very likely that they 
cyist in many other kinds of cells a** well. 

Biosynthesis. M.iM vpr. of living cells are aide 
to synllirsj/e at least some of tin* amino acids 
which they nerd for tin* synthesis of protein* and 
olhei large molecules: those which they cannot 
synthesize, they must get from their em irnnrnent. 
Kmthcrmoic. bacteria have a mechanism (feed- 
back control i whic h economically prtmits them to 
'hut otT th«* synthesis of an amino acid when it i* 
available in the medium. 

The actual metabolic pathyvays by which amino 
auds arc synthesized are presented in diagram- 
matic form at the end of the article. These path- 
ways generally are found to he the same in all liv- 
ing cclh in\ estigatrd. whether microbial or animal. 
Biosynthetic mechanisms thus appear to haw de- 
veloped soon after the* origin of life, and to have 
remained unchanged throughout the divergent evo- 
lution of modern organisms. The maior exception 
i s lysine, which is formed from aspuitic acid via 
'hauiinopimelic ac id in bacteria, hut from n-keto- 
jdutaric* ac id in the fungi. Indeed, the occurrence 
-°f diuminopimelic acid as a precursor of lysine, or 
as a constituent of proteins, or both, is a major 
taxonomic* property of the bacteria and the related 
lilue-green algae. 

Formation and transfer of amino groups. The 

l>i«»svnihelic pathway diagrams reveal onlv one 
M'untittttively important reaction hv which organic 
nitrogen enters the amino groups of amino acids: 
the reductive amination eff or-ketogluturie acid to 
fthitamic acid by the cnzvnic glutamic acid de- 
hydrogenase. All other amino acids are formed 
either by transamination (transfer of an amino 
ftffMip. ultimately from glutamic acid) or hv a 
Modification of an existing amino acid. An example 
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of the former is the formation of valine by transfer 
of the amino group from glutamic acid to <*-keto- 
isocaproir acid; an example of the latter is the 
reduction and cyelization of glutamic acid to form 
proline. 

Two other direct conversions of inorganic nitro- 
gen to amino acid nitrogen are known: the reduc- 
tive amination of pyruvic acid to alanine, and the 
addition of ammonia to fumaric acid to form as- 
partic acid. However, there is no evidence that 
eilhcr of these reactions is quantitatively important 
iri amino nitrogen formation, fn any case, am- 
monia is the onlv form of inorganic nitrogen which 
has been clearly shown to enter organic coin 
pounds directly; nitrate (NO, ). nitrite (NO- ). 
and nitrogen gas (V>) arc probably reduced to 
free intracellular ammonia before being converted 
to organic form in those plants and microorgan- 
isms which can use them as nutritional sources of 
nitrogen. 

I he principal mechanism of amino group trans- 
fer. transamination, is extremely important in 
manv phases of nitrogen metabolism. Although a 
great many transamination reactions are known 
fall or most naturally occurring amino compounds 
probably participate in transamination in one tis- 
sue or another), the actual number of transam- 
inase*- involved is uncertain. The few transami- 
nases which have been highly purified all catalyze 
amino group exchange between more than just one 
pair of amino ac id*. 

A true transaminase uses pvridoxal phosphate or 
pvridnxamine phosphate as cocnzyme: the amino 
group is transferred to the former, which then 
gives it up to the keto ar id ar ceptor: 



IN i nioxal IN ridoxamine 

pliM-phate phosphate 


\mir 



A different mechanism of amino group transfer 
occurs in the hiosvnthe*es of arginine and of ade- 
nylic acid: here, aspartic acid is added to a keto 
group to form a stalde intermediate; a second 
enzyme then cleaves the intermediate to fumarie 
acid plus the new amino compound (see the dia- 
gram of arginine biosynthesis at the end of the 
article). 

There is one either important route by which am- 
monia enters organic compounds, and that is by 
way of the amide group of glutamine. This group is 
formed by the direc t addition of ammonia to glu- 
tamic acid, the necessary energy coming from the 
breakdown of adenosinetriphosphate (ATP), first 
to adenosinediphosphate (ADPh then to inorganic 
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phosphate. Once formed, amide nitrogen can be 
transferred to suitable acceptors to form precur- 
sors of the purine and histidine rings, as well as to 
hexose 6-phosphate to form glucosamine 6* phos- 
phate. 

Asparagine is another important amide, but the 
mechanism of asparagine formation is still in some 
doubt, and the only known product of the aspara- 
gine amide group is free ammonia. Glutamine is 
also readily deamidated to ammonia; both gluta- 
mine and asparagine serve as important storage 
forms of ammonia in higher plants and animals, as 
well as being constituent amino acids of proteins. 

Degradation* Many types of animal, plant, and 
microbial cells degrade amino acids completely to 
carbon dioxide, ammonia, and water. In some in- 
stances, however, the degradation pathways are in- 
complete, and organic products accumulate. The 
degradative pathways are described in the articles 
on individual amino acids; some general features 
of these pathways will he mentioned here. 

Deamination . in many cases, the first step in the 
breakdown of an amino acid is deamination, the re- 
moval of the amino group, in oxidati\e deamina- 
tion, this process involves the simultaneous (or 
priori removal of two hydrogen atoms; hydrolysis 
then leads to keto acid formation: 

R CH- COOII ~ 2H R C-COOH 

l r 

NH, . Ml 

(hypoilictiral intennadi.U*) 
i HiO 

R — C— COOH f MI, 

•i 

6 

When the deamination enzyme is a dehydro- # 
genase. such as glutamic: acid and alanine dehydro- 
genases, the hydrogens are transferred to a pyri- 
dine nucleotide coenzyme. The D-amino ac id and 
L-amino acid oxidases, on the other hand, transfer 
the hydrogens to flavin coenzyines which then re- 
duce oxygen to hydrogen peroxide If 

H 2 O 2 is not removed (for example, by catalase), 
it oxidizes the or-keto acid to the next lower 
homologous acid : 

R- C -COOH + H 2 0 2 RCOOH 4* C0 2 4- H 2 0 


Many apparent oxidative deaminations probably 
represent a series of reactions, perhaps involving 
transfer of the amino group by transamination to 
glutamic acid, and deamination of the latter by 
glutamic acid dehydrogenase. 

Deamination can be nonox idative and even re- 
ductive. Amino acids which have a hydroxyl or 
sulfhydryl group can lose a molecule of water or of 
hydrogen sulfide; the unsaturated product spon- 
taneously rearranges to an amino acid and hydro- 
lyzes to the keto acid. Serine, threonine, homo- 


serine, cysteine, and homocysteine are deam inuteri 
in this way; for example, serine deamination ran 
be written 

CH, CH COOH 

I I 

OH NH, 

CH, C COOlfl + "~*CH, C coon 

!! li 

Nil J 0 

Reductive animation is known in the cum; of rer 
tain anaerobic bacteria which carry out reaction 
of the following type: 

R CH COOH +2H R CH, COOH + M| t 
Nil, 

They generally obtain the two hydrogens h\ o\iri tl . 
tion of a second amino acid molecule, hut are capa- 
ble of using gaseous hydrogen also. 

In many instances, amino acids undergo rail»o n 
chain alteration before being deaminated; foi < \ 
ample, tryptophan is split to indole plus serine, and 
the latter is then deaminated. Deamination pro<| 
ucts are usually keto acids, which are in lum 
oxidizahle hv a series of reactions to vield cnif*on 
dioxide and water. Their degradative pathway of 
ten merge with those for carhohvdrates and fat|\ 
acids: for example, pvruvate. nr-ketoglutaiate. n; 
acetyl GoA (aeetvl eoen/vme A I are often fomml 
The oxidation of these key intermediates i* <1, 
scribed in the articles on curhohvdrute metabolism 
See C A K HO II YHH ATK M KT A HOI |s\|. 

Decarboxylation. Another route of attack on 
amino acids begins with their decarhoxy latimi to 
the corresponding amines. Decurlmw Inse- an 
known for many different amino acids; the\ jh- 
usually highly specific, attacking one or a feu 
closely related compounds. Although of minor 
quantitative importance in amino acid degrad.i- 
tion. decarboxylation mav produce products "t 
physiological importance; for example, histidine 
is decarboxylated to histamine. which is active in 
producing various inflammatory responses of am 
rnal tissues: 




Gila G COOH 

I 

NH 2 


hc c- -rjijCH cooii 

: ! i 

UN N NHf 

c 


H 

Histidine 


HC ^-. C CH-CH, 
|,| 14 (.(»: 

HN N NH, 

\ .J’ 


i 


Histamine 
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Pyruvic acid 


a-Ketoglularic acid 


Alanine 
racemate 

l .-Alanine i)-AIanine 



Pyrin ic acid 

Diagram showing the actions of transaminases and racemases on substrate? 


The bacterial decoin posit ion of protein often 
tirldU foul-smelling amines through the action of 
jniino acid decarboxylases. The aptly named pu- 
jif'.cine, for example, is the decartmx) lation prod- 
m i ,>f ornithine. Amines may themselves he enzv- 
malicallv degraded: amine oxidases are widely 
JMrihuted. anti attack amines to form the corre- 
sponding aldehydes and ammonia: 

RCIkNH, f O, - IKCH \11| 4 H,n, 

[4 11-0 

RCHO t Ml, 

\nl»* the production of hydrogen peroxide. t>pical 
.if flavin en/wnr action. The aidehxdir products are 
j.rcsiiinahly oxidjzahlc to • aibon dioxide and water, 
allowing oxidation to the homologous acid*-. 

Racemization. Enzymes which act on amino 
,i, hU. -m h u- transaminases, dehydrogenase-, and 
.i\nlii-c-. are highly specific for the cleric con- 
ii^ui.ition of the substrate, n-amino acid oxidase, 
*i.r example, ads on a wide variety of n-amino 
j. id-, hut has no detectable activity on llieir i.- 
i-hiiici*. The exceptions to this rule are the race- 
which catalyse a rapid intercom er-ion of 
•hr D- and i.-isomeis of a particular amino arid I see* 
'.hr diagram showing the actions of racemases and 
ir.in-aininases on substrates \ . Alanine racemate, 
'or example, acts on either n- or l.-alanine to form 
t he racemic mixture m.-alanine. Racemases are 
U'»wn lor alanine, glutamic acid, methionine, dia- 
minupimelic acid, and threonine; all ha\e been 
••‘dated from bacteria. .See Rackmi/xtiov 
I lie function of the racemases seems to he that 
‘‘1 providing the cell with the needed n-isomers. 
Flu- cell walls of certain bacteria contain n-ainino 
notably n-alanine and i>-glutamir acid. One 
•'“icrium. Bacillus subtilis . excretes a polvpep- 
udr of.n-glutamic acid, and in this case, the inter- 
‘‘•ting observation has been made that alanine race- 
Fim-f is responsible for the presence of ivglnta- 
mate. 

Conjugation. The conjugation of amino ucids to 
f° r Fn peptides requires prior activation of the 
anun “ acids in order that the reaction may proceed 
^wmically. Enzyme systems have been found 
react amino acids with ATP, attaching ade- 
,^ r ac *M to the carboxyl group in an energy-rich 
j Such nucleotide-hound amino acids are 
Prnhahly capable of reacting together to form pep- 


tides, and an* believed to he intermediates in pro- 
tein synthesis. 

In addition to possessing enzymes for the activa- 
tion of amino acids, living cells must also have an 
elaborate mechanism to ensure that the amino 
acid- ure linked together in the correct sequences, 
for the specific activities of protein* depend on the 
order of the amino acids in their chains. This pat- 
tern izat ion process requires the participation of 
nucleic acid, which is an essential constituent of 
gene- and chromosomes. Nucleic acid* (there are 
actually two distinct types ) are. like proteins, 
mixed polymers A very great chain lengths [see 
Nt rt.K!< Mint. Instead of amino acids, however, 
the building blocks are nucleotides. Four different 
nucleotides are u*cd in the construction of a nu- 
cleic acid molecule, and the sequence in which the 
four types occur along the chain constitutes a sort 
of chemical code. This code i* faithfully repro- 
dm ed when gene* self-duplicate, and it provides 
the information which somehow dictate* the se- 
quence of amino acid residues in protein*. The 
mechanism hv whic h nucleic acid controls patterni- 
zation of the amino acids in proteins is one of the 
central problems of biochemistry, and is the sub- 
ject of muc h modern research. 

Role of vitamin B*. Almost everv nonox idative 
en/.\me that acts direc tly on amino acid? requires a 
form of vitamin Br. as coenzxme l see Vitamin B#,l. 
Vitamin B». fas defined on the basis of nutritional 
activity) exists m several alternative forms: the 
en/.xmatieally active form is pvridoxal phosphate; 
py ridoxamine phosphate is also actiye in tran-ami- 
nation since here the coenzyme function involve* 
the rcver-ible gain of an amino group. 


CHO 


HjOjB — 0— H S C 



Pyiidoxal phosphate 


HjOjP 



Py ridoxamine phosphate 
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H 

R — C — C00“* 

i . 

NH, + 


HCO 


H,0,P-0-H,C Vvo' 


Mb" 


H,o a i*— o— h s c 


ii"™- 



Pyridoxal phosphate SchifTs base 

Formation of a SchifTs base from pyridoxal phosphate and an amino acid 


The amazing activity of pyridoxal phosphate in 
transamination. decarboxylation, racemization, de- 
hydration. and various cleavage reactions of amino 
acids is believed to be due to its ability to form a 
Schiff base with the amino acid and a polv valent 
metal ion. a< shown in the diagram above. 

Depending on the nature of the apoenzyine. there 
is a specific displacement of electrons with a result- 
ant rearrangement of bonds, following which, the 
coenzyme and products dissociate. 

AMINO ACIDS IN NUTRITION 

The nutritional requirement for the amino acids 
of protein can vary from zero, in the case of an 
organism which synthesizes them all. to the com- 
plete list, in the case of an organism in which all 
the biosynthetic pathwavs are blocked. The eight 
or ten amino acids required by certain mammals 
a.e discussed elsewhere; mo>t plants svnthesi/c all 
of their amino acids, while microorganism** vary 
from types which synthesize all. to others L-uch as 
certain lactic acid bacteria) which require as many 
as 18 different amino acids. .See NYmiTinv 

It seems likely that when life first originated, 
amino acids were taken from the rich organic me- 
dium which the oceans then offered, and bio- 
synthetic abilities evolved onl> slowly as the sup- 
ply of exogenous materials became depleted. A 
stage must have eventually been reached, however, 
at which all the amino acids were being synthesized 
metabolirallv. and none was required nutritionally. 
As evolution progressed, food chains develr#ped. 
and some form* of life became adapted to obtain 
many of their organic nutrients at the expense of 
other living forms, either directly or indirectly. In 


these dependent types, mutations had omim-d 
causing the loss of specific biosynthetic en/\Ti lrs 
and lienee the gain of nutritional requirement-. It 
is easy to duplicate this process in the lahoratuiv 
a microorganism with full biosynthetic .ihilitv , 
be induced to undergo random mutations. lUH ] 
selective methods can then be used to ivnl.u,. 
mutants requiring amino acids, vitamins, m «,tb« > 
normal metabolites. In every case, it is f«i l)m j 
that a given mutation deprives tin* cell of a 
biosynthetic enzvme. blocking the reaction uln<(. 
that enzvme catalv/es and thus the entire p,illnv.p 
of which that reaction is a pail. .Sec Kvmi iio\ 
om:* vtr ; I .IKK. OIUUN 01 . 

lit summarv. the nutrition of main organi-rr- 
must include the provision of gmwth factors win. i: 
are defined as organic compound- winch die or 
ganisin requires for it- growth but wbuh it i.n> 
not svnthesi/e for itself. (Growth factor rcijmi* 
merits reflect the heritable los- of hio-vniln*ii< cm 
/.vines, as the Jesuit of gene mutations. \nim« 
acids are typical growth factors for mam org.in 
isms. 

The one exeeption to this general rule i- tli« 
growth factor requirement which le-ult- fmni iL» 
presence in the environment of a metabolic iiilu!" 
tor. For example, a certain strain of bacterium 
very sensitive to inhibition h\ valine, and tin- m 
hibitiou can be overcome bv isoleucine or Jem iie 
In the presence of valine, then, thi- -train rminii*' 
isolcin inc or leucine for growth. I here are in. nr* 
such antagonisms between amino acid-, with the 
result that organisms which require seveial anum* 
acids must receive them in b<i lamed amount- am 
one in excess may prove inhibitory. 


GRAPHIC PRESENTATION OF BIOSYNTHESIS OF AMINO ACIDS 


The amino acids are grouped into families on 
the basis of their common biosynthetic origins. Ly- 
sine is shown in two families, because its biosyn- 
thesis in bacteria differs from that in fungi. 

Intermediates which are hypothetical are shown 
in brackets. The notation — 2H or -f-2H refers to 
the removal or addition of two electrons and two 
hydrogen ions with the aid of either DPN fdiphos- 
phopyridine nucleotide) or TFN ( triphosphnpvri- 
dine nucleotide), both of which are coenzyines of 
hydrogen transfer. 

Symbols: ~Ac, coenzyme A bound acetate; 
PRPP, phosphoribosyl pyrophosphate; CAP, car- 


hatnvl phosphate; ATP. adenosinclriphospliaic. 

An arrow between two compounds in lh r f 1,1 
gram does not necessarily imply a single rn/'im'ln 
reaction. In many cases, thur arrow represent- 1 1 
quence of reactions for wfcieh the interinc’diat^^ 
are unknown. I K - A - A!>M nl . R< j 

Aromatic family. This ffemilv is coinpo-edj^ 
phenylalanine, lyrosine. tryptophan, and two "t ^ 
important metabolites, p-aininohenzoic acid am 
hydroxy benzoic acid. The initial precursors ,,r . 

biosynthesis of these amino acids, phospm^ 
pyruvate and n-erythrose 4-phosphate, aie n irtl1 
lites of glucose rataliolism. 
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Although the intermediates below have all been 
pnlatftl and identified, not all of the enzymes 
i particularly those involved in ehorismie ac id me- 
tabolism ) have been studied. It is probable that 
jj.hydroxybenzoir ueid and piephenie arid are svn- 
lliesi/ed directly from ehorismie ac id by a single en- 
Willie reaction and p-amimiben/oie ac id may aUo 
[„• a direc t metabolite*. It is c ertain that other as 
M’t unidentified intermediates exM in tin* patbv\a\ 
|„>t\M'en ehorismie aeid and anthranilie ac id. 

iwo dilTerent en/.\mc*s feu the* conxoiMon of 
diuri^niie ac id to prephenie aeid have been dem- 
„iMiutcd in mic roorganisms. One of the'**, cnzvmcs 
Mintrcdled by the* pool sj /*• of two-ino. while the 
other is controlled by phenv lalanine. 


The glyc erol phosphate side rhain of indoleglyc- 
erol phosphate derived from phosphorihosyl pyro- 
phosphate can be exchanged directly for serine 
without the formation of free indole as an inter- 
mediate. In the absence of serine, the enzyme lib- 
erates free: indole from indoleglyc end phosphate 
and the same enzyme will condense indole with 
serine to form tryptophan. 

I here is some evidence for file existence of an 
anthranilie acid tryptophan cyc le in microorgan- 
isms. Fornix Ikynurenine produced by the action of 
trxptciphan pvrmlasp on tryptophan can regenerate 
tiiitliianilic acid by the cornbined action of kynu- 
icninase and kvnurenine formamidase. 
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a-KetOglutaric acid family. This family is com- 
posed of glutamic acid, proline, lysine, and argi- 
nine. 

(1) In yeast and other fungi, lysine is formed 
from a-ketoglutaric acid plus a G„> fragment de- 
rivable from acetate. It has been proposed that a 
series of reactions is involved, analogous to the for- 
mation of a or-ketoglutaric acid from oxaloacetic 
acid via the tricarboxylic acid cycle; if <r-keto- 
glutarate replaced oxaloacetate in that sequence, 
the product would be ct-ketoadipic acid. Lysine is 
formed by a different pathway in bacteria (see fol- 
lowing section on aspartic acid). 

(2) Presumably by transamination. 

(3) May involve a reversal of the five-step se- 
quence shown for the metabolic degradation of 
lysine (see Lysine). 


(4) This reductive amination is the main source 
of organic nitrogen for most microorganisms. 

(5) The cyclization takes place spontaneously 

(6) The acetylation of glutamic acid prevents 
cyclization at the next step and permits the eve n . 
tual formation of ornithine. This mechanism h as 
been demonstrated in Escherichia co/i, but il. )rs 
not take place in the fungus Neurospara; tl 1( . 
fungus appears able to form ornithine via the non- 
acetylated intermediates. 

(7) Transamination. 

(8) Carbamyl phosphate (CAP), 

0 

II 

NH 2 C O-POj h 2 

is formed from ammonia (NH.i). CO-, and ATP. 
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Aspartic acid family. This family is composed of 
aspartic acid, lysine, threonine, methionine, and 
isoleucine. 

(1) Aspartate arises principally by the trans- 
amination of oxaloacetate. In plants and in some 
microorganisms, it is formed by the direct amina- 
tion of fumaric acid. 

(2) Aspartic acid furnishes a major portion of 
the carbon of diaminopimelic acid, but it is not 
known at which step the branching of the biosyn- 
thetic pathways takes place. 


(3) In bacteria, and presumably in hluc-^' n 
algae, lysine is formed by decarboxylation of 1 
aminopimelic acid. In fungi and in higher aninw 
lysine is formed by a different route as seen a ,m( 
in the a-ketoglutaric acid family. 

(4) This series of reactions, which lakes P ® ^ 

in microorganisms, is the reverse of that « ise 0 
cysteine formation in animals. , 

(5) A scries of reactions probably ,n '® v 
transfer of an active formaldehyde group ri 
serine, followed by reduction. 
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(6) Intramolecular rearrangement and reduc- (7) Transamination from glutamic acid. The 
tion in a-aceto-a-hydroxyhutyric arid take place in same transaminase functions for the keto acids of 


one step. 


both isoleucine and valine. 
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Serine family. The serine family is composed of 
serine, glycine, cysteine, and tryptophan. 

(1) Transamination from alanine. There is 
equal evidence for a second pathway in which 
dephosphorylation precedes transamination. 

(2) The terminal group of serine is transferred 
to tetrahydrofolic arid (THFA) to form A* ( 1 0 ) - 
hydroxynieth)l-THFA. In this form, it can be trans- 
ferred at various levels of oxidation, for biosyn- 


thesis of compounds methionine, purine, and thy. 
mine. 

(3) This reaction, inferred to occur in micro, 
organisms, is yet to he directly demonstrated. I n 
animal tissues, serine receives the sulfhydryl group 
by transsulfuration from honjocysteine which is 
formed in uniinnl tissues from dietary methionine 

(4) See aromatic family for considerations () f 
this reaction. 
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Pyruvic acid family. This family is composed of 
valine, leucine, and alanine. 

(IT Intramolecular rearrangement and reduc- 
tion take place in one step. 

(21 Generally by transamination from gluta- 
mate. although cases of direct reductive animation 
with ammonia have been cited. 

3t A single enzyme, dihydroxy acid dehy- 
drase. catalyses the dehydration of both the No- 
Oll 


leucine and valine dihvdrow acid precursors. 

( Phe complex series <>t reactions involved in 
the fnimation of o-ketoNocuprnjc acid is e\acll\ 
analogous to the steps in tin* t iliic ai id t wlc lend- 
ing to formation of a-kctuglutaialc. with the kdu 
acid taking the place «d oxalo.o elate. 

(ol Transamination from glutamate. The \al 
ine transaminase a No functions in Nnleucinc hi» 
synthesis. f r. \. \nmniu. ! 
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a-Ketoiso valeric acid 


Valine 
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IK oil 

IK. on 

Ul 2 np 

Phosphoribulosyl 

formimino 

AIC-R-P 


S ' \--KI 

1 1 2 N ~ * =0 NH* 

Aminoi midazole 
carboxamide 
ribonucleotide 
(AIC R P) 
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\ 

IK \ 

\ 

IK \ 

IH. \ 

IK - \ 

IK - \ 

( II 
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;; (ii 
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t 11 
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( \ 

DPN ' 
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( N 

SH 

// 

( \ 

Ii '/ 

< ~ \ 

1 

II.* 

♦ - ( II » «■ 

! 

- Ul. v - -* 

Glutamate 

( 7 * 

* Mn" 

IK nil 

IK OH 

ML 

IK Ml, 

ik’mi_ 

( - (1 

IK nil 

IK ( m 

• mil 

i II am 

(HJH 1 

• 11.1*1* 

( llj( »l ' 

CHmK 

Histidine 

l Histidinol 

t Histidinol 
phosphate 
(HP) 

Imidazole 

acetol 

phosphate 

(IAP) 

D Erythro 
imidazole 
glycerol 
phosphate 
(IGP) 

D- Erythro 
imidazole 
glycerol 
phosphate 
(IGP) 


Histidine biosynthesis. The pathway of hi<ti- 
linn nthcM« shown abo\e is known to occur in 
'li'* mold Mnirospora and in colifonn bacteria. It 
dv»uld be noted that tin* imidazole ring of hi^iiciint* 
i' Wined liy the pathway anti i* not derived from 
'lif* fi-membered ring of adenosine triphosphate 
'TIM. [n. w. k. smi ml 

ftihliuf'raphyi B. X. Ames and l\ K. Hartman. 
* "hi Spring Harbor Symposium on Quant. Biol., 
:W. J%d; [>. W. K. Smith am! B. N. Ames. 
1 "/ Hiol. Chan., 239: 1848, 1%4. 

Amino resins 

Ktsins prepared liy the condensation of a com- 
pound containing an amino group ( — NHl* 1. such 
Uv urea, with an aldehyde. Sec Urka-formai.dk- 

ttVfJF-'l Yfi, RKMNS. (j. A. M ANSON ; L. M. HORRS] 

Para-Aminobenzoic acid 

'•impound with the structural formula 
Ml 2 

IK/ Mji 
,U; -. f 

I 

C.OOII 


ab«- known as F VBA. usually considered to be a 
water-soluble vitamin. It i* widely distributed in 
foods anti lias been isolated from liver, yeast, and 
other sources rich in vitamin B. There is 
doubt. howe\cr. that it i* significant as a nutrient. 
In the earl\ 1940s a considerable literature con- 
cerning l lie role of p-aminobenzoic acid in curing 
deficient) disease was obtained, but it is now 
known that this effect was due in great part to 
other vitamins, particularly folic acid, about which 
little was then known, p- Aminohenzoie acid is a 
part of the folic acid molecule, and its presence in 
a folic acid deficient diet results in increased in- 
to -* nal synthesis of the folic acid. 

p-Aminobenzoic acid antagonizes the bacterio- 
static action of sulfonamides. Because of the simi- 
lar chemical compositions of these substances, it is 
probable that the sulfonamides function at least in 
part by displacing p-aminobenzoic acid in bacterial 
enzyme s> stems, p- Aminohenzoie acid is an effec- 
tive antirickettsial agent and has been used to 
treat typhus, scrub typhus, and Rocky Mountain 
spotted fever. There is no evidence that man has a 
dietary requirement for this vitamin. See Folic 
acid: Rickf.ttsioses; Sulfa drugs. 

[s. n. cershoff] 
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para-Aminophenol 

A phenol in which an amino (— NH 2 ) group is 
located on the benzene ring of carbon atoms para 
(p) to the hydroxyl (—OH) group. 


OH 

! 



p-Aminnphenol 


p-Aininophenol reacts with both acids and bases, 
and is therefore amphoteric by definition, it is 
produced by reduction of p-nitrophenol with iron 
powder and hydrochloric acid 

P-mcjum t pin kvknHi 

or by electrolytic reduction of nitrobenzene in sul- 
furic acid solution 

C 1 H 1 NO 1 [C«H»NH0HJ - A ^ /)-IIOC«H 4 NH a 

It has strong reducing properties, which lead to its 
discoloration by air in neutral or basic solution, 
but which also make it a useful photographic de- 
veloper. It is also an intermediate used in dye 
manufacture. .Sec Phenol. [r.b.< ] 

para-Aminosalicylic acid 

A chemical compound used in the treatment of 
tuberculosis, para - Aminosalicylic acid I PAS) was 
synthesized in 1901. The first evidence of its 
therapeutic usefulness was a report in 1940 in the 
treatment of human tuberculosis. The drug is one 
of the mainstays in the combined therapy of tu- 
berculosis. being used simultaneously with cither 
isonicotinic acid hydrazide or streptomycin. 

Interest was created in derivatives of salicylic 
acid and benzoic acid when it was shown that these 
two substances greatly increased the oxygen uptake 
and carbon dioxide output, reflecting metabolic 
activity, of the tubercle bacillus. A study was made 
of the chemical relatives of salicylic and benzoic 
acids, as possible antimetabolites, or antagonists, 
of the tubercle bacillus. PAS represented the most 
effective analog of salicylic acid. 


COOH COOH COOH 



Salicylic acid p-Aminosalicylic p-Amino* 
acid benzoic acid 

PAS produces a marked inhibitory effect on the 
tubercle bacillus in vitro. However, this action does 


not depend upon interference with salicylic arid 
metabolism. PAS, like the sulfonamides, seem* t„ 
owe some of its antibacterial potency to an inter 
ference with the utilization of the bacterial nutri- 
ent, p-aminobenzoic acid, which it resembles chem- 
ically (5ce i*ara-Aminohknzoic acid). 

Except for gastric irritation from large quan- 
tities necessary in the therapy of tuberculosis, and 
for occasional allergic reactions, PAS is relativrh 
free of side effects in hitmans. It is limited in jj s 
range of usefulness, however, by the emergence (J f 
strains of organisms resistant to its effects. \ T 
Cll KMO 1'tlKR AI*Y ; IsoMt Ol lMC ACID HYIMIA/IDL; 
Streptomycin. [ (t ( 

Ammeter 

An electrical instrument for the measurement of 
electric current. In the usual indicating ammcicr. 
an electromechanical s\ stern causes a pointer 
to traverse a calibrated scale, its position mi the 
scale indicating the value of the current. 

Several kinds of ammeter mechanism an* u*#‘<l 
for different kinds of current, different application*, 
and differing degrees of accuracy. 

Permanent-magnet movable-coil. Ammeter* of 
this tvpe are used universally for the measurement 
of direct currents. It is developed from the f)'\i 
snnval movement (see (i ai.vanomm er i . Figure li 
shows the general arrangement of the rnrrham*in. 
Fig. l/> is a tvpicul instrument. In the mechani*ni 
an external permanent magnet produces a uni 
form radial rnugrietii field acioss the air gap 
through which the coil rotates. With an air-g.tj 
flux density of li gauss, the torque produced h\ .1 
current of / amperes through /V turns in the r * 
fating coil is 


T 


B2RUM 

in 


iur\ 

10 


dvne-cm 


where L is the length of the active conductor. H 1 - 
the radius of action of those conductor". and .1 i- 
the effective area r»f the moving coil. 

It is important that the magnetic system he "5 
such materials and proportions that a mutant 
flux density is maintained in the air gap. F «»r 
older tungsten *teel magnets, the ratio of the nug 
net length to air-gap length, times the ratio of th** 
air-gap cross section to magnet cross section «houl«l 
he more than 100 for a permanent magnetic s\*t« j ni 
For the Alnico permanent-magnet alloys with their 
high coercive force, however, this product can l^a- 
low as 10 for a stable The resulting 

magnet can then be placed iiside the rotating y ul 
a* in the core-magnet system of Fig. 2. H |J ' 
densities typically range front 1500 gauss, in *ina 
instruments, to 5000 gauss in larger systems h»r 
special uses. , . 

In fig. 1 the coil is usually wound on a nicta 
form, and swung on highly polished steel or har^ 
alloy pivots between V-cup jewels or hearing* " 
sapphire or hard glass. Bronze springs ser '|‘ ^ 
carry the current in and out of the coil as we A 
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fig 1. (a) Permanent-mognet movable-coil mechanism, 
b Typical instrument, I Weston Instruments, Division of 
daystrom, Inc.) 


!" nppn-e the electrical torque. re- tilling in a de- 
flation proportional to the eoil current. The roil 
turn- rnay varv from as few as 15 to as many as 
"MHi; wire si/e in turn mav be as small as 0.0006 
ni in diameter for roils of 1000 turns or more. 

Obviously very weak control springs would allow 
f'»r a normal deflection on the low torque produced 
!•' onlv a few microamperes in the coil. But the 
Iihom limit of useful torque is that which will over- 
">mr the residual hearing friction by a factor of 
s e\<»ral times the expected accuracy in terms of 
dctlerfinn. This sets a definite lower limit to a 
pivotrrl- instrument, which is usually in the order of 
^ 20 j , a full scale in a coil of several thou-and 
"Inn- resistance. 

Ih* 1 high limit of current through the coil i- set 
,v l hf rnial limits; about 0.03 amp is the maximum 
!' ,,rrpnf in a moving coil. For higher values the 
'^trurnent is shunted: that is. the bulk of the 
,,,rrem is bypassed around the moving coil through 
^"nt, with only a definite, fraction of the current 
trough the moving coil itself, 

”ithin the limits given, the permanent-magnet 
j”°vable-coi| ammeter for direct current has high 
or n»e, good accuracy, and is made in models vary- 


ing from a 2-in. diameter panel type to the large 
laboratory standards accurate within 0.1%. 

Polarized-vane ammeter. This instrument, 
shown in Fig. 3, is of only moderate accuracy. It is 
used in large numbers in battery chargers and auto- 
mobiles because of its low cost. Current through 
the small coil distorts the field of the circular 
permanent magnet; the iron vane aligns itself with 
the axis of the distorted field, the deflection being 
roughly proportional to the current. Reversed elec- 
trical polaritv reverses the direction of motion; the 
instrument thus indicates current flowing into or 
out of a battery. 

Electrodynamic ammeter. This is also a mov- 
able-coil instrument, but the coil rotates in the 
magnetic field produced by a fixed coil. The instru- 
ment responds to alternating as well as direct 
current, and is thus a transfer instrument (see 
Ei.kc.tkody n a m ic insthi'mknt > . Such instruments 
are precise and mav be calibrated accurate]) and 
used for secondary standards, but the magnetic 
field of the fixed-coil system is relatively weak. 60 
gaus- being a common value. The controlling forces 
are thus much lower than in other types and the 
electrodvnamic ammeter is mainly used in the 
laboratory for calibrating the more rugged type-. 



Fig. 2. Core-mcgnet version of permanent-magnet 
movable-coil mechanism, (a) Magnetic system, (b) Cut- 
away view. iWesfon Instruments, Division of Daystrom, 
Inc.) 



stationary current coil 


Fig, 3. Polarized-vane ammeter mechanism. (Weston 
Instruments, Division of Daystrom , Inc.) 
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Fig. 4. Development of repulsion-vane or moving-iron 
alternating-current ammeter mechanism. (Weston In- 
struments, Division of Day strom, Inc.) 


Soft-iron ammeters. These are widely used fur 
alternating-current measurements. Figure 4 shows 
the development of the pure repulsion t>pe into the 
circumferential vane mechanism and the so-called 
book type. Figure 5 shows the latter with pointer, 
control spring, and damping vane on the moving 
element. 

Requiring about 300 ampere turns for full-scale 
deflection in the larger M/es. the common 5-amp 
range will have a 60-turn coil of 0,06-in. diameter 
copper wire, ample to carry even considerable over- 



Fig. 5. Typical repulsion-vane or book-type ammeter 
mechanism. (Weston Instruments , Division of Daystrom, 
Inc.) 


loads. The iron vanes tend to -atur.ifr inagnetii ,i|l\ 
on overload and thereby act as further mciln;u| 
protection. Actuating force- are high, and unlv tin- 
limitations in the iron vanes in responding 1 1\ 
to the toil curient limit the accuraev. 'I lie im.-i 
accurate instrument-* of this tvpc ate a<< male 
within 0.2.V . 

On direct current, iron-vane in-tr iirnml- tend i«. 
read low on increasing current and high on <!••- 
creasing current due to hv-fere-is in the vain 1 - 
Iron-vane instrument- -lion Id theiefore alwav- }••■ 
calibrated on alternating current using an » J* < 
trodynamometer standard. 

Thermal ammeters. Smh ammeters function 
through the medium of the heat generated l»\ the 
passage of electric current through a resistance 
element. Farly hot-wire ammeter- contained a plat 
inurn allov nr other resistance wire, heated hv the 
current in question. The rise in temperature «»l 
the platinum caused it to expand, and it- linear 
increase was amplified by a mechanical lever *v w 
tem to cause a pointer to travel across a -cal» j 
calibrated in ampere-. Although useful up to \en 
high frequencies, hot-wire ammeters had high elec- 
trical losses, were difficult to compensate for varia- 
tions in ambient temperature, >and tended to burn 
out on moderate overloads. They are now com- 
pletely obsolete, having bee!) replaced hv die 
thermocouple type developed about 1920. 

Modern thermal ammeters consist of a thermal 
converter and a sensitive dr ndllivoltmeter. Hg mr 
6 shows such a thermal converter mounted on die 
instrument terminals. The short and efficient healer 
is a platinum alloy wire or tube, to which 
welded a thermocouple of two dissimilar metals. 
When the junction of the thermocouple is heuten. a 
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Fig. 6. Thermal converter. (Weston Instruments , Divi- 
sion of Day strom, Inc.) 

-mall voltage is generated which is proportional to 
ihr temperature rise; this in turn N applied to the* 
millivolt mechanism to deflect its pointer. Tv pi 
<ullv. the heater is ^o proportioned as to ha\e a 
temperature rise of 200 “C on the desired full* 
M,ile current; ahoul 10 inv is then availalde for 
die tie niechanism. Losses are represented hy a pu- 
imrial drop through the heater of 200 tm at full- 
s, ale cm rent. 

The tempei at lire rise of the heater is a function 
■ if the square of the current: thus the instrument 
o ale follows a scpnire law. compressed at the start 
and expanded at full scale. 

I’sing a 1-mil heater wire, full scale represents 
.£ I k *> 1 1 I amp. Michel ranges are made with heaviet 
lii'. iters ; losses increase correspondingly. with 00 


Kinds of ammeters 




Application and 

1 \p'- <i| iiifcli.iuimti 

kind of current 

accuracy* 

!Vi in. incut magnet 
mm <i l»l«- t oil 

1) \rsonv.tli 

Direct 

Very general 
panel, switch- 
hoard. j Mutable, 
la 1 Moratory instru- 
ments. in curacy 

0 1 2<" 

I'olnri/cd-iron 
v ;hm- 

Direct 

Mattery charging, 
automobiles, ac* 
curacy only mod- 
erate 

l.l<‘flro<lvnnmi<*t 

Direct and 
alternating 

laboratory: high 
accuracy. 0 1'“ ; 
port aide testing, 

0 25*'; 

N ‘ft iron vane. 

Alternating. 

Panel, switch- 

rt'iiiihion. 

•HI ran ion. 
inclined *v a ne 
* > 

low -frequency 

board, |»orlable; 
accuracy 0 25 2 r : 

IVrngjelectriet 

Alternating. 
fn*quencies 
up to 100 Mr 

Panel, switch- 
Ixtard, general 
testing: accuracy 

0 5 -.v; 

Alisrcl In noons 

I isunlly 

Communications. 

corn|H>«i|o typos 

alt (‘mating 

electronic circuit 
testing: arrurnry 

0.5 -,V\ 


* Accuracy Hinted ns % maximum error of full-scale 
r eadin w 

f t important ns a transfer instrument from basic direct - 
'Ta*?* standard* to use on alternating current. 
u ,n «y he used ns a transfer standard, alt hough 

^ually from low -frequency alternating current via an 
^irtnlynamic ammeter to radio frequency, 


amp representing u practical top limit. For meas- 
uring currents under 1 amp the thermoelement is 
placed in vacuum to reduce heat losses: these are 
now useful as low as I ina. A special bridge form 
of open thermoelement is also used in the 100-ina 
range. 

Calibration of thermoarnmeters should he made 
on a low-frequency fsurh as 60 cycles) alternating 
current using appropriate standards. The instru- 
ments will then he within 2 ri i . their typical ac- 
curacy. on frequencies as high as 50 Me. On still 
higher frequencies the\ tend to read high be- 
cause of excessive skin-effect losses in the heater. 

In addition to the several kinds of ammeter 
described, there are several composite tvpes widely 
used in communications and electronics for low 
values of current. Iron-vane instruments take con- 
siderable energy, about 1 watt for full scale; low- 
range thermal instruments are expensive and 
easily burned out. A rectifier-type ac milliammeter 
consisting of a small copper oxide or germanium 
bridge rectifier feeding a conventional dc milli- 
armneter has low losses, good overload capacity, 
and adequate a curacy. It i« widely used to moni- 
tor voice-frequency currents, with ranges available 
as low as 100 ft a full scale. Similarly, vacuum- 
tube and transistor amplifying and rectifying sys- 
tems used with sensitive dc niicroammeters further 
expand the coverage in range, frequency, and sen* 
-itivitv to make available ammeters for most ap- 
pli( ations. The accompanying table summarizes the 
common tvpes of ammeters. .See Ci rkknt mf.xs- 
ITJMhM. fj.H.MI. 1 

Rildwgraphx : F. K. Harris. Electrical Measure- 
ments, 1952; K. Hennev fed. L Ratlin Engineer- 
ing Handbook. 5th ed.. 1959; I. F. Kinnard. Ap- 
plied Electrical Measurements t 1956: F. A. Laws. 
Electrical Measurements. 2d ed.. 19:38. 

Ammine 

One of a group of complex compounds formed by 
the coordination of ammonia molecules with metal 
ions and. in a few instances, such as calcium, stron- 
tium. and barium, with metal atoms. Some typical 
examples of ammines include | Cot NH * L, |C1» 
(rose). [Cu(NH0,)Clj (blue). [Cr(NH,)*]CL 
(yellow). [Cr (NH< » |Clj]Cl (ris-v inlet, trans- 
green). |\i(NH.«l«*lCl 2 (hltie». [PuNH^lCL- 
HvO tcoloiL'ss), and | Hg( NH.*) slllrs (white). 
Although these ammiivs are formally analogous to 
r,. my salt hydrates, the general characteristics of 
the group of ammines differ considerably from 
those of the hydrates. For example, hvdrated 
Cot III ) salts are strong oxidizing agents whereas 
Co(ll) ammines are strong reducing agents. The 
ammines of principal interest are those of the tran- 
sition metals and of the zinc family, but even here 
there i* wide variation in stability or rate of de- 
composition. For example, iron ammines are unsta- 
ble in aqueous solution; Cu(ll) and Co (Hi am- 
mines exist in aqueous solution but are decomposed 
hy aqueous acids; Co (111) and Pt (IV) ammines 
can he recrystallized from strong acids. Ammines 
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are prepared by treating aqueous solutions of the 
metal salt with ammonia, or in some instances, by 
the action of dry gaseous or liquid ammonia on the 
anhydrous salt. Two series of ammines of particu- 
lar interest are those in which individual ammonia 
molecules on the hexammine Co (HI) ion are re- 
placed successively by nitro groups to give the fol- 
lowing species: Co(NH a V\ Co(NH.*l&( NO*)-*, 
CotNHslitNOs)**. ColNHaMNOah. Oi(NH.Os- 
(NCMr, Co(NH a ) (NCMjt \ and Co(N0 2 )m <_ ; 
and the series in which the ammonia molecules in 
the hexanunine Cr(III) ion are replaced succes- 
sively by water molecules to Yield Cr(NH;i)« :, \ 
Cr ( N Ha i » ( ll 2 0 I " \ Cr ( NH a ) , ( H a O ) Cr- 
(NH:c)nlHaO) a 3 *, and CrlNHaljlHjO)^. See 
Ammonia; Coordination ciikmistry. [ h.h.s.] 

Ammonia 

The most familiar compound composed of the ele- 
ments nitrogen and hydrogen, NR*. It is formed as 
a result of the decomposition of most nitrogeneou* 
organic material, and its presence is indicated b> 
its pungent and irritating odor. 

Uses. Because of the w ide range of industrial and 
agricultural applications,, ammonia is produced in 
tremendous quantities. Kxaruples of its use are the 
production of nitric acid and ammonium salts, par- 
ticularly the sulfate, nitrate, carbonate, and chlo- 
ride. and the synthesis of hundreds of organic com- 
pounds including many drugs, plastics, and dyes. 
Its dilute aqueous solution finds use as a household 
cleansing agent; anhydrous ammonia and ammo- 
nium salts as fertilizers; and anhydrous ammonia 
also serves as a refrigerant, because of its high heat 
of vaporization and relative ease of liquefaction. 
See Fkrtii.izkh. 

Molecular structure. The NH< molecule has * 
pyramidal structure of the type illustrated in the 
diagram in which the nitrogen atom has achieved 

N 

H 

H 

a stable electronic configuration by forming three 
electron-pair bonds with the three hydrogen atoms. 
The HNH bond angle in the pyramid is 106.75° 
which is best explained as resulting from the use 
of sp A hybrid-bonding orbitals by the nitrogen atom. 
This should yield tetrahedral bond angles with the 
result that one sp 3 orbital is occupied by the un- 
shared pair of electrons. The repulsive effect of 
this unshared pair produces a slight compression 
of the HNH bond angles, thus accounting for the 
fact that they are slightly less than tetrahedral 
( 109.5° ). The dipole moment of the ammonia mole- 
cule, 1.5 debyes, is a resultant of the combined po- 
larities of the three N — H bonds and of the un- 
shared electron pair in the strongly directional jp 1 
orbital. The pyramidal ammonia molecule turns 
“inside-out” readily and it oscillates between the 
two extreme positions at the precisely determined 


frequency of 25,870 megacycles. This property 
been used in the highly accurate time-nieusurinj 
device known as the ummonia clock. 

Physical characteristics. The physical p r „ |IPt 
ties of ammonia are analogous to those of * a | n 
and hydrogen fluoride in that the physical eonst a „ t( 
are abnormal with respect to those of the l»j nan 
hydrogen compounds of the other members n f ||„ 
respective periodic families. This is particularly 
true of the boiling point, freezing point, heat ,,f {,, 
sion, heat of vaporization, and dielectric eoiMdn- 
of ammonia. These abnormalities, as in the cas*- „ 
water and hydrogen fluoride, may he related t<> ||, ( 
association of molecules through inter-umlc. 
hydrogen bonding. The prim ipal physical roiM a „ I% 
for ammonia are summarized in 'Fable 1. 
is highly mobile in the liquid state and ha> a h )K | 
thermal coefficient of expansion. 

Table 1. Physical properties of ammonia 


Melting |>oint 
Boiling |M>int 
A// (fusion) lit nip 
A// (vap) ut bp 
( Titical temperature 
Critienl pressure 
Dielectric constant < -fMl°C. > 
Density ( T0°(') 

Density 'liquid. 

A//° ( forum t ion:. 2.W. 

AP’ (format ion >. 25°(’ 

.S*\ 20H l°k ' etptl ) 

T -f 

Viscosity (liquid. 2r»°C) 

Vapor pressure ( -20 ,# r.) 

Vujhji pressure (U°(\ 

Vu|H»r pressure 

Solubility in water at 1 atm (20 n < ! i 


-77 7t°C 
\\3 \2 ( \ 
l:r*2 cal mol. 
•*>5HI e.d hi. t|c 

I x\ n' t : 

112 atm 
2h 7 

0 72VI g ml 
» f»777 g ml 

- 1 I 01 krai mull 
.’l 07 <i kt ut null. 
0 1 cal (div • m< 

II aJ!! cal Olru ni< 

0 ooi:r>n poi,.* 

1 120 0 mm II,’ 
3221 o nun lly 
0120 umt llg 
M l\ w( 


Chemical properties. Most of the chemic.il mm. 
tion* of ammonia may he classified under tine, 
chief groups: ( 1 ) addition reactions, coimnoiih 
called anurionation; (2) substitution mutiun- 
cornmonly called arnmonolysis, and I'D oxidation 
reduction reactions. 

Anurionation. Ammonation reactions in« lud* 
those in which ammonia molecules add to otlw 
molecules or ions either through the met huniMii *> 
covalent-bond formation using the unshared pair •» 
electrons on the nitrogen atom or through mn-di 
pole electrostatic interactions. Most familiar of tit* 
ammonation reactions is the reaction with wat*‘ 
which may be represented schematically as follow* 

II II 

H: N: + 11:0: H:N: 0:0: 

H 11 H s H 

■ H 

M: N:H 4 + :° :l1 

H 

The strong tendency of water and ammonia i<» <’ ,,ITI 
bine is evidenced by the very high solubility of am 
monia in water (700 volumes of ammonia ga* ,n 
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volume of water at 20°C and 1 atmosphere ammonia 
pressure*. The uminonia hydrate (ammonium hy- 
droxide) is u weak electrolyte in aqueous solution 
a >, indicated by an ionization constant f) f i.f>5 x 
10 1 at 25°C. Phase diagrams for the NH., 1LO 
kV'.tem indicate the existence of NH :t -ILO in the 
lh r solid state at temperatures below —80°. tinder 
,|„*we conditions, the compound 2M1 ylLO a I mi ex- 
j„K Ammonia reacts readily with strong acids to 
form ammonium salts: 

II 

H:\: 4-ll:\ - • II : N : IP 4 :\ 

II II 

: \ - an anion) 

\miiMUiiiim salts of weak acids in tin* solid state 
dissociate readily into ammonia and the free a< id. 

Included among ammnnation reaction* i* the for- 
nullum of complexes i called amniincsi yyith many 
metal ions, particular!) transition metal ions. micIi 

is Hg<MI ( . )/. r.rtNH;)r, *, ZntNHsir' . and 

Col \ 1 1 III • . .Sec AmMINK. 

\mmonation occurs with a \ariet\ of molecules 
< apahle of ailing as elet Iron-acceptor.* i Lewis 
it id* i . Lite reaction of ammonia with such s|j|>. 

- 1 %i ii * es as sulfur trioxidc. sulfur dioxide, silicon 
Mr.itluonde, and boron triflunride are typical: 

II : L : II : I : 

II : N : f K : F : II : N : B: F : 

II : F: H : F: 

imnwnolxsis. Amnionoly tic rein lions include re- 
j> lions of ammonia in whit li an amide group 
1 ML*!, an imide group I NHi. or a nitride 

urmip \ N 1 replaces one <»r more atoms or groups 
in tin* reading m<»b*cule. Kxnniple- include: 

Cl ML 

SO, + mu -SO a 4 2M1 4 CI 
Cl NH, 

Cl NIL 

L O + 4NHa — C O 4- 2NILC1 

\ 

Cl ‘ NIL 

0 

och, 


o 

+ Nil* - CAhCHf^ + CH»OH 

NH* 

HgCI 2 + 2NII, ll«(NH 2 )(:i + NH«CI 

a nii* 

4 2NH, - (^j) + NH 4 CI 

Oxulmitm-Tvdin (ton. These reactions may be sub- 
divided into those which involve a change in the 
oxidation state of the nitrogen atom and those in 
which hydrogen atoms are displaced. An example 
of the first group is the catalytic oxidation of am- 
monia in air to form nitric oxide. 

INI l.i f :><>„ ’X INO + (>JI 2 <) 

In the absence of a catalyst, ammonia burns in oxy- 
gen to yield nitrogen. 

L\H :i f .}()•> — ► j %2 4" 6 H 0 O 

\nother exaniph is the reduelion with ammonia of 
hot metal oxides *meh as cupric oxide. 

•ICulM- 2N1I.1 - 8C1J 4- 3H 2 () 4 - Nm 

Oxidation-reduction reactions of ammonia of the 
second t\|*e are exemplified by reactions of active 
metaL with ammonia. 

2Na 4- 2ML -2Na\H s + IL 

•+ 2NH, ' • M,e. t N 2 + 3H* 

Noninetals may al*o replace the hydrogen in am- 
rn *m id. 

2NH » 4 CL * NILCI + NH4CI 

Liquid ammonia as a solvent. The physical and 
chemical propertn- of liquid ammonia make it ap- 
propriate for use as a solvent in certain types of 
chemical reactions. The solvent properties of liquid 
ammonia are. in many ways, qualitatively interme- 
diate between those of water and of ethyl alcohol. 
This i> particularly true with respect to dielectric 
constant: therefore, ammonia is generally superior 
to ethvl alcohol as a solvent for ionie substances 
but is inferior to water in this respect. On the other 
hand, ammonia »s generally a better solvent for co- 
valent substances than is water. The chemical prop- 
erties of ammonia. f«>r example, its ability to 
undergo ammnnation, amrnonolysis. and oxidation- 
reduction reactions, are roughly analogous to reac- 
tions of water (hydration, hydrolysis, and oxida- 
tion-reduction I. Both water and liquid ammonia 
undergo autoionization: liquid ammonia undergoes 
the process to a lesser extent, as its very low ion 
product constant indicates. 

2ML ^ NH 4 + 4- NHr 
INWHNHrl - 1.9 X 10-«at -50°C 

Among the particularly interesting aspects of chem- 
istry in liquid ammonia is the fact that all alkali 
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metals, and calcium, strontium, and barium dissolve 
in it to yield blue solutions which contain highly 
mobile electrons. These solutions are commonly 
considered to contain metal ions and solvated elec* 
trons, but the exact nature of this latter species is 
the subject of considerable discussion. The solu- 
tions are thermodynamically unstable and decolor- 
ize very slowly with the release of hydrogen and the 
formation of metal amides. 


Na 

e“ + NH:i 


NHi i . _ kiij 

„ !\a + -4 e \rNH 3 

—* -f NHj*" 


This reaction is catalyzed by various metals and 
other substances. 

The usefulness of liquid ammonia as a solvent is 
based on the differences in the chemical properties 
of liquid ammonia and of other common solvents, 
notably water. Principal among these differences 
t compared with water) are < 1) the lesser tendency 
of ammonia to release protons. (2) the greater 
electron-donor tendency (or proton affinity) of am- 
monia. and (3) the stronger reducing character of 
ammonia. Because of the first difference, liquid am- 
monia may be used as a solvent for very strong 
bases (such as NHj" or C...H5O ) which would un- 
dergo complete protolvsis in aqueous solution. Liq- 
uid ammonia may also be used as a solvent for 
very strong reducing agents ( such as solvated elec- 
trons) which would immediately displace hwlrogen 
from water. Because of the second difference, liq- 
uid ammonia solutions do not provide very strong 
acins. since all strong acids are converted immedi- 


ately to ammonium ion (NH.C) which is a mud 
weaker acid than hydronium ion (H:iO+), its conn 
terpart in aqueous systems. In summary, it may h 
said that as a solvent for chemical reactions. liqui ( 
ammonia affords much stronger bases and stronge 
reducing agents but much weaker acids and weak? 
oxidizing agents than does water. By application 0 
these differences, a number of interesting syntheti, 
procedures may be carried out in liquid ammonia 
Ammonia system of compounds. Many of th. 

familiar compounds which contain oxygen may Ik 
considered to be derived from water as the paren 
solvent. In an analogous way it is sometimes uwfu 
to consider many nitrogen-containing compounds t< 
he derived from ammonia as parent solvent. Then 
latter compounds are sometimes considered to ion 
stitute the nitrogen or ammonia system of com 
pounds. This analogy is sometimes very useful lr 
understanding the chemistry of various nitioger 
compounds. 'Fables 2 and 3 show this relation In 
listing some analogous species and some analogous 
reactions in the water (aquo) and ammonia (am 
mono) systems. 

Synthesis of ammonia. The Haber process, 
which is the major source of industrial ammonia 
involves the process 

Nj(g) 4 311* (g) rt2NH t l£) 4- Heat 

This reaction is carried out under verv high pres 
sores, at elevated temperatures, in the presence ut 
a catalyst. Operating conditions varv. but imi-iIL 
the conditions are near l(HH) atmospheres prepare 


Table 2. Analogous compounds in the water and ammonia systems 


Aquo 

Am mono 

Aquo 

Ammoiio 

■ IWBCI 


• MgO 

MgMI. Mg?.N 

Off 

Ml. 

() 

Ml 

/ 

■ / 

/ 

// 

c 0 

O Ml 

\ 

CILC 

c»L<: 

Oil 

NH. 

oil 

ML 



CjlIsOII 

C-ILMI, 

KOH 

KMIj 

(Clh)jO 

fClli»iMI, (C ILoN 

NuslZnfOH ) 4 ] 

NntIZnINIItf.l 

llgfOIOCl 

HgMLCl 

Cufl !/»«•+ 

CuiMI,),** 

HOC1 

ILNOl 


Table 3. Analogous reactions in the water and ammonia systems 



Aquo 


Am mono 

KOII + (II»0)C1 - 

KC1 4- 211,0 

K\ll, 4- (Nlh)O • 

KCi + 2NII. 

Zn -4 211,0- — Zn« 

+ + H, 4- 211/) 

Zn +■ 2\ll« * * Zn** 

+ II; + 2\|l. 

O 

0 

Ml 

Ml 

C li&f 4- ILO • CAUif 4 - C,ILOII 

C.Uff 4- Nil, (A%c/ -4 C*l LM* 

OCtH, 

OH 

MIC, IK 

NIL 

OH 

0 

Ml, 

Nil 

/ 

/ 

/ 

/ 

0-0 4-2011- 

\ 

C-0 4 211/) 

C---NII 4 * 2MI* > 

C - Nil 4 2ML 

OH 

O- 

Nil, 

Nil 


ZnfOH), +2QH- -* ZnfOH),»- ZnfMM, + 2MI,— Zn(N I !:>.•' 
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lt nd in the temperature range of 450 600° C. A va- 
iirty of catalytic material* have been lined. Other 
industrial soiirreH of ammonia include its formation 
a by-product of the destruetive distillation of 
(( , a |, and its synthesis through the eyanamide proc- 
, ls s which is indicated by the following equations: 

innn°r 

CaC,4 N 2 V *CaCN, 4 C 
CaCN 2 4- MW (steam) ► CaCO :i t 2NH 3 

In the laboratory ammonia is usually formed by 
displacement from ammonium salts (either dry 
nr in solution ) bv strong bases; for example. 

Nil,* ) OK Nil., + II..O 

ami also by the hydrolysis of metal nitrides; for 

rumple, 

MpN« ♦ (illoO »3Mg(OI!) s f 2NH-i 

n,v \miiik : Amink; Hh;»i-i*rksm rk »*rom>sfs: 
Huum/ink; Nitrin.kn. |h.h>.| 

Ammonium salt 

\ jirodinl of a reaetion between ammonia t'NH.) 
union* acids. The general equation for forma- 

‘iiin i*' 

Ml.i 4 H\~> NH,X 

\ xjinple** of ammonium It ^ are ammonium chlo- 
n-lf (Ml, Cl), ammonium nitrate (NH|NO|l, 
im*I ammonium carbonate [ I Nil i ) ,CO :]. The<e 
•impounds are addition products of ammonia and 
•In .n iil. K*»r this reason, their formula* are Mime- 
I'm**'* written a- [H(NHt)]X. 

Ml ammonium salt* decompose into ammonia 
i»nl the acid when heated. Their stability. however. 
..me* according to the nature of the acid. Salt** of 
w*-jL a« hU decompose at lower temperatures than 
•I" -airs of strong ac id". Ammonium chloride, the 
'ill ot the strong ac id, hydrogen chloride (HCll. 
■i* 1 ' niiipi»"e" at .120 C. whereas ammonium sulfide 
Ml.i S. the -all of the weak ac id, hydrogen sul- 
'''i 1, iHjM. decompose- at .12 C. If the "alt is 
li' ii'd in a closed vessel, a definite pressure of am* 
is established in the presence of the solid 
S| h- I hi* pressure is detei mined solely h\ the tern* 
t" r.iture and. if the ac id is tiomolatile. is called 
dissociation pressure at that temperature. For 
J f l p t*iiled discussion of such equilibria. srr F'liri* 
,m. < m.Mic yr. 

h anln droits ammonia is added to mam of the 
Jmniunium salts at verv low temperatures, salts 
1 "Maining several molecules of ammonia are 
, ' ,,,| i , *c|. \muionium chloride, for example, can add 
p' m R»c»lei*ules of ammonia to form complex salts. 

'“MRwtion for the formation of the tetra com* 
l M, uin| U 

UiNlf,! |CI + 3(NH.«) -*■ |H(NH,),1C1 

Tl * 

)( ' ,ll,n »her of such complexes which may he 

^l' n<,( l depend* upon the nature of the acid radical. 

,i ,ni Warmp d. they lose ammonia: all are unstable 
J wiie 0°C. 


Ammonium chloride is made by absorbing am- 
monia in hydrochloric acid. It crystallizes from the 
solution in feathery crystals of the regular crystal 
system. It is a colorless solid with a density of 1.52. 
This salt, sometimes called sal ammoniac, is used 
in galvanizing iron, in textile dyeing, and in the 
manufacture of dry cell batteries. 

Ammonium nitrate ( NH jNO.< ) . a colorless salt 
with a density of 1.73. is prepared from ammonia 
and nitric* acid. The solid salt deliquesces or ab- 
sorbs water from moist air. thus appearing to melt. 
It is used as a source of nitrous oxide (N,Ol. or 
laughing gas. and in the manufacture of explosives. 
A mixture of ammonium nitrate and trinitrotoluene 
is known as amatol. 

Ammonium sulfate f ( NHi ]. obtained from 
ammonia and sulfuric* acid, is a colorless -olid with 
a density of 1.77. It is prepared commercially by 
passing ammonia and carbon dioxide (CO, » into a 
suspension of finely ground calcium sulfate 
(CaSO.l: 

CaSO, * 2NH f CO , 4 H .O-* 

CaCO + (NH,)..S0 1 

large quantities are also produced as a hy-produrl 
of coke n\ens and coal-gas works. It.- chief use is 
a- a fertilizer. 

Ammonium carbonate | ( NH , ) ,CO may he 
prepared b\ bringing ammonia and carbon dioxide 
together in aqueous solution: 

2NH 4 CO, • HjO — * i \H , » ,CO • 

It is also obtained hv heating a mixture of ammo- 
nium s,dfate and a fine suspension of calcium car- 
inmate: 

INH.CSO, 4 CaCO — ► iNH^,CO. +- CaSO, 

Ammonium thio« \ -mate (\H,SC\). a c*olorless 
solid with a densit*. of 1.31. is prepared bv the 
reaction of ammonia and carbon disulfide (CS, I: 

2\H -4- CS, — NH.SCN - H,S 

It is used as a protective agent in dveing. 

With the exception of seyeral complex species 
such a* ammonium chlnroplatinate 
PtClrt]. ammonium ‘ ills are yerv soluble in water. 
In aqueous solutions, they ionize to produce the 
ammonium ion (NHrl and an acid anion. Solu- 
tions of ammonium salts of strong or moderately 
strong acid* are acidic as a result of hydrolysis of 
the mmonium ion. This i* the reaction involving a 
molecule of water and producing a hydrogen ion 

(H ): 

NH,- 4- H,0^±NH,0H4 H- 

When a strong base is added to a solution of an 
ammonium salt, ammonia is evolved. This is a test 
for the piesence of NH," ion and occurs because 
the reaction 

NH , + H,0 ^ NH 4 0H ^ NH," + OH 

is dri\en toward the left. See Ammonia: Fkrti- 
1.1/fr: Hydrolysis. f F *J*J.] 
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Ammonoidea 

An order of the tetrabranchiate cephalopoda possi- 
bly derived from the Nautiloidca. They first ap- 
peared in the Ordovician, reached their greatest 
period from the Devonian to the Jurassic and dis- 
appeared at the end of the Cretaceous. The soft 
parts are unknown; the shells are coiled, have 
wrinkled septa, more or less highly sculptured ex- 
teriors. and complex sutures. It is the largest order 
of the Cephalopoda, and its members occurred in 
countless numbers in ancient seas. Their morphol- 
ogy and structure are so varied that they are im- 
portant index fossils. Ammonites range in size 
from tiny Cymbites with a shell diameter of U in. 
to the giant Pachydiscus whose shell attained a 
maximum diameter of 6 ft 8 in. and was the largest 
shelled mollusk. See Cephalopoda; Nautiloidea. 

IC.L.V.1 

Amnesia 

The pathological loss or impairment of memory. 
Amnesia may be psychogenic with no detectable 
organic basis, or it may reflect a gross disturbance 
of cerebral function. See Memory. 

Psychogenic amnesia varies in degree from the 
mild lapses of memory described bv Sigmund 
Freud as the psychopathology of everyday life to 
fugue states in which the subject has no memory 
for extended periods in his life. Current psychiatric 
opinion holds that these disorders are the result of 
emotional conflicts which the amnesia temporarily 
roolves. Thus the psychiatrist views amnesia as a 
defense mechanism. See Freidianism. 

Amnesias associated with cerebral dysfunction 
may arise from almost any form of injury or dis- 
ease involving the brain. In cerebral dvsf unction oTF 
sudden onset, as in acute trauma to the head or 
in epileptic attacks, there may be amnesia for im- 
mediately preceding events (retrograde amnesia I . 
as well as for events subsequent to the apparent 
restoration of full consciousness (anterograde am- 
nesia). With recovery, the period of complete 
memory loss may diminish in both directions, 
sometimes leaving ‘‘islands” of memory surrounded 
by periods of residual memory loss. Amnesia as- 
sociated with chronic cerebral dysfunction is char- 
acterized by continuous difficulty in remembering 
recent events, whereas early memories are rela- 
tively intact. 

It has been proposed that certain disturbances 
of recognition of objects or symbols, which may 
follow brain damage, are the result of destruction 
of the neural substrates of special forms of mem- 
ory. For discussion of these conditions, .fee Ag- 
nosia; Aphasia; Astereognosis. |j.sk.] 

Amnion 

A thin, cellular, extraembryonic membrane form- 
ing a closed sac, which surrounds the embryo in 
all reptiles, birds, and mammals and is present only 
in these forms; hence the collective term, amniotes, 
is applied to these animals. The amnion contains a 


serous fluid in which the embryo is immersed. See 
Fetal membrane. 

Typically, the amnion wall is a tough, transparent 
nerve-free and nonvascular membrane consisting , } f 
two layers of cells; an inner, single-cell-thick la\ tr 
of ectodermal epithelium, continuous with that , m . 
ering the body of the embryo as the outer la\ r-r 
its skin, and an outer covering of mesodermal, cn„ 
nective, and specialized smooth muscular tissue 
also continuous with the mesodermal germ lavcr 
the embryo. Early after the formation of the am- 
nion, waves of contraction of the muscles pus* „\ n 
the amniotic sac and produce a characterisin' n„ k 
ing of the embryo. 

In reptiles, birds, and some mammals, the am 
nion arises by a process of folding over the einlnxo 
body of the extraembryonic ectoderm along w nti 
its underlving. closely applied mesoderm i colic 
lively, the somatopleure) . Head, tail, and lateral 
folds of this sheet of tissue meet and fuse over tin 
hack of the embrvo. Onlv the inner limb of the |„IH 
forms the true amnion, the outer lirnh of the f<»M |„ 
corning part of another fetal membrane, the Him 
non. In other mammals, including man. the amnion 
arises by a process of cavitation in a mass of ir||, 
in which embryonic and extraemhivonic cell* In- 
come separated. The cavitv forms above thn-e ie||. 
destined to form the einbrvo lawly and rvontu.ilh 
spreads over and around the embryo up to the r* 
gion of the developing umbilical cord. 

The major function of the amnion and it- fl*n>l 
is to protect the delicate embrvo. Thus, develop 
mental stages of terrestrial animal** are prmidnl 
with the same type of cushioning against meilum 
cal shock us is provided by the water environment 
of aquatic forms. .See Germ layers. [vi- 

Bibliography : L B. Arey. Developmental Unit 
omy\ 6th ed., 1954. 

Amniota 

A collective term for the classes Reptiliu irrp 
tiles), Aves (birds), and Mammalia (mammal*- 1 "i 
the suhphylum Vertebrata. The remaining urP 
brates, including the several classes of fishes u nd 
the amphibians, are grouped together as tlu* \n 
amnia. Members of the Amniota are character 
i/.ed by having a series of specialized protectm* 
extraembryonic membranes during development 
Three of the membranes — amnion, chorion or 
serosa, and allantois -occur only in this group, 
but a fourth, the yolk sac. is sometime* pre-ent anti 
is found in many anamniote$. The presence of tin* 
extraembryonic membranes knakes it possible f« ,r 
the embryonic development df the amniotes to ta < 
place out of the water. In tha'most primitive forint 
the early stages of development take place i ,, siu^ ,i 
shell-covered egg that is deposited on land. 1 
pattern is typical of most reptiles, all bird«. an 
some mammals. In these animals the amnion an< 
chorion form fluid-filled sac* which protect tw 
embryo from desiccation and shock. The «" anl01 , 
usually acts as a storage place for digestive an 
nitrogenous wastes and, in conjunction wit t 
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Fig 1 . Basic types of vertebrate eggs. 
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(chorion) 


PRIMITIVE AMNIOTE 
(development inside shelled egg) 



(chorion) 


uterine wall 
of mother 


’ VIVIPAROUS MAMMAL 

(no shell; development in uterus) 

^'9- 2. Embryonic development in amniote eggs. 

•Winn, as a respiratory structure. In viviparous 
r< *piilfs and mammals the chorion and allantois 
eenerallv fuse and become more or less intimately 
^•natr-d with the uterine lining of the mother. 


Nutritive 


excretory, and respiratory exchanges 


. i — - - ; * biiu ■ v-r> i mui y iMiinupo 

® 0 place across the chorioallantoic membrane 
p ^een the allantoic circulation of the embryo and 
ferine circulatory vessels of the mother. .See 
u! MN,A; Vfr tkbrata; see also Allantois; 
lov ; Chorion. [j.m.s.] 


Amoebida 

An order of naked Sarcodina frequently called 
Amoehina which typically form lohopodia (.see 
Sarcodina). Size ranges from about 4 /jl to 2 3 
mm. The body is covered with a pellicle which may 
be thin as in Amoeba proteus, or thicker and less 
flexible, as in Ihecamoebn verrucosa (Fig. la). 
Folds or wrinkles of the pellicle may develop in 
locomotion, especially in species with the thicker 
pellicles. 

Both flagellate and ameboid stages occur in the 
familv Dimastigamoebae. the soil arnebas, of which 
Nacfchria grubrri is representative. The life cy- 
cle includes an ameba. a hiflagellate stage, and a 
cvst. The rest of the Amoebida. which show no 
flagellate stage, belong to a number of different 
families. 

Ameboid movement. The term ameboid move- 
ment refer- to the type of movement seen in ame- 
ba-: -iirli movement involves a flow of the proto- 
plasm (fig. lg*/>. The term is a rather loose one 
in that locomotion of Amoebida varies in its more 
obvious features from species to species. In some, 
movement involves protoplasmic flow of the bodv 
a- a whole, without typical pseudopodia. In 
Amoeba proteus (Fig. hv/|, there are several 
ridged p-eudopodia which are indeterminate (not 
limited in size I and, in locomotion, the organism 
appears to flow into a pseudopodium. In other 
species (Fig. 16 >. the pseudopodia (determinate 
tvpe i never become large enough to direct locomo- 
tion. 

In certain amehas there is a relatively inert 
posterior mass, the uroid (F'ig. 1/1. which may or 
may not he partially constricted from the rest of 
the bodv. The uroid may be covered with hairlike 
projections or warn knobs and often contains un- 
digested food in icuoles. It is sometimes dis- 
carded h\ autotomy. 

Theory of locomotion. In general, locomotion in- 
volving protoplasmic flow depends upon sol-gel 
rever-ihilitv. The driving force apparentlv is pres- 
sure from the less-fluid plasmagel. the outer layer 
of cytoplasm. This tends to contract and the 
changes occur within a persisting pellicle. In for- 
mation of a pseudopodium the plasmasol. the more 
fluid inner cytoplasm, flows into a region in which 
the pressure from the plasmagel is relaxed. The 
result is a protuberance, the developing pseudo- 
podum (Fig. 1 ej,m,n). The plasmasol reaching 
the tip of the pseudopodium is diverted peripher- 
ally. where it becomes part of the plasmagel layer 
just beneath the pellicle. In the meantime, plus- 
magel is changing into plasmasol at the posterior 
end of the organism. This new plasmasol flows 
anteriorly and the process is repeated. 

Nutrition. Since amehas are normally holozoic, 
food vacuoles usually are present. Crystals of vari- 
ous shapes, which in some cases are supposed to 
represent amino acids, occur in certain species. 
Globules of assorted sizes also are characteristic 
inclusions. In addition, other microorganisms such 



(f) 



Fig. 1. (o) Thecamaeba verrucosa , locomotion without 

formation of distinct pseudopodia t after Schaeffer). 
(b) Mayorella bigemina, formation of conical pseu- 
dopodia 'offer Schaeffer), (c) Amoeba proteus, forma- 
tion of large pseudopodia ( after Schaeffer). ' d ) 
Amoeba dubia, formation of a number of large pseu- 
dopodia ' after Schaeffer), ie) Asframoeba flagelli - 


podia , floating form with slender and sometimes spiral 
pseudopodia 'after Schaeffer ) ( f , g, h, k' Chaos 
f Pelomyxa ) carolinonsis, locomotion of " walking" type, 
as seen in thriving cultures ' after Wilber). < I , m, n 
Acanthamoeba c astollanij, specimens with different 
forms of pseudopodia (offer Valkanov). 12-30 », 
(From R. P. Hall , Protozoology , Prentice Hall 1953 
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a*' algae avid l>a< tena omir in "mile Arnoehida and 
mm change the appearance from practh alls *«d 
nrlc"" to a green or grav. The number of nn< I ** 1 
range* from the usual one or two up to m-viti! 
hundred in Chaos carolinensis. 

Intestinal amebas. Kndoparu*itic spe« ie*. found 
primarily in the digestive tract of invertebiate* 
and vertebrate*, include manv relatively liarmle** 
*pei ien and a few pathogens. Entamoeba histolytnn 
is a pathogen of man and E. iniadrns. of reptile* 
E. histolytica causes amebiasis. In the prirnarv 
type, the amebas are localized in the eolon. 
range from very mild nrnchio*i* to acute arnebi* 
dysentery. The ameba* f Fig. 2f-k) invade the wall 
of the rolnn and produce lib eration. Con»plicati*»n* 
mav include perforation of tb«* eolon or appendix. 

Fig. 2. Commensal and parotitic amebas. (a) Fnfo* 
moeba co li, rounded ameboidl form (after Kessel). 
(b) E. colb cyst (offer Kessel). <|) E . colb multinudeate 
cyst (after Brooke), (d) E. coll, |yp*col cyst from natu- 
rally nfected monkey (after Keiel). (e) £. colb octonu- 
cleate cyst (offer Kessel). (f) Entamoeba histolyt ica, 
ameboid form (after Kessel ). (g) £• histolytica , cy* 
with glycogen vacuole (after Kessel ). (h) E. histolyhco, 
bi nucleate cyst (after Kessel ). <b h h) £• 
quodrinucleate cysts (offer Keuol). (From R- F. 0 • 
Protozoology , Prentice-Hall, 19 S3) 




Fig 3. ‘o) Endo/imax nan a, ameboid stage 'after 

; b^ E . nana, cyst from monkey (after Kesseh. 

, ( f t e E nana , cyst from man \ after Kessel). 

; lodamoeba hutschlii , ameboid stage ''after Stabler). 
g ( h I hutschlii , ameboid stage, medium size 'after 
rtenrich). (h I. hutschlii , ameboid stage, small size 
after WenricM (j) /. hutschlii, ameboid stage, large 
we after WenricM, (Ic) I. hutschlii, binucleate cyst 
jtlor Kesseh. </) I. hutschlii, cyst showing three cysts 
jfftT Wenrich). (mi I. hutschlii, uninucleate cyst 'after 
•A'ennchi. ! n) I hutschlii, uninucleate cyst from monkey 
of tc Kesseh. (From R. P. Hall , Protozoology, Prentice- 
Hit!, 1953 ) 

■'iht , *iun* involving tin* colon. «»r other vi*<eral 
•i In MToiidar > amebiasi*. the following or- 
c iii* ilia \ he invaded: ileum. liver causing hepatic 
iiiMcsw. or. le** commonly to rarelx. the hin 

spleen, urinarv bladder, litem*. Ixmph 
-land^. vagina, and *kin. The occurrence of severe 
infertinnw may be correlated with xitatnin deh- 
■ \ nr substandard diets in general. 

Intestinal amebiasis has been treated vxith ar- 
'* mu aU mjrh as earbursone. quinoline derivatives 
■'iinddipnn and vioform). alkaloid derivatives 
Wmehxdroehloride) and antibiotics (terrainy- 
,|riL hntamorba ro/i (Fig. 2n-el, a similar ameba 
^ n>m n wn. does not inxade the tissues. Others 
n,,r mall\ limited to the lumen of the human colon 
dr «‘ kndnlinuix nana , lorfarnoeha hiitsvhlii (Fig. 31. 
awl Dientamoeba fragilis. As compared with fc\ 
a, these four amebas are relatively harm- 
^ although sometimes associated with gastro- 
wiMinal disturbances. 

I dentification and transmission. In laboratory 
| of infection, identification is l»a«ed upon 
tiire atnehas and their cysts. Struc- 

£ un< ^ number of nuclei, shape of rhmmatoid 
*ha I S ^ if present, and size, range, and 
^ °» 'vsts are important criteria, A most im- 
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portant prerequisite for the laboratory diagnosti- 
cian is experience with the Kndamoebidae. 

These intestinal amelias are transferred usually 
as cysts which are passed in the feces. They may 
remain viable outside the body for several days 
oi weeks il kept moist and shaded; l). frazil is is 
an apparent exception. Cysts may he distributed 
widel\ by infected individuals unless precautions 
are taken. When viable evsts are swallowed, a new 
host may become infected. Uncooked vegetables 
from -oil fertilized with human feces are a poten- 
tial source of infeet ion. Although the usual meth- 
ods of water purifieation are reasonably protective 
again*! infection from t hut source, it is very diffi- 
cult in practice to prevent spread of amelias bv 
infected food handlers. Accordinglv. there is no 
reason for heliexing that amebiasis can he elimi- 
nated in the near future. See Amkbivsis. [r.p.h.1 

Amorphous solid 

\ rigid bodv in which the constituent molecule* 
are arranged in a spatial pattern that exhibits no 
long-range order* that is. it is noncry*talline. Thi* 
la< k of long-range order i* also a characteristic of 
liquids, hut amorphous solid* are distinguished 
from liquid* by their high rigidity or viscosity, 
which i* comparable to that of crystalline bodies. 
I'suallv a bodv is considered rigid if its \isrn*it\ 
exceed* 10 1 pni*e; thi* i* 1 0 1 1 times the xi*co*itv 
of txpic.il liquid*. >ccChy*tai.: Hk.id body. 

Some liquid*, if sufficiently vi*mu* or free of 
nucleating impurity particles, can lie undercooled 
to form amnrphoii* solid*. Amorphous *olid* 
formed in thi* wav arc known as glas*e*. Amor- 
phou* *nlid* can he foimed in other wav*, for ex- 
ample. hv *low condensation from the vapor phase 
onto a cold *ulistra*e. [ d.t. ) 

Ampere 

The unit of electric current in the rationalized 
mrter-ki)ogrdni-«c< ond (ink** *vstem of unit*. The 
fundamental definition of the ampere i* in terms 
of the force of attraction lietween two parallel cur- 
rent-cam ing conductors. 

In the situation shown in the diagram. F « 
jiu,/i/o/ '2 rrr where F )* the force between the paral- 
lel wires of length / separated by distance r and 
earning currents fi and 1-2 (see Ampirf.'s law). 
The constant 11 .» is the permeability of free space. 
4?r v 10 T newtons per *mpere squared. Thus, 
when rhe current in each wire is 1 amp. the force 
of attraction between two parallel wires 1 meter 
(ml apart is 2 X 10 7 newton per meter of length. 
Forces between currents in parallel wires con- 
nected in *eries can he measured directly by means 
of a current balance, and secondary current-meas- 
uring instruments (ammeters) thereby calibrated. 

Since the force between any two currents is pro- 
portional to the instantaneous value of their prod- 
uct. the average force between two wires 1 m apart 
carrying sinusoidally varying alternating currents 
is 2 x 10 7 newton per meter of length when the 
root mean square (rmsl current in each is 1 amp. 



332 Amptrt’i low 


I 



Two porallel current-carrying conductors. 

Before HMfl. the ampere was defined as that non- 
varying current which would deposit elecfrolyti- 
cally 0.0011180 g of silver per second from a 0.1 
normal silver nitrate solution at 20°C. This was 
equivalent to defining the ampere as the passage 
of 1 coulomb of charge per second. However, the 
ampere is now taken as the fundamental unit, and 
1 coulomb is defined as the quantity of charge 
conveyed by a current of 1 amp flowing for 1 sec. 
There is a difference of about 0.02^. between the 
old t International ) ampere and the new ( absolute) 
ampere. 

Other commonlv used units of current are the 
milliampere (10 * ampere) and the microampere 
1 10 * ampere). The abampere (10 amperes) i* 
seldom used. See Current, electric; Electrical 
standards; Electrical units. fj.w.sr.] 

Ampere’s law 

A law of electromagnetism which expresses the 
contribution of a current element of length dl to 
the magnetic induction (flux density) B at a point 
near the current. Ampere's law, sometimes called 
Laplace’s law, was derived by A. M. Ampere after 
a series of experiments during the years 1820- 
1825. 

Whenever an electric charge is in motion, there 
is a magnetic field associated with that motion. 
The flow of charges through a conductor sets up a 
magnetic field in the surrounding region. Anv cur- 
rent may be considered to he broken up into in- 
finitesimal elements of length dl, and each such ele- 
ment contributes to the magnetic induction at 
every point in the neighborhood. The contribution 
dB of the element is found to depend upon the 
current /, the length dl of the element, the dis- 
tance r of the point P from the current flement. 
and the angle 6 between the current element and 





the line joining the element to the point P ( S(lf 
illustration). Ampere's law expresses the rnamu-i 
of the dependence by the following equation: 


dB 


. / dl sin 6 

k 


Choice of units. The proportionality factoi 4 
depends upon the units used in the equation ami 
upon the properties of the medium surrounding th* 
current. As in other equations expressing observ'd 
relationships, there is an arbitrary choice a* t„ 
which of the units is to he defined from Ampere’., 
law. or l»y a relationship derived from the law 1| 
values are assigned to B, /, and /. the factor A <a„ 
he found by experiment. If. however, an arhiti 
value is assigned to A\ Ampere's law or an equation 
derived from Ampere’s law may he used to delip. 
the unit of current, since units of H are othenvj^ 
defined (.fee Induction, magnetic). In the ration 
alized mks system of units, the latter choiu j. 
made, a value is assigned to k , and the ampere a* 
a unit of current is defined from an equation fir 
rived from Ampere’s law. When the current i*. in 
empty space, the factor k is assigned a value <>| 
10 7 weher ump-tn. 

As in other equations associated with dec in. 
and magnetic fields, for example Coulomb's law i! 
is convenient to replace A by a new factor n„ r e 
lated to k by the relation 

This substitution removes the factor 4r from m:m\ 
derived equations in which it would otherwise ap 
pear. With this substitution Ampere’s law In- 
comes 


noJdl^nO 

ftti ” a 

4ir r 

The factor fio is called the permeability of wnpt' 
space. See Permeability. MM.NETlt ; see «//'•■ 
Electrical units. 

Right-hand rule. The direction of dB i* alwa\- 
perpendicular to the plane determined b\ the lhie 
tangent to the current element dl and the line join 
ing dl to P. The sense of the line* is clocksi-* 
when looking in the direction of the current. Ih 
direction at each point may also he described m 
terms of a right-hand rule. If the current element 
is grasped by the right hand with the thumb P 0,nl 
ing in the direction of the current, the 
encircle the current in the direct ion of the mar 
nelic induction. (If electron flow is used a " 1 '/ 
convention for current direction, the left ham 1 
used in place of the right. ) * 

Since the magnetic induction is everywhere f* r 
pendicular to the current element. it follows* d 
the lines of induction or dux always f° rm 1 osP 
path*. . f i 1( . 

Field near a current. From Ampere s law * 
field near a current may be calculated * ,v ,n j. 
the vector aum of the contributions of all * , f V sIin) 
oua elements that make up the current. \ * 
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,. a n be found (provided the integration can be 
,-arried out) by integrating over the whole length 
„{ the current. 


fdB 


Mo r / dl sin 0 
4i r J r 2 


w her^ the limits are taken ho that all current ele- 
nienth are inc luded and the integral represents the 
vector sum. 

The experimental test of the validity of Am- 
perfV ls not direct since experiments are made 

I upon the field due to individual elements, hut 
rather upon the resultant field of the current as a 
whole. Thus, the applications of Ampere's law are 
, n computation of the field for known geomet- 
r hal arrangements of the current. For simple cur- 
rent paths, the summation is easily carried out. as 
for the field at the center of a single circular con- 
ductor of radius a. For this conductor, r - a, and 
, , s always perpendicular to dL so that sin 0 - 1. 
Furthermore, all contributions are perpendicular 
[m the plane of the coil, so that the vector sum is 
tin* arithmetic sum. Then 


Mu raw l dl Mo l f 2 *° ^ Mo/ 
W *™ u 2 4ir a 2 2a 


Hu* field anvwhere on the axis of a flat coil, on the 
ixjs ,.{ a solenoid, or near a long straight conduc- 
tor mav he computed readily, and the result corn- 
ered with experimental values. In general, the 
vld .»f anv current mav he evaluated if dH tan he 
ixpic^ed in Ampere'** luw. and the integration can 
k i .irrtcd out. For the case of a long straight 
• imdurlm. vee BlOT*M\ utl LAW. 

Vmperc's law can he used a" an alternative defi- 
nition of magnetic induction and for defining mag* 
!.i*i ii held intensity. .See Magnetic field. |k.v.m.| 

Hihlwgraphy: J. C Maxwell, A Treatise on Elec- 
tri<it\ and Magnetism, 3d ed., pt. 4. 1W4; h. Page 
and Y I. Adams, Principles of Electricity . 3d ed.. 
I'fiH: F. R. Peck, Electricity and Magnetism , 1033: 
f W Sears. Principles of Physics . vo). 2. 10S1. 


Ampere-turn 

^ unit nf magnetomotive force in the meter-kilo- 
urjin -.econd (inks) system of units. An ampere- 
,urn ^ the magnetomotive force of a closed loop of 
" n *‘ luf n when there is a current of 1 amp flowing 
») the loop. See Macnetomotixe form:; see also 
rntt ai. LNirs; Gilbert. (k.v.m-1 


Amphibia 

,W u * ** I,J four classes composing the superclass 
<*trap4.tia of the auhphylum Vertebrata. the other 
‘ being Reptilia. Aves. and Mammalia. The 
| ,v,n K a »nphibian*» number approximately 2300 
i and are classified in three orders: the 

ai <*ntia or Anura (frogs and toads, slightly less 
J an 2000 species); Caudata or llrodela (sala* 
ians ^ ^P^* 1 **) ; an d Cymnophiona (caecil- 
s ’ ^ spines). In the geologic past there were 
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other orders, now extinct. A typical amphibian is 
characterized by a moist, glandular skin, the pos- 
session of gills at some point in its life history, 
four limbs, and an egg lacking the embryonic 
membrane called the amnion. See Amnion; 
An amnia; see also Amphibia fossils. 

The closest relatives of the amphibians are the 
fishes, from which they evolved, and the reptiles, to 
which they gave rise. Present-day amphibians, how- 
ever, are highly specialized animals, rather differ- 
ent from the primitive forms that probably first 
arose from crossopterygian fishes and far removed 
from those that gave rise to the earliest reptiles. 

Fish and amphibians. In general, modern am- 
phibians as adults differ from fishes in lacking 
scales, breathing by means of the skin and lungs 
instead of gills, and having limbs in place of fins. 
There are many exceptions to these generalizations, 
however. Some fishes lack scales, and some mem- 
bers of one group of amphibians, the Cymnophiona. 
have scales buried in the skin. Some salamanders 
retain the gills throughout life, and there are air- 
breathing lungfisli. There are no amphibians with 
paired fins, but the caecilians lack limbs entirely; 
presumably these animals have evolved from an- 
cestors that possessed typical tetrapod limbs. As 
might be expected, the significant differences that 
distinguish typical adult amphibians from fishes are 
those most closely associated with adaptation to 
life on land. Respiration is b> means of skin and 
lungs rather than gills. and tetrapod limbs are for 
terrestrial locomotion. See Respiration. 

Reptiles and amphibians. Reptiles usually have 
a drv. scalv skin that is relatively impervious to 
water loss, and s n are very different from the am- 
phibians with their moist skin that permits murh 
evaporation. Young (larval) amphibians have gills, 
but there is no comparable gill-breathing, larva) 
stage in the life history of a reptile. A most im- 
portant difference lu tween the two groups is the 



Common Amphibia. to) *ana septentrionalis. lb) Rana 
syfvatica . (c) Remo pipitm* (d) Rana clomitons. (From 
Samuel Eddy and A. C. Hodson, Taxonomic Keys to 
the Common Animals of the North Central States Ex- 
clusive of the Porasitic Worms, Insects ond Birds, rev. 
ed., Burgess, 1955) 
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absence of the amnion in the Amphibia, and its 
presence in the Reptilia. The amnion is a membrane 
that surrounds the developing embryo and. in effect, 
enfolds it in a natal pond. Larking this membrane, 
amphibian eggs must be laid in water or in very 
moist places. The amnion of the reptile egg makes 
it more able to resist desiccation, and the eggs can 
be laid in relatively dry places. The ability to resist 
water loss through the skin and the development of 
a “land” egg are perhaps the differences between 
reptiles and amphibians that are of the greatest 
evolutionary significance. 

Ecology. The all-iniportant factor in amphibian 
life is water. Most species must return to the water 
to breed, and all must have access to water (even if 
only in the form of rain or dew ) or die of dehydra- 
tion in a short time. An important consequence of 
thi« basic fact of physiology is that vast arid and 
semiarid areas of the earth are inhabited bv a 
relatively few’ specialized amphibians. The majority 
of amphibian species are found in moi*t. tropical 
regions. Curiously, no amphibian has developed a 
significant degree of tolerance for *ialt water. Some 
may occasionally be found in brackish situations, 
and may even breed there, hut salt water is as 
uninhabitable to amphibians 'as is truly drv land. 
For this reason, most oceanic islands are devoid of 
native amphibians, and some of the forms found 
there are known or suspec ted to have been intro- 
duced by man. 

Physiology. Amphibians are among the so-called 
cold-blooded animals; that is, the temperature of 
\he body of an amphibian is not regulated inter- 
nally to a high level as is that of mammals and 
birds, but fluctuate^ with that of the environment. 
An amphibian in the w'ater will have a temperature 
close to, if not the same, as that of the water: pn 
amphibian out of the water will often he somewhat 
cooler than the air because of evaporative cooling. 
An animal such as an amphibian that burns none of 
its food energy in keeping warm is able to get along 
on much less food than a bird or mammal of similar 
size. This advantage is offset by the inabilitv of 
amphibians to he active under cold conditions that 
do not inhibit a warm-blooded animal. Thus the far 
northern and southern parts of the world which 
support large populations of birds and mammals 
are almost devoid of amphibian life. 

Evolution. The amphibians mark a significant 
point in the evolution of the vertebrates, the transi- 
tion from aquatic to terrestrial life. As animals 
neither divorced from the water nor fully at home 
on land, they suffer from their intermediate mode of 
life. Reptiles, and later mammals, came to domi- 
nate the land, and fishes the waters, leaving the am- 
phibians of today as a relatively unimportant but 
nevertheless highly interesting group of verte- 
brates. .See Tktrapoda ; Thkhmorkc.iilation. 

rR.c..z.i 

Bibliography. W. F. Blair et al.. Vertebrates of 
the. United States , 1957; G. K. Noble, The Biology 
of the Amphibia , reprint, 1954; A. H. Wright, and 
A. A. Wright, Handbook of the Frogs and Toads of 
the United States and Canada , 3d ed„ 1949. 


Amphibia fossils 

Amphibian history can he divided into two near|\ 
completely separable portions an older chapter 
from Devonian to Triassic. in which the 
belong to entirely extinct orders, and u later rhap. 
ter, treating the development of the modern aim. 
rails ( frogs and toads) and urodeles (salamamb-is 
and newts) . 

Labyrinthodontia. Most important in the ( . ;I1 | N 
evolutionary story are the members of the V ,uli\ rin- 
thodontia (Fig. I). In this series of frequenth 
large forms the vertebral centra were formed | n 
ossifications in blocks of cartilage which developed 
around the notochord. Numerous member* nf i|)i v 
group are known from (!ai honifemus. Permian. ,<n<l 
Triassic rocks. More recent lv a very pi imit ive 
series of lain rinthodonts, the Ichtlivostegalia. vwn- 
discovered in the Late Devonian of Gicenkmd. \|_ 
though seemingly aberrant in a few features. ||„. 
iehthvostegals are remarknhlv primitive in -knil 
and skeletal stiucture- and bridge much of r}„ 
previously existing gap between amphibians and 
ancestral cro**opter\gian fishes. Their vertehur 
like those of sonic emssopterv gian*. were e-*en 
tiallv rhachitomoiis in spin lure, the centium 
formed of a large crescentic interrentra ami. « 
and behind this, small paired pleurocenlra Tli»\ 
were *u< ceedcd bv a great sciie-. of somewhat moh 
advanced forms with similar vertebrae in tie- (\n 
boniferous and Permian, teimed the Rhuchitnuu e- 
a narrower use of that term. In the Tiia-H, ,i 
special group of sharp-snouted marine li-li-f.it - 
the Tremato<auri,i. continued ilu* line of hum- 
with rhachitomoiis vertebrae, bwl the mapu Tiia-*i> 
descendants of the Rhachifonii wcie the Nrnu- 
spondvli. degenerate flat-bodied amphibians with 
siiia 1 1 limbs and vertebrae in which the pleimx »nh i 
had vanished but the inlercentra had hoi ome -nlid 
cylindrical structure*. These groups, tormina f h* 
main line of luhvrinthodont evolution, arc often 
termed the Temnospondvli. .See If I hyosi i i 
Riiai hiiomi: Stkrosi’onoyu. 

In contrast, the Anthracnsauria of the rarhnii- 
iferoii* and Permian are a group in which a* in 
reptiles, the pleuroccntra were expanded and f n-eil 
to form a cylindrical structure corresponding t»» the 
true centra of reptiles and higher classes. \ main 
line of anthracosuur* led. hv wav of the Sevmnim- 
a morph a ( ancestral reptiles), to the reptiles, vv hi* h 
made their appearance before the end of the 
boniferous. A side branch Was that of the Kinho 
lomeri ( early labyrinthodont^ ) . already present in 
the lower Carboniferous ufyd surviving to eaib 
Permian days. These persistently aquatic fidi- 
eaters were slenderly built fbrms which preserved 
many primitive features but dev eloped intercentra 
as well as centra into ring-shaped structures. St* 
KM*tOU)MKR!. 

Lepospondyli. Parallel to the well-marked storv 
of the evolution of the labyrinthodonts run* a 
second, that of the evolution of Paleozoic form* 
relatively tiny size, in which the vertebrae are. m 
contrast, of lepospondylous construction. Tnf* e 
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Ichthyostegid 


(a) 


Rhachitome 



ic 


(b) 


Stereospondyl 



(c) 



Fig. 1. Some trends in labyrinthodont evolution. 
:o'! Ichthyostega. (b) Ervops. (c) Buettneria. 'd ) Pholid - 
ogos/er. Sp, spine; pc, pleurocentrum; ic, intercentrum; 
vac, vacuity; ps, parasphenoid. <Top) Two vertebrae of 
each type in lateral view. <Midd/e» Skull in palatal 


view. ( Bottom ) Proportions of height to width in each 
skull; skulls drawn to same length, not to scale. (From 
E. H. Colbert , Evolution of the Vertebrates, Wiley , 
1955 ) 



2. Evolution of lobe-fin fishes and amphibians. 
( Front E. H. Colbert, Evolution of the Vertebrates, 
Wi l*Y, 19 55) 
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forms flourished, it would appear, throughout the 
Carboniferous, but are unknown later than the 
early Permian (Fig. 2). 

Paleozoic orders . There are three orders of 
Paleozoic Lepospondyli: the Nectridia, variable as 
to body form, but characterized generally by fan- 
shaped haemal and neural arches: the snake-shaped 
Aistopoda: and the Microsatiria. which are for the 
most part of rather normal, salamanderlike body 
proportions. All three groups were quite distinct 
at the time of their first appearance. The lepospon- 
dyls, appearing in the Early Mississippian. are the 
oldest of known amphibians, except for the Devo- 
nian ichthyostegids. It is generally assumed that 
the amphibians are monophyletic. and hence the 
lepospondyls may be a group which had diverged 
rapidly from a basic labvrinthodont stock. There 
is no proof of this assumption, however, and it is 
believed by some that the lepospnndvls arose in- 
dependently from fish ancestors. .See Aistopoda; 
Lepospondyli; Micros aiiua: Nk« tridia. 

Orders having living forms. Of the three existing 
amphibian orders the wormlike tropical Apoda 
(Gvmnophiona) are unknown as fossils. The sala- 
manders and newts (order Hrodela) are repre- 
sented by a number of Tertiary forms which are 
reasonably assignable to existing families; the 
oldest known salamanders are of Cretaceous age. 
There are no transitional types between urodeles 
and Paleozoic amphibian orders, but as their \erte- 
brae are essentially lepospondyloiis in structure, 
the urodeles may have descended from the ancient 
Icpospondylous order Microsauria. Microsaurians 
with a structure somewhat comparable to that of 
the Apoda are possible ancestors of that group. 

Antiran history is somewhat better documented. 
As with the urodeles. there are fairly numerous 
Tertiary representatives assignable to existing 
families, and a few frogs of somewhat more primi- 
tive character are known from the Cretaceous and 
Jurassic. Recently a Triassic form. Protobatracbus, 
has been found in which the skull is a I reads that of 
a proper anuran but the postcranial skeleton is 
little specialized. There, however, the story ends, 
and although the frogs are suspected of having a 
rhachitomous ancestry, there is no proof of connec- 
tion. .See Gymnophiona; Salientta. See also 
Apsidospondyli. 

For a description of crossopferygian fish ances- 
tors and ancestral reptiles see Osteilhthyes ros- 
sils; Seymouriamorpha; see also Evolution, 

ORGANIC. [A.S.R.] 

Amphibole 

A large group of common rock-forming inosilicate 
(metasilicate) minerals (see Silicate minerals). 
The amphiboles exhibit a wide range of composi- 
tional variation, as indicated by the generalized 
formula: 

( Na,Ca ) 2-3 ( Mg,Fe 2 \Fe 3+ ,Al ) 0 

( Si, A1 ) *(>22 ( 0H,0,F ) a 

and (Mg,Fe 2 *,Fe 3 \AI) 7 (Si,Al) *0 22 (0H,0,F) 2 


The amphiboles represent a complex series of solid 
solutions between a variety of idealized end iu^, n . 
bers. The species names of these end members art* 
usually the best known; the more important nnp s 
are listed. 

Orthorhombic amphiboles 
Anthophyllite (Mg,Fp-M 7 SuO aa (OH ) a 

Gedrite ( Mg,Fe- f ) bAI s (Si,»Al y ) 0 aa (OH #.. 

Monoclinic amphiboles 
Cumiuingtonite ( Fe-\Mg ) t-SUOjj ( OH ) 2 
T remol it e Ca a M gnSi H O a: > ( OH ) a 

Tschermakite Ca a Mg. f Alj ( Si#»Al a ) (OH ) - £ 

Edenite NaGa a Mg» ( Si; A1 ) O aa (Oil i ., 

Glaucopfuine Na a ( Mg- A I- ) SisO aa ( OH i , 

Riebeckite Na a ( Fe.-r* Fe a ’ 4 * ) Si s O-. ( Off i 

A r fvedsonite Na* Fe Fe *’ SinO aa ( OH ) . £ 

Eckermannite Na.tMgi (Fe' if ,AI ) SisCK.fOH i 

Composition. Each of the listed calcium Him 
amphiboles has a ferrous iron equivalent and would 
be indicated by the prefix ferro-. for examplr, 
ferrotremolite. Also, nirne ferric iron and nw^n 
in the place of the Oil groups can occur in flip 
ferroainphiboles and is intlicatetl bv the prefix 
ferri-, for example, ferritremolite; the term ow 
hornblende is commonly applied to the ferrium 
pbiboles. A high content of fluorine i- indicated |.\ 
the prefix fluoro-, for example, flitorurimimingtnn 
ife. The iron content in the anthopln llitc -rru- 
seems to be limited to about fiO mole r \ «»f tlie mu* 
end member; a higher concentration of iron tr 
**u Its in the monodinic cummingtonite. Gummmi: 
tonite with less than 2f> mole, <1 of the iron i-nd 
member i* unknown. The overlap between (»** 
mole r ! f iron between the two series i*. prohahh 
the result of different amounts of aluminum p;ir 
ticularly in the anthophyllite. For the \a-C.a am 
pbiboles. solid solution between an\ of the end 
members is possible so that a single ervstal 
be composed of contributions from some in difTri 
ent end members. The general term hornblende i* 
usually applied to these solid solutions of dm 
Na-Ca amphiboles. Obviously, a chemical anab^ 
is needed to determine the composition, lloweiw 
certain physical features suggest the dominance «*i 
certain compositions. See Antiiophyluik: O m 
MINGTONtTE; HORNBLENDE. 

Physical and optical properties. All umphil-l-' 

are characterized by two directions of well ile- 
veloped prismatic cleavages which intersect at ap 
proximately 124°. In detail. the magnesium n< h 
amphiboles are generally /light colored (white 
gray, light green ) with the <Jolor darkening to dai 
green, dark brown, or blaclc with increasing in>» 
content. The presence of sodium is often indicate 
by a bluish color, especial!^ in thin sections. 
Mg-rich amphiboles commonly develop long nee< < 
like or fibrous crystals, and there is a rough corn ^ 
tion such that as the iron and aluminum <nntcn 
increases, the individual crystals become progre 
sively more short and stubby. 



Occurrence. The amphiboles as a group are pres- 
ent » s minor constituents in many volcanic, igneous, 
. in d metamorphie rocks and are thus able to form 
ovr r most of the temperature range observed in the 
earth's crust. Amphiboles are present as major 
I( , n slituents in many metamorphie schists and 
ancles, for example, cummingtonite schist, glau- 
r0 ,,hane schist, and hornblende schist. These am- 
plijlmle schists are most common in the middle 
glades of metainorphism. Amphiboles occur as 
^ngue minerals in certain ore deposits and are 
found in many skarn deposits. Ferriamphiholes or 
„ x \ hornblendes are usually the product of oxida- 
tiui) of ordinary hornblendes in lava flows, lnter- 
tuinncd fibrous crystals of tremolite are known as 
nephrite and classed as one of the jades. Fibrous 
ni'herkite is known as the semiprecious stone cro- 
iulolite. or tiger’s eye. Fibrous tremolite. antho- 
pvllite. and rieheckite are used in commercial 
Amphiboles can result from the alteration 
of jnroxenes. Amphiboles of thi* type are oc- 
,,isionallv referred to as uralite and the process as 
ufiili/atinn. The amphiboles can he altered to a 
\,uiet\ of decomposition products with talc, antig- 
oritf*. chlorite, and epidote the most cominonlv 
.»|»ser\ed See AsRKM'OS; (>i.AtM:oi a H ANE ; Jade; 

llil MOl H E. 

Crystal structure. Tht » onipositional variation is 
k«t explained from the \iewpoint of crystal strm** 
lire. In silicates, four oxvgen* arranged at the 
■ i.rner*- of a tetrahedron surround each 4-valent 
-dii on atom. These SiO» tetrahedra can share one. 
two three, or four owgen anions with one. two. 
three, or four neighboring tetrahedra (one oxvgen 
in »Mi h neighboring tetrahedron t and thereby re- 
iI.ht in steps the excess charges on the oxygen 
jtumw. The amphiboles are characterized bv the 
pohmerization of the SiO| tetrahedra into endless 
double chains or ribbons. These double chains with 
th** associated (OII.F.Ol atoms are bonded to 
adiarenf parallel double chains by the other metal 
of the crystal. Extensive miscibility between 
at*»ins of similar size occupying essentially eqtiiva- 
bnl atomic site# (within charge limitations) is 
Vt * r ' common in silicates. The ionic sizes of Mg. 
F«*‘\ Fe u . and Al are similar enough that these 
at'»nw occupy the same type of atomic site in the 
mineral; Na and Ca occupy equivalent atomic sites. 
Jw dn OH. 0, and F. Limited substitution of the 
'dicun atoms by aluminum atoms also can occur, 
"hick extends the range of compositional varia- 
l|, »n. Very commonly one-fourth of the silicon atoms 
arp replaced by aluminum, hut greater replace- 
pn than this by aluminum is rare. Solid solution 
“'tween the cummingtonite series and the calcium 
a mphibotp series is not present even though the 
!^ r ‘ urn sites can be romplMely replaced by the 
,r °n*rnagnesjum atoms in cummingtonite. 
jknetic relations. Because of the lack of solid 
^ution between them, cummingtonite and the 
^ riurn amphiboles can exist together at equilib- 
and they often occur intimately intergrown. 
nt Hhyllite and cummingtonite can exist to- 
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gether, apparently at equilibrium, but anthophyl- 
lile coexisting with the calcium amphiboles seems 
to he rare. 

The temperature of formation of the mineral as- 
semblage is not particularly indicated by the arn- 
phiboles. However, the aluminum- and iron-rich 
hornblendes tend to occur in the higher grades of 
metamorphism and the aluminum-poor hornblendes 
in the lower grades of metamorphism. The sodium- 
ami aluminum-rich hornblende hastingsite is often 
u*-ed as an index mineral for the highest grade of 
metamorphism (granulite facies). .See Silicate 
phase eqitlihiiia: Solid-state chemistry. 

|g.w.d. | 

Amphibolite 

A class of metamorphie rocks. Amphibolites are 
crystalline schists (recrystallized. foliated meta- 
morphic rocks ) of greenish-black color composed 
of arnphibole (hornblende) and plagiorlase feld- 
spar as essential minerals. Prisms of hornblende 
show a preferred orientation defining a lineation 
and. particularly if hiotite is present, also a schist- 
oMfy. Amphibolites are formed by regional meta- 
morphi-m under the conditions of the amphibolite 
facies I about 500°O. See Met amorphic rocks; 
S< HIST. 

Among the metamorphie rocks, the amphibolites 
occupy a position similar to that of the basalt- 
gabbrn rocks of the igneous suite. However, 
whereas basalts and gahhros have been extensively 
investigated, and well-known chemical and miner- 
alogieal criteria exist to distinguish the various 
t\pes (such as tholeiites. tephrites. basanites). no 
corresponding characterization has been made of 
amphibolites. A wide and virgin field is here open, 
and calculation of the newly proposed mesonorms 
will provide a means of standard comparison and 
thus sme as a consilient way of studying amphib- 
olite*! chemically. * great number of chemical ele- 
ments are able to enter into the crystal structure 
of hornblende , iron (II) for magnesium, sodium 
for calcium, iron (III) for aluminum, and others] 
whereby the number of constituent mineral phases 
in the rock is greatly reduced (the principle of 
the paucity of mineral phases). Thus amphibolites 
of \ery complicated chemical compositions are 
usually bimineralic. containing just hornblende 
and plagiocla^e. Three or four chief minerals are 
not unusual, but to encounter five or six chief min- 
eral* is rare. 

Amphibolites may be formed from rocks of 
rather diverse kinds, igneous and sedimentary. Fre- 
quently the nature of the original rock can not be 
determined. 

An igneous parentage (derived from gabbros, 
diabases, basalts, or basic tuffs) may reveal itself, 
for example, in weak foliation, but this is not a 
rule. Quartz and hiotite are often present and in 
some rocks garnets may be present as conspicu- 
ously large, round porphyroblasts. The presence of 
epidote usually indicates a slightly lower tempera- 
ture of formation. Minor amounts of sphene, apa- 
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tite, and opaque ores are almost always present. 
Amphibolites derived from uitrabasic igneous 
rocks are very dark (black) with a high content of 
hornblende: biotite may be present, and some* 
times anthophvilite. See Porphyrobi.ast. 

Amphibolites of sedimentary parentage exhibit 
a much wider range of composition. The lime con- 
tent especially is subject to large variations which 
are reflected in the mineral contents: diopside am- 
phibolites. epidote (zoisite) amphibolites, and 
sphene may he abundant. In other types cordierite 
is present, often associated with anthophvilite. 

Some amphibolites are truly metasomatic and 
may derive from impure limestone or dolomite 
which has reacted with “emanations” containing 
silica, magnesium, and iron. 

Amphibolite has a wide distribution in areas of 
Precambrian rocks and in areas of deeply eroded 
younger mountain ranges. Next to granitic gneiss, 
amphibolite probably is the most abundant crystal- 
line schist. f T.F.W.B.*] 

Amphicoela 

A suborder of the order Salientia distinguished 
from other frogs in having vertebrae that are con- 
cave on both anterior and posterior surfaces. Ribs 
are present in the adult frogs, a feature confined 
to this group and the suborder Opisthocoelu. Only 
four living species belong to the Amphicoela: three 
of the genus Mopehna* the only frogs found in New 
Zealand, and Asraphus truei of the western United 



A male tailed toad (Ascophus truei ) with the cloacal 
appendage, unique to this species, seen protruding 
between the hind legs. 

States and adjacent Canada. Ascapkus is called the 
tailed toad because of a tail-like extension of the 
cloaca of the male that serves as an intromittent 
organ, thus permitting internal fertilization. Small 
streams in forested regions are the habitat of 
Aseaphus; the flattened tadpole, with reduced tail 
fin and stickerlike mouth, is adapted to life in 
swiftly-running waters. See Amphibia; Saukntia. 

fR.C.Z.1 


Amphidiscophora 

A subclass of sponges of the class HexaciinHli,^ 
in which the parenchymul rnicroscleres are hirot u 
lates and never hexasters. The parenchymal me^,. 



Representative amphidiscophorans. ^o) Hyalone.vc: 
with zoanthids encrusting roof tuft of spicules aftvr 
Hyman , 1940). (b) Pheronema, sectioned longitudinal 
t from Hyman, 1940, after Schulze, 1887). 

KrlercH are always free and unconnected, iu vit !.i* 
ing to form a rigid network. The sponge- are nmi 
firmly fixed to a hard substratum, hut arc a»cli«itn! 
in the bottom sediments bv a basal tuft <»r tuft* »* 
spicules. The recognized orders are Amphidi-"'* 1 
and Hemidiscosa. .See Hkxa<:tinki.lii>a. 

| VU).H 

Amphidiscosa 

An order of the subclass Amphidiscophoin in , ‘ lf 
class Hexactinellida. Those sponges are <h s,,n 
guished from the order Hemidiscosi in tlwi 1,1 
hirotulates are amphidiaes Examples of this ° rt ' 1 
are Pheronema , Monorhaphis , and Hyalonetua 

| w n.H 

Amphilinidea 

An order of tapeworms of the subclass Cesfod.irM 
These worms have n protrusible prohosei- ^ 
frontal glands at the anterior end. No holdw^J - 
gan is evident. All members of the order J 
the coelom of sturgeon and other fish. The on \ 




MMorv which i" completely known i- that of \w- 
\ihHirui < illustration a). The 10- hooked embrvo*. 
|iM\r the parental uteni* through a pore, ami if 
ijinn escaping into the water thev ait* eaten In an 
iimpliipori < rustarean. thev undergo further devel- 
iipmeut to a procercoid larva (illustration />). 
\\ hen the parasitized amphipod is eaten In a Mur 
the larval worm enters the coelom of the 
tsdi and develops to sexual maturity. Srr Cfmo- 
IOHU. | f .P-R. | 

Amphineura 

\ flass of the phvlum Mollusca. separated into 
■h** orders Aplacophnra. Monoplacophora. and 
l ,( »h placnphora. Amphineurans are hilaterallv s\m- 
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^phineurg, the chiton, (a) Dorsal view, (b) Ventral 
^c) Internal structure. (From T. I. Storer and R. L. 
lln 9*r, Genera/ Zoology, 3d ed., McGraw-Hill, 19 57) 
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metrical, elongate, marine animals. Most species 
occur in shallow waters: however. Neopilina was 
collected at a depth of 3600 m.‘ The members of 
this class are regarded as the most primitive of the 
inolliisks. The head is reduced and located be- 
neath the mantle. Tentacles and eyes are lacking 
but a radula is usually present. The anterior mouth 
and posterior anus open on the ventral surface. The 
foot is either large and flat, vestigial, or absent. 
The nervous system is without definite ganglia. 
There is a large nerve ring around the mouth 
from which arise two pairs of longitudinal nerve 
cords, the pedal and paliiovisceral. Each pair is t 
connected dorsal to the rectum by a posterior 
commissure. The sexes may he separate or united, 
and usuallv a pelagic larva, the trochnphore. oc- 
curs. Amphineurans range from the Ordovician 
to the Hecent. See Ai»la« ophora ; Monopi.acoi»h- 
ora: Polyplacophora. fc.B.r;.] 

Amphipoda 

An order of crustaceans in the subclass Malacos- 
traca, which lack a carapace, bear unstalked eves, 
and respire 1»\ thoracic branchiae, or gills. The ab- 
domen usually hears three pairs of hirarnous *wim- 
inerets (pleopods), three pairs of rather rigid 
urn pods, and a lelson which mav he lobed or entire. 
The budv is usuallv flattened laterally, and ihc 
pereiopocN (walking legs), unlike those of the Iso- 
poda. are elongated m» that walking is difficult. In 
contrast to the Isnpoda. the maxillipeds lack cpipo- 
dilcs. The sexes are separate, hut reproductive and 
ropulatorv organs are very simple. The eggs are ex- 
truded h\ the female into a ventral brood pouch 
composed of setose lamellae attached to the medial 
bases of the legs. The young hatch as miniature 
adults, growing usuallv to a length of 3-12 mm. ex- 
cept ionallv to HO mm. 

\mphipods arc \erv abundant in the oceans, be- 
ing represented i \ 3200 species. More than 600 
other species occur in streams, lakes, and subter- 
ranean waters and in terrestrial leaf molds and 
mosses. Manv are excellent swimmers. Nonpelagic 
species of the suborders C,ammaridea and Caprelli- 
dea live on aquatic bottoms, plants, and epifauna! 
growths. Predation by amphipods is occasional: 
they are good chewers and either eat aquatic 
plants, debris, and detritus or swallow mud contain- 
ing food particles. A few are filter feeders: others 
feed bv sticking animal tissues. 

Four suborders are known, the Cammaridea. Hy- 
pe i tidea. Caprellidea, and Ingolfiellidea. 

Gammaridea. The pleon, or abdomen (Fig. 1). 
is well developed and the maxilliped bears a palp. 
This is the largest suborder, comprising 3200 spe- 
cies. They are principally marine, but the group 
contains the only nonmarine forms, of which 500 
are limnetic and 80 terrestrial. About 200 of the 
marine species are pelagic, the remainder being 
benthic or intertidal, (.ammarideans have been dis- 
covered in the deepest oceanic trenches, and at al- 
titudes of 3000 meters on tropical islands. 
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Hyperiidea. The abdomen is well developed 
(Fig. 2), but the maxilliped lacks a palp. The sub- 
order comprises about 300 species which are en- 
tirely marine and pelagic. Adaptations to pelagic 
life include suspensory mechanisms such as oil 
storage, broadened body surfaces, and elongated 
appendages. The eyes are conspicuous, due either 
to the proliferation of ommatidea to cover the en- 
tire cephalic area (Fig. 2) or to their complete ab- 
sence in bathy pelagic species. Some hy peri ids 
spend a large share of their lives encased within 
medusae and salps. 

Caprellidea. The abdomen is vestigial (Fig. 2). 
and the maxilliped bears a palp. The body is very 
slender, resulting in the name “skeleton shrimp.” 
Gaprellids are entirely marine. This group contains 
200 species of skeleton shrimps and about 30 spe- 
cies of whale lice, or cyamids. The evamid" arc 
dorsovent rally flattened animals, which are epi- 


Gommoridea and Caprellidea 
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Fig. 1 . Generalized mouth parts of Amphipoda. (After 
G. O. Sart, An Account of the Crustacea of Norway , 
yoI. 1 , 1895 ) 
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Fig. 2. Examples of the suborders of the Amphipoda 
(a) Hyperiidea, Parathemisto bispin osa (Boeck\ female, 
( b i Gommoridea, Lillfeborgia pallida r >Bate», mole, 
(c) Caprellidea, Caprella linearis »L.), male. (After 
G. O. Sars, Crustacea of Norway , vol. 1 , 1895; 


bionts in external orifices of cetaceans. 'I he fiM 
thoracic segment hearing the first gnathopo‘1 •• 
usually fused solidly to ihc head in caprellid". le.o 
ing only six free thoracic segments. Most 
lack the first two pairs of pereiopods (Hg. ^ 1 1 
while a few bear remnants of these leg". Brain lii.il 
lamellae occur on two or three free segment", ami 
female brood lamellae occupy free segments 2 a [,( 
3. Caprellids commonly occifr on epifauna! grnwtli- 
in "hallow water: some of tjiem feed on h>dro/».*n 
coelenterates. A behavioral ^notion similar t<» tut 
of the praying mantid* (fcisects) bus been • « 
sc ribed for them. J , 

Ingolfigllidea. Both alu^men and max.llip^ 
are well developed as in tha Gammaridea. bnt t \v 
head bears a separate ocular lol>e lacking eve" w 
pleopods are simple and leaflike, and the * MK > 
thin, resembling a tanaid. 'Oie suborder conip* 1 ^ 
four species, one in the abyssal sea. one m 
shallow sea, and two in subterranean localities 




Fig. 3. Cyamis boopis Lutken, male. A whale louse 
Coprellideal modified as an epibiont on cetaceans. 
After G. O. Sars, Crustacea of Norway, vo /. 1, 1895) 

Economic importance. Marine specie-, are im- 
|i,n!ant food for various stage* of manv commercial 
Hvperiid* are known as the principal food 
,,i -cal- at certain season*-, and also of hahienoid 
h hales at times. One ganimaridean genus, rhchtra. 
is a minor wood borer, associated with the i-opnd 
l.imruuia. 

\ few fnvsil npccie* are known in Tertiarv artdter 
dcjMisits. Nee Mai m omkac a: see also Cai'KKIII- 
IH 4; (>AM W ARID! A ; HypMUIDKA : MaKINK E«.0*Yn- 
it m. I J.i .n 1 

Amphotericin B 

\n antifungal antibiotic suitable for systemic thcr- 
.ij'\ nf dcefi mycotic infection* a- well as of super- 
in ial infections, ft is produced fin con junction 
w ith amphotericin A) hv fermentation with a 
'train of Streptomyces nodosus. Amphotericin B 
"a- introduced to the market in 1957. Ner Mvr oi - 
«" •*- MHm At.. 

Chemistry. The ultraviolet absorption spectrum 
* v f amphotericin B indicates a rhromophoric center 
•haracteristic for conjugated polyenes, in particu- 
lar a heptuene (seven conjugated double bonds!. 
Ihis deduction is confirmed bv results of catalytic 
Indrogenation. The best provisional formula is 

Amphotericin B is insoluble in water, ether, and 
Mrorarhons; it i* soluble, in dinteihvlsulfoxide 
an d acidified dimethylformamide. Mixtures with 
M »diimi deoxycholate are nomewhat soluble in wa- 

tp r . 

Assay and antimicrobial activity. Amphotericin 
s n ‘ av assayed in broth dilution test against 
'Mrharomvcps ccrcvisiae. Diffusion in agar is rn- 
a f°r *n assay method. See Bioassay. 
cr fi an f*microbial activity of amphotericin B is 
° n nec * hi yeasts and fungi; bacteria are not in- 
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hihiled by it. Minimal inhibitory levels of ampho- 
tericin B for v easts and fungi can readily be de- 
termined bv streaking the inoculum onto nutrient 
agar in which the drug has been incorporated. Mi- 
crosporon audouini , Candida albicans , Cryptococ- 
cus neoformans % Histoplasma capsulatum (yeast 
phase ) . Saccharomycps cerevisieae f and Aspergil- 
lus fumigatus are all inhibited at less than 
2 /xg/iril. Many filamentous fungi and certain other 
microorganisms are inhibited only by somewhat 
higher concentrations; for example, the fungus 
Fusarium bulbigenum requires 15 /ig/rnl, and the 
bacterium Nocar dia asteroides requires 40 /ig/ml 
for inhibition. An interesting relationship prevails 
with Sporolrichium schenckii in which the yeast 
pha«-e is inhibited at less than 0.07 /ig/rnl but the 
mycelial phase is not inhibited below 40 /Ag./ml. 
Nee Ba< ikria: Fi nci; Yeast. 

Resistance to amphotericin B is not developed 
hv repeated transfers and growth in subinhibitory 
concentrations of the drug (occasionally slight re- 
sistance two- or threefold). Sec Nystatin. 

Pharmacology. Amphotericin B is essentially 
nontoxic by on?) administration. The acute toxicity 
in mice when the drug is administered intraperi- 
toneally (FD™ = 3000-5000 mg/kg) and intrave- 
nou-lv ( FlJ,„ = 8-20 mg ''kg) is also low. After in- 
travenous administration in man of 1 mg / fkg) 
(dav i. transient anorexia, chills, and fever may be 
encountered. Some toxic manifestations which may 
require reduction in dosage are nausea and vomit- 
ing and high blond urea nitrogen or high nonpro- 
teiu nitrogen. 

Absorption after oral administration is low in 
both laboratory animals and humans. Low* plasma 
or serum titer*. 1 0.04-0.5 jwg ml) can be detected 
and -mall amounts are detected in the spinal fluid 
(0.15 /ig'ml). After intravenous infusion of am- 
photericin B with odium deoxvcholate. blood lev- 
els persist for 18 hours. Treatment is usually pro- 
longed for 4 8 week* for adequate cures. 

Therapeutic effect. In experimental Candida 
albicans infections in mice, high therapeutic activ- 
itv i* exhibited hv amphotericin B when adminis- 
tered either parenterallv (0.2 mgkgi or by mouth 
i 1 mg kg». Activilv in vivo i*- al*o shown against 
Histoplasma capsulatum and Cryptncoccus nro- 
iormans experimental infections in mice. 

In human therapy desirable therapeutic activity 
in sv*temic infection* i* best shown when the drug 
is administered intravenously. Oral dosage is ap- 
parently not absorbed rapidly enough by humans 
for the best therapeutic effect in anv systemic in- 
fection* except with very sensitive yeastlike fungi. 
Good therapeutic effects are obtained from 4 g day 
in gastrointestinal moniliasis; 200 mg daily suffices 
for prophylaxis against gastrointestinal yeast over- 
growth during antibacterial therapy. Sec Monima- 
ms. 

In therapv of deep mvcoses a more soluble mix- 
ture of amphotericin B with sodium deoxvcholate 
is dissolved in 5 c r dextrose solution and infused 
intravenously. Dosage of 1 mg kg of body weight 
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per day gives therapeutic results in many cases of 
disseminated mycotic infections including coccidi- 
oidomycosis, cryptococcosis, moniliasis, and histo- 
plasmosis. See Coccidioidomycosis; Cryptococ- 
cosis; Histoplasmosis. 

Production. In the commercial production of 
amphotericin B the fermentation is carried out by 
growing the organism Streptomyces nodosus in a 
medium of soybean meat glucose, and calcium car- 
bonate in 18,000- gal fermentors. The medium is 
agitated mechanically and aerated vigorously with 
sterile air during the process. The entire operation 
is similar to other antibiotic fermentations. Recov- 
ery from the broth is accomplished with the same 
methods used for nystatin except that during the 
purification the amphotericin B must be separated 
from amphotericin A by use of the differential sol- 
ubilities of the two substances in solvents. Sre An- 
tibiotic. [r.k.b.1 

Bibliography : H. Welch and F. Marti- 1 bane/., 
Antibiotics Annual 1955-1956, 1956. 

Amphoterism 

The manifestation of both acidic and basic prop- 
erties by one chemical substance. The hydroxides 
or oxides of aluminum, trivalent chromium, zinc, 
divalent tin. lead, antimony, arsenic. gold, and 
platinum are familiar examples of amphoteric sub- 
stances. Consider the behavior of crystalline 
Zn(OH) 2 which is soluble in both acids and bases. 
An often- per formed laboratory demonstration is 
the following: To an aqueous solution containing 
n moles of zinc chloride, 2n moles of NaOH is 
added. A white precipitate of Zn(0H) 2 (possibly 
initially hydrated) is produced. Another 2 n moles 
of NaOH plus a small excess is now added and all 
of the zinc is again in solution. Tt is now In 
zincate ions. The zincate ion is the result of the 
loss of two protons (H*l by the ‘zinc hydroxide. 
These are neutralized by 2 moles of OH . The for- 
mula of the zincate ion is sometimes written as 
Zn0 2 2 ’, but recent studies indicate that the ion is 
ZnfOH)* 2 ' (possibly containing additional water 
of hydration). Because zinc hydroxide acts either 
as an acid or a base it is said to be an amphoteric 
substance. 

Stepwise phenomena may he detectable if condi- 
tions can be sufficiently well controlled to reveal 
the presence of an intermediate such as ZnOH* 
or HZnOs . This subject is too specialized for dis- 
cussion here. 

Many organic molecules contain both carboxyl 
groups (acidic) and amino groups (basic). As a 
result they are amphoteric. A very simple example 
is glycine, H 2 N — CH 2 — C0 2 H. In aqueous solution 
the carboxyl group dissociates to produce a hydro- 
gen ion. In so doing it leaves a negative charge on 
one end of the molecule. At the other end of the 
same molecule the amino group accepts a proton 
and thereby acquires a positive charge. The result 
is the hybrid ion ( zwitterion ) , 

♦NH.i — CH 2 — C0 2 


A solution containing the ion resists either an 
increase in [HaO 4 ] or a decrease because the ion 
(and glycine itself) are amphoteric. In this exam- 
ple no precipitation is involved. The phenomena 
are easily observed, however, with a pH meter, and 
in a well-equipped laboratory with electrical up. 
paratus which can detect the large dipole moment 
of the zwitterion. See Acid and bask; Ei.eitho. 
phoresis; Equilibrium, ionic. It.i.y.] 

Amplifier 

A device capable of increasing the magnitude or 
power level of a physical quantity that is varving 
with time, without distorting the wave shape of the 
quantity. The great majority of amplifiers are eta. 
t runic and depend upon vacuum tubes or transistors 
for their operation: such amplifiers will he dix. 
cussed in this article. A small number of electtonu 
amplifiers are magnetic amplifiers, while ntheis 
take the form of rotating electrical machinery. *m*h 
as the Amplidyne. A common nonelectrical ampli- 
fier is the hydraulic actuator, which is an amplifier 
of mechanical forces. See Direct -( uriient motuh 
Hydraulic altcatok; Magnetic ampi.ihir. 

VACUUM-TUBE AMPLIFIERS 

Basic principles. The basic electron-tube ampli- 
fier consists of a vacuum triode tube and associated 
circuitry, as shown in Fig. 1 . The signal voltacr 
to he amplified is applied to the input. 01 grid 
circuit and the amplified signal appears across th* 
load resistor Hi in the anode (plate), or output 
circuit. A gain in voltage, current, and power i- 
thereby provided. By selection of tubes and 
sociated circuitry, one of thr*<^gains ma\ be maxi- 
mized. 

Quiescent operation. In normal operation a -mall 
negative voltage called a bias voltage. 1- 

applied to the grid of tube. This voltage cstabli^hi- 
a definite plate-to-cathrale current through the tube 
for a fixed load resistor Hi, and bigh-potenti.il 
plate-supply voltage E^isee Vacuum tube). Ihi- 
plate current />, is called the quiescent current sjnrr 
it is the zero-signal current. A dc voltage drop 
hHi, appears across the output terminals berau-e 
of the flow of the quiescent current through the 
load resistor. In the vacuum tube, electrons* arc 
emitted by the cathode and pass through the grid 
to the plate. The direction of “conventional" <’iir 
rent is opposite to that of the electron, and there- 
fore the plate current (conventional notation 1 
flows from plate to cathode. 




Small signals. If a small signal voltage is added 
to the grid bias voltage, the instantaneous grid 
v 0 itage e, is the algebraic sum of the bias voltage 
£ ( ami the signal voltage #v As the instantaneous 
^rid voltage changes, the plate current i h changes 
in proportion to the grid voltage changes. The re- 
-ult is a net plate current U that is the algebraic 
sum of the quiescent plate current h, and a varying 
oi signal component of plate current i,.. 

The passage of signal current i p through the load 
r( .*Mor results in an output voltage o„ that is the 
product i v Rr- The ratio of e„ to the grid signal 
ullage t\, is the voltage gain A of the amplifier. 

If the root-mean-square frms) value of signal 
.ijircnt is /,„ the signal power delivered to the load 
i* I.JRl watts. For the typical voltage-amplifier 
lariiiini tube the output power mav he as high a* 

1 watt. For output tubes used in radio, television, 
jnd phonograph amplifiers the power output may 
run between 2 and 20 watts, with a few units having 
mu, h greater output ratings for public address 
amplifiers and the like. Large pnwei amplifiers used 
m broadcasting and commercial rf heating genera- 
tor* range up to SO kilowatts in power rating. 

] .uger tubes are occasionally used. 

Classifications. Amplifiers mav be classified in 
an\ one of several ways. One is bv the type of 
mi mini tube, such as l mode amplifier. Another 
1- |»\ means of the coupling circuitry, such as an 
IU '-coupled < resistance-capacitance coupled ) am- 
plilier. Other categories include classification by 
i-Mipose. such as hi-fi (high-fidelitv audio ampli- 
tiri i and mode of operation, such as Class A. 

Nmie of the more common methods of riH**ifira- 
tmn follow with a brief description of the operating 
l«rnpertics involved. 

(Jussi f\ait inn h\ coupling methods. A great deal 
<»t information about an amplifier is ronveved by 
Mi'Trlv stating the interstage coupling method used. 
!!’«• more common tvpes are listed below. 

1 RC-v oupled amplifier. This amplifier is so 
named because of the coupling capacitor from the 
I'ldte load resistor to the grid resistor of the follow- 
in': stage, which blocks the dc plate voltage from 
reaching the grid. It is by far the most common 
‘ ,ir m of audio amplifier because of its simplicity 
‘in,l because it can he designed with nearly rnn- 
'tant amplification over a wide frequency range. 
]t b essentially an audio amplifier, although with 
^ ! 'ch frequency compensation the upper half-power 
frequency can he extended to several megacycles 
per second (Me). The lower half-power frequency 
*na\ Ik* on the order of 20 cycles per second (cpsl 
‘ ,n d can he extended to lower frequencies hv using 
(,w frequency compensation. 

1 roped an ce-r oupled amplifier. In an imped- 
flue-coupled amplifier. the‘ plate load resistor or 
,,p urid-leak resistor, or both, of the Rf- -coupled 
® ni plifipr are replaced with an audio choke (an 
! r «n-core inductance having low resistance). The 
,n urtance forms a resonant circuit with the cou- 
J ln g capacitor at low frequency and with the shunt 
a P a <itance at high frequency. This type of atnpli- 
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fier is rarely used except for special applications. 

3. Trunsformer-coupled amplifier. This ampli- 
fier is so named because two stages are coupled 
through a transformer. The dc plate voltage of the 
lube is blocked from reaching the grid of the fol- 
lowing tube by the transformer. Transformer cou- 
pling was at one time used in audio amplifiers, but 
this practice has been superseded by RC coupling 
because of the generally inferior frequency re- 
sponse of the transformer. Transformer coupling 
finds wide application in tuned amplifiers, such as 
rf f radio-frequency ) and i-f (intermediate-fre- 
quency) amplifiers, where tuned air-core trans- 
formers or transformers with a core of powdered 
iron are used. 

4. Direct-coupled amplifier. This form of ampli- 
fier. usually called a dc amplifier, allows the 
amplification of dc as well as ac signals. It has 
special circuitry, either in the coupling network or 
in the tvpe of amplifier stages, which eliminates 
the need for the coupling capacitor. In direct- 
coupled amplifiers problems arise with drift pro- 
duced hv change* in the emission of the vacuum 
tubes. Therefore, special techniques must be em- 
ployed to reduce the undesirable signals in the out- 
put to negligible values. This type of amplifier find* 
extensive application whenever very low frequency 
signal* must be amplified, such a* in certain medi- 
cal instruments and servomechanisms. It also finds 
extensive application in the electronic differential 
analv/er < analog computer I . 

Classification hx selectiiity. An important fea- 
turi of some amplifiers is their ability to amplify 
only tho*e signal* lying within a certain band of 
frequencies and to reject signal* outside this hand. 
Other amplifiers are designed to amplify an ex- 
trcmelv wide range of frequencies. 

1. Tuned amplifiers. A tuned amplifier is one 
which is designed P* amplify signals in a frequency 
hand that i* centered on a chosen carrier fre- 
quenev and not to amplify signal* which lie outside 
this band. Tuned amplifiers form an important part 
of radio and television receivers in the rf and i-f 
amplifier sections. The signal picked up by the 
antenna and appearing at the terminals of the 
receiver is composed of the desired signal along 
with *ignals from other stations. The receiver is 
tuned to the carrier frequency of the de*ired signal, 
and the tuned amplifiers amplify the desired signal. 

A tuned amplifier is formed by using a plate load 
imnedanee which is a resonant circuit. Since the 
tuned amplifier almost without exception uses a 
pentode, which has high plate resistance, the fre- 
quency response of the amplifier is determined to 
a good approximation by the behavior of the plate 
load impedance with frequency. The gain is maxi- 
mum at the resonant frequency and decreases for 
frequencies on either side of the resonant fre- 
quency. An example of a single-tuned circuit is 
illustrated in Fig. 2. 

The resonant frequency of the amplifier (the 
frequency of maximum gain) may be selected by 
varying either the inductance or capacitance in the 
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circuit. For an i-f amplifier, where the resonant fre- 
quency is constant at the intermediate frequency, 
the tuning for maximum gain is done at the time 
that the receiver is aligned and remains fixed, ex- 
cept for adjustments made necessary by aging of 
the components or replacement of the tubes. On the 
other hand, the tuning of an rf amplifier in a radio 
receiver must be variable in order to receive sta- 
tions transmitting at different carrier frequencies. 
The tuning is usually done with a variable capaci- 
tor. 

One of the simplest tuned-amplifier circuits is 
shown in Fig. 2. More complicated circuits em- 
ploying tuned transformers (with air cores or 
powdered-iron slug cores) are often used to obtain 
different frequency response characteristics for 
the amplifier. In addition, cascaded amplifiers some- 
times have different resonant frequencies for each 
stage in order to produce the required frequency 
response. Such amplifiers are called stagger-tuned 
amplifiers. 

2. Untuned amplifiers. An untuned amplifier is 
one in which the coupling circuitry is not a tuned 
circuit. The audio amplifier and the direct-coupled 
(dc) amplifier are the most important of this type 
of amplifier. The untuned amplifier is considered 
to be a broad-band amplifier; that is. it is capable 
of amplifying signals in a wide range of fre- 
quencies. However, it should be noted that a tuned 
amplifier can have a much wider bandwidth than 
that of the best audio amplifier if the resonant fre- 
quency of the tuned amplifier is sufficiently high. 

3. Broad-band amplifier. This term is sometimes 
used to denote an untuned amplifier. However, it is 
not a precise description of the amplifier, since a 
tuned amplifier can also have a wide bandwidth. 

4. Narrow-band amplifiers. Tuned amplifiers are 
narrow-band amplifiers. The bandwidth of the nar- 
row-band amplifier is small compared to the reso- 
nance frequency. For example, the bandwidth of 
the rf amplifier in a television receiver is on the 
order of 6 Me. This is a value which is very large 
compared to the bandwidth of an audio amplifier 
and the same order of magnitude as a video ampli- 
fier, but is small compared to the carrier frequency 
(typically over 100 Me) of the television signal. 

Classification by operating mode . The operating 
modes of vacuum tubes are prescribed by the 
designations Class A, Class B, and Class C. with 
certain divisions among the classes. The distinction 


between the various classes is determined (or a 
sinusoidal signal voltage applied to the grid. 

1. Class A operation. A tube operates in G ai>s 
A when plate current flows for a full cycle of if,,, 
sinusoidal signal voltage applied to the grid. Thb 
means that the peak value of the signal voliagv j„ 
less than the bias voltage, ensuring that the grid-to- 
cathode voltage is never more negative than the 
cut-off voltage for the tube. Class A operation K 
often extended to mean that the vacuum tube j s 
operating linearly ; but the tube characteristics r aU 
be such that the output is distorted even though the 
operation is Class A. 

2. Class B operation. A tube operates in (;| asv g 
when the plate current flows for only half of the 
cycle of the input sinusoidal signal. In order tor 
this to happen, the tube must have a hia* equal to 
the cut-off voltage. Then the gridrto-cathode voltage 
is more positive than the cut-off voltage <>nl\ vv hen 
the signal is positive (which it is for half a cycle i. 
Tubes can be operated Class B in a push-pull < ir 
cuit with an appreciable improvement in the Hli 
ciency from a power standpoint, hut a single-ended 
amplifier stage of an audio amplifier cannot U- 
operated in Class B without introducing conMchr 
able distortion. 

3. Class AB operation. A lube is operating m 
Class AB when the plate current flows for mor* 
than half of the cycle hut for less than a full r\« It 

4. Class C operation. A tube operates in Chi*- 
C when the plate current flows for les* than half j 
cycle of the sinusoidal input signal. The bias, then 
fore, must he more negative than the mt-off \;iln» 
for the tube. Class C operation is used rxten*n**h 
in rf power amplifiers, such as the final Mage* a 
radio transmitter, hut is not used in audio aniph 
fiers. Class C amplification has the ability to fuini-l' 
an appreciable amount of power to a tuned ki<f 
with a high plate-circuit efficiency. 

It should he noted from the definition* «f 
classes of operation that in practice Cla*- B npn t 
tion ran never he achieved precisely *ince tb'- 
would require that plate current flow for exaiih 
half a cycle. If it did not. then, according to ik 
definitions, the operation would he Class AB nr 
Class C. In general usage the term Clas* B Opt ra 
tion means plate-current flow for very nearly half a 
cycle. The distinction between Class B operation 
and Class AB operation is not sharply defined. 

In addition, the above classes of operation art 
further subdivided by the Addition of subscript* l " 
the letters A. B, and C. to indicate whether or 
grid current flows. Thus, tfcerc ran he Cla** B ° r 
Class B 2 operation. The Subscript 1 denote* * " 
absence of grid current, xihile the subscript . 
dtcates that grid current fl^ws during some P arl 0 
the grid-signal cycle. , 

Classification by tube tjfpe. Amplifiers may 
classified according to the tpbe types used. 

1. A triode amplifier is one that employs a 
vacuum tube as the source of amplification. “ ^ 
eral, this type of amplifier is used as an « l 
amplifier, although triodes are used in the 



frequency range in cascode and grounded-grid 
amplifiers. See Cahcodk ampuhkr. 

2. A tetrode amplifier employs a tetrode as the 
soun e of amplification. This amplifier is practically 
extinct now, although before the development of the 
pentode it was employed as a high-frequency ampli- 
,ier. 

3. A pentode amplifier employs a pentode vac- 
uum tube as the source of amplification. This 
d vnplifier finds wide use in rf, i-f, and video ampli- 
fiers where the characteristic large amplification 
factor and high plate resistance permit the ac- 
companying coupling circuitry to have frequency 
response characteristics that are, to a good approxi- 
mation. independent of the tube. 

4. The beam-power tube is a power-output tube; 
therefore this tube is used in power amplifiers. The 
special characteristics of the tube make it suitable 
for the power amplifier in a single-ended output, 
although it can be used as one tube of the pair in a 
pusli-pull amplifier. See V\ sii-euu. amplifier. 

Classification by application. Amplifiers may be 
classified by the use for which they are designed. 

1. Audio-frequency tafl amplifiers are intended 
In operate over the general range of about 20-20.- 
<KMI < ps. Those capable of operating over this full 
itinp* with a minimum of distortion are often re- 
ferred to as high-fitielitv (hi-fi t amplifiers if they 
in* used with sound-reproducing equipment. Spe- 
.ia! purpose amplifiers, such as those used in auto- 
mat n machinery-control equipment, often operate 
m tlu* audio frequency range. 

2. Radio- frequency < rfl amplifiers are used to 
amplify signals in the range of about 100 1.000.000 
kilm \i les. The\ are usually used as the first ampli- 
fier Mage in selective radio recei\crs, including 
automobile receixers. Because of the additional 
<■<•>1 tliry are usually not used in the average home 
fecmcr designed for local reception. 

lutermediale-frecjuenev (i*fl amplifiers are 
J'nl in radio, radar, and television receivers. The 
maturity of broadcast radio receivers employ i-f 
amplifiers operating at 465 kc; some automobile 
re* nwrs use 262 kc. Communication receivers 
oMiunonlv use 16(X)-kc i-f transformers. In fre- 
'l>u*nrv -modulated (FM) receivers an i-f of 10.7 

i* used. Television receivers use 26- Me or 
^Mc i-f frequencies. Hadar receivers commonly 
l,H * M-Mr or 60 -Mc i-f amplifiers. 

Cascade amplifier. Since, in most applications, 
0,1,1 of amplification does not provide enough 
win, Iwo or more stages are connected together 
'beaded) to provide the required gain. For ex- 
arn ph'. manv radio receivers have two i-f amplifiers, 
* in <l the more sensitive receivers have three stages. 
N,T nilarlv, there may lie two stages of amplification, 
a,, d possibly a preamplifier, preceding the power 
4,n plifier i n an audio amplifier. 

( " nn <*n<i frequency response . The gain of an 
dril plifier is defined as the ratio of the output volt- 
input voltage for a sinusoidal input 
^ ! nder the usual method for analyzing ac 
lrn »t», the gain la a complex number indicating 
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the magnitude of the gain and the phase angle by 
which the output voltage lags the input voltage in 
time. Since the gain is a function of frequency, 
because of the reactive circuit elements, the figure 
for the gain should he accompanied by the fre- 
quency at which it was determined. The practice 
is to quote the gain for the midhand region of an 
audio amplifier or the gain at the resonant fre- 
quency for a tuned amplifier. The terms gain and 
amplification are synonomous. the former being 
more commonly used. The gain of a cascaded 
amplifier at any frequency is equal to the product 
of the gain of each stage. The gain of each stage 
must he measured or calculated when the stages 
are connected together, if the frequency at which 
the gain is being measured is above the midhand 
range for an audio amplifier, or if the amplifier 
is a tuned amplifier. This is necessary because the 
input impedance of the following .stage causes the 
gain of a stage to he different from what it would 
be if the following stage were not connected. This 
is important at high frequencies because the dom- 
inant component of the input is a shunt capacitor. 
If the frequence at which the measurement is made 
is in the midhand range or lower for an audio am- 
plifier, the reactance of the input capacitance is 
sufficiently high to allow it to be neglected, and 
the gain the product of the gain of each stage, 
where the stage gain is measured before cascading. 
•See VOLTAGE AMPLIFIER. 

Frequency response. The frequency response of 
an amplifier is the behavior of the magnitude of the 
gain as the frequency of the sinusoidal input signal 
i« varied from a sufficiently low r value to a suffi- 
cient lv high value. A definition for a frequency 
that is sufficiently low (or high I is that frequency 
at which the gain is on the order of 10*7 of the 
maximum gain. 

The frequency response of a cascaded amplifier 
is different from the frequency response of the 
individual stages. For example, if an amplifier is 
composed of two identical stages cascaded, and at 
a given frequency the magnitude of the gain of 
each stage is 80 of the maximum magnitude, then 
the magnitude of the over-all gain is 64 r i of the 
maximum. Furthermore, the phase shift at that 
frequency for the over-all amplifier is twice the 
phase shift of each stage. Thus, the bandwidth of 
the cascaded amplifier is always less than the band- 
width of the individual stages. (The bandwidth is 
tlv frequency different e between the upper and 
lower frequencies at which the gain is 0.707 of the 
midband gain for an audio amplifier or of the gain 
at the resonant frequency for a tuned amplifier.) 
This fact often poses serious problems in the design 
of amplifier stages. One place where this problem 
is frequently met is in the design of a video ampli- 
fier. 

Phase response . The phase response of an ampli- 
fier is the behavior of the phase shift as the fre- 
quency is varied from a sufficiently low value to a 
sufficiently high value. The phase response and the 
frequency response of the typical amplifier are not 
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independent functions of frequency. Thus, a given 
frequency response for an amplifier has an as- 
sociated phase response, which is determined at 
each frequency (except for possible multiples of 
180° phase shift) by the frequency response of the 
amplifier. An amplifier with a phase response that 
is independent of the frequency response must 
employ special phase-correcting networks. 

Signal response. Response to a specified input 
signal is of prime importance in selecting the 
proper amplifier for a particular application. 

Frequency response. The frequency response of 
an amplifier is the behavior of the gain as a func- 
tion of frequency. It is one of the most important 
characteristics of the amplifier, because the fidelity 
of the amplifier depends to a large measure on its 
ability to amplify uniformly the frequency com- 
ponents of the input signal. In other words, if the 
frequency components of the input signal lie out- 
side the frequency range for which the amplifier 
has essential!) constant gain, then these compo- 
nents are not amplified by the same amount as the 
other components and the output signal is a dis- 
torted version of the input signal. 

The frequency response of an R ( ’ coupled ampli- 
fier (which is considered here since it is the most 
common audio amplifier) can be expressed in terms 
of the mid frequency gain. In this region the ampli- 
fication is essentially constant with frequency. The 
midband region of a stage extends from a lower 
frequency where the reactance of the coupling 
capacitor is on the order of 1(K, of the grid re- 
- (stance to an upper frequency where the react- 
ance of the shunt capacitance is on the order of 
10^ of the plate load resistance. Throughout the 
midhand region the phase shift is essentially con- 
stant at 180°. and the gain is essentially constant. 
The midband gain of an RC-mupled amplifier stage 
is the maximum that the stage cart have. If the fre- 
quency components of an input signal lie solely 
within the midhand range, frequency distortion is 
negligible. 

High-frequency compensation. As the frequency 
is increased above the upper limit of the midhand 
region, the gain decreases because the reactance of 
the shunt capacitance is decreasing. The frequency 
at which the reactance of the shunt capacitance 
equals the plate load resistance is called the upper 
half-power frequency (or the upper cut-off fre- 
quency). High-frequency compensation is em- 
ployed to increase the upper half* power frequency. 
One technique is to place a small inductance in 
series with the plate load resistor. The inductance 
resonates with the shunt capacitance. The result 
is that the value for the inductance can be chosen 
to extend the midband region of the compensated 
amplifier without introducing undesirable char- 
acteristics into the frequency response. 

Low-frequency compensation . As the frequency 
is decreased below the lower limit of the midband 
region, the gain decreases because the reactance of 
the coupling capacitor is increasing. The frequency 
at which the reactance of the coupling capacitor 


equals the resistance of the grid-leak resistoi j, 
called the lower half-power frequency (or the lnw«* r 
cut-off frequency). Low-frequency compensation j s 
employed to decrease the lower half- power fiy. 
quency. The customary technique by which this 
done is to have a plate load impedance that j n . 
creases with decreasing frequency. This is arroiu. 
plished, within limits, by the circuit shown in Fig. ;j 
At sufficiently high frequencies, the reactance „f 
Ci is much less than the resistance of R i or R 2 . Th? 
equivalent plate load resistance is then jr,,, 
sufficiently low frequencies, the reactance of (, , 
much greater than the resistance of /{,. The eipm d . 
lent plate load resistance is now R\ ( R . t and h as 
increased with decreasing frequency, as required 

Pulse rise time. The common definition for pola- 
rise lime is the time required for the puUe to i n . 
crease from 10 ( i of its maximum value (assuming 
no overshoot) to 00',' of its maximum value {«<.,- 
Fig. 4). The rise time of the puNe is a function of 
the frequency response of the amplifier and tan lu- 
determined bv applying the Fourier integral. TV 
rise time At is inverse! v proportional to hand- 
width B % the constant of proportionality taken 
as about 0.35. 

At - 0.35 R 

Bandwidth is inversely proportional to equivalent 
load resistance R... } and shunt capacitance ( «>< 

an amplifier stage; thus the expression lor puk 
rise time mav he written as At = 2:lR ,.L. 

Undesirable conditions. There are a mimhei <.f 
undesirable condition- that mav occur in amplifi* !- 
produced bv improper circuit design and bv in- 
herent limitations in the physical operation <»t 
the devices. In general, good circuit design * .u> 
reduce all of the undesirable conditions. ui< iuihng 



Fig. 3. Low-frequency compensation. 



“H width onderAool 

Fig. 4. Important pulse characteristics. 



those caused by physical limitations, to the point 
w here they are not noticeable. 

Distortion. If the output signal from an amplifier 
is not an exact replica of the input signal, distor- 
tion lias occurred. In theory it is impossible for an 
arn plifier to avoid introducing distortion. On the 
()t her hand, amplifier* have been designed in which 
the distortion is extremely small. Distortion is in- 
troduced by two factors in the amplifier. One factor 
j s a nonlinear relation between the input signal 
a ml the output signal. If the input signal is a 
.jniixoidal signal, the output will be composed of 
harmonica of the input. The second factor is the 
frequency response of the amplifier. Since the gain 
„t the amplifier is not the same for all frequencies, 
•hr amplification of each harmonic component of 
, n input signal is not necessarily the same as that 
..f the others. The output signal, since it is a super- 
(nisition of the harmonic component*, differs from 
the input signal. Distortion caused hv nonlinearities 
in the amplifier and hv the frequency response of 
the amplifier can be reduced b> the proper use of 
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\oise. The noi*c encountered in vacuum-tube 
. ir« uitr> rna\. in general, be classified into thermal 
nH-e and shot noise. Thermal noise is cau-ed by the 
random motion of electrons in*ide resistors, ron- 
( |,j, tor*, tube*, and transistor*. It ha* the chai- 
j(t<fi*iic of having uniform power per unit band- 
width. Furthermore, the noise power is direct Iv 
proportional to the temperature when the ternpera- 
•i.n* i* expressed in degree* Kelvin. Shot noise is 
:}i»* name given to the noise generated in vacuum 
•uhes | > v the random emission of electron* from 
*l'.r cutliode. 'Hie random emission produces 
minute fluctuations in the average value of plate 
• iirrrnt. These fluctuations produce a small noise 
o»li, me of the same order of magnitude as thermal 
mim*« <a few microvolts i. 

In analv/e the effect of these noise source* upon 
ih*' t irciiit and to design the optimum circuit. noi*c 
Lvm-idtors are used. and the analysis proceed* in a 
-imightforward manner. Although noise voltages 
in heroine bothersome in audio amplifiers, the 
’Ti"-! common situation where thev mu*t he con- 
'idrred is in the design of rf amplifier*, where 
'piitn often the signal to be amplified i* not much 
than the rms value of the noise voltage. Sec 
Wk. F.I.KC1HICAL. 

This is a signal appearing in the output. 
'Miallv at the 60-cps frequency of the supply volt- 
Hum is generally small in magnitude, but im- 
P r, q»er design of the amplifier can make it notire- 
I "hen the input signal to4he amplifier i* small. 

1 ** < j»»Kcd by several factors, such a“ an elrrtri- 
kakage path from heater to cathode, improper 
Power-supply voltage filtering, and current path* 
"‘^n to the signal and heater currents. 

;*Ace the heaters of vacuum tubes are. almost 
m exception, excited with alternating current. 
(f , . s P^ible for electrons emitted from the heater 
th e a ? lracle ^ to the cathode and return to ground 
ro,, Rh the cathode resistor. When this happens 
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there is a component of the grid-to-cathode voltage 
at the hum frequency. This attraction of the elec- 
trons by the cathode can he reduced to a low level 
by having the heater biased positive with respect to 
the cathode. Since this requires an additional low- 
voltage de source, it is rarely done. Instead, tubes 
with low leakage are used. 

If the power-supply voltage, which is obtained 
by transforming and rectifying the line voltage, is 
not properly filtered to produce a pure dc voltage, 
the plate voltage for the tubes contains a small 
alternating component at line frequency. This com- 
ponent can be added to the signal voltage at the 
plates of the tubes and is amplified by the succeed 
ing tube*. This action is most pronounced at the 
fir*! tube where the amplified signal voltage i* the 
smallest. Hippie in the power-supply voltage can he 
reduced to a negligible value so that this source of 
burn i* less noticeable than that produced by leak- 
age. 

If the signal current and the heater currents flow- 
in common path*, usually through the amplifier 
chassis, the grid-to-cathode voltage of a tube may- 
have a component caused hv the heater current. 

I lii* effect can he eliminated by having the heater 
current* flow in a separate path, for instance, 
through wire* rather than through the chassis. In 
manv ordinary amplifier*, however, one side of the 
healer conned ion* at the tube* is connected to the 
cl»a**i* to *ave on the wiring cost; this practice 
often produce* hum. 

Degeneration. Thi* undesirable condition i* the 
lo** of gain through unintentional negative feed- 
back. Two common sources of degeneration are 
improperly hvpa**ed cathode re*i*tors and screen 
dropping re*i*lor*. Ideally the cathode and screen 
voltage*- should he constant with respect to the 
signal voltage. However, if the cathode bypassing 
is not effective, the* is. if the signal current flowing 
through the cathode-to-ground impedance produces 
a varying \oltare across the impedance, then the 
grid-to-cathode voltage i* le** than the signal volt- 
age hv the amount of the voltage from cathode to 
ground. Thi* i* equivalent to reducing the gain of 
the amplifier stage. In the case of the pentode, the 
screen current is effected by the grid-to-cathode 
voltage. Variations in the screen voltage caused hv 
the signal voltage will produce an effect equivalent 
to reducing the gain of the stage. Degeneration 
can he reduced to a negligible value hv having a 
hv 4 »ss capacitor with sufficiently small reactance 
at the signal frequency*. 

Regeneration. This undesirable condition is an 
increase in gain through unintentional »vositive 
feedback. In its worst form, the amplifier become* 
an oscillator. Regeneration can be caused hv un- 
wanted capacitive feedback coupling between cer- 
tain stage*. If the regeneration i* just le*s than the 
amount necessary to cause oscillation, the fre- 
quency-response characteristic for the amplifier 
contains a region where the amplification is much 
greater than that in the midband region. This 
causes excessive phase and amplitude distortion of 
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the signal and the possibility of lightly damped 
transient oscillations. See Oscillator. 

Motorboating . This form of regeneration is mani- 
fested as a low-frequencv signal. It is so named 
because the output signal applied to the loud- 
speaker sounds like an outboard motorboat moving 
at slow speed. This condition appears because the 
power-supply impedance is not sufficiently small. 
In an amplifier having three or more stages, the 
plate currents in the odd-numbered stages are in 
phase. These current* flowing through the power- 
supply impedance cause changes in the power- 
supply voltage, which affect the currents in the 
even-numbered tubes in such a way as to cause 
further increase of the supply voltage. If oscillation 
occurs, the grid potential of one of the tubes is 
driven positive, causing grid current to flow. The 
coupling capacitor is charged to nearlv the plate- 
supply voltage through a small resistance. When 
the plate-supply voltage drops, the tube at which 
the grid voltage went positive i* biased more nega- 
tive than cutoff, because of the large voltage on the 
preceding coupling capacitor. This voltage de- 
creases through a large resistance, cutting the tube 
off for a time that is long compared to the time re- 
quired to charge the capacitor. This rapid charging 
and slow discharging of the coupling capacitor is 
a relaxation oscillation causing the output to sound 
like a low- frequency thump instead of a low- fre- 
quency sinusoidal signal. 

Motorboating can he eliminated bv reducing the 
impedance of the power supply. It is quite com- 
monly reduced bv introducing decoupling network* 
flow-pass RC filters’! in the plate-supply voltage 
line to each of the tubes. 

Microphonic effects. Since the plate current 
flowing in a tube is a function of the sparing of the 
electrodes, any vibration or shock that disturbs the 
spacing causes variations in the plate current. 
These variations are amplified and appear in the 
output. If electronic equipment is to he used where 
vibration and shock are expected, the tubes must 
be mounted in special shock- and vibration re- 
ducing mounts. Furthermore, tubes which are 
rigidly and specially constructed to resist shock 
must he used. 


TRANSISTOR AMPLIFIERS 

The transistor plays an extremely important role 
as an active circuit element. For every circuit em- 
ploying vacuum tubes, except for those which op- 
erate at extremely high frequencies, there is an 
equivalent circuit employing transistors. Further- 
more. the physical nature of the transistor makes 
possible circuits that are not possible with vacuum 
tubes. 

Basic principles. The small-signal transistor 
amplifier is essentially a signal-current amplifier, 
whereas the vacuum-tube small-signal amplifier is a 
voltage amplifier. The principal transistor con- 
figuration used is the grounded-emitter connection, 
which corresponds to the grounded-cathode con- 
nection commonly used with vacuum tubes (see 
Fig. 5). 



Two types of transistor are manufactured; <>rw* 
the point-contact type, in which the electrode nm 
nections at the emitter and collector are w j r ,. 
whiskers with extremely fine points; the >ecn n d 
tvpe is the junction transistor, in which the \ aricm^ 
semiconductor materials are in surface conian 
with each other. The point-contact tian*Mi>r 
used primarily for *w itching circuits and the jn„ ( 
tion transistor for linear signal-amplifier circuit- 
See Transistor. 

Transistors are further subdivided according |.. 
the order of the semiconductor materials comply 
ing them. Semiconductor material that iv rupdhli 
of donating electrons to the conduction of rurirrn 
is known as n-tvpe material, while material « apal.i» 
of donating holes i* known as p-tvpe nmtciial Mm 
SLMHONon TOR). Junction transistors consist 
an emitter, base, and collector, in the order gh<-ri 
The arrangement of the t\pr of semiconductor n u 
terial used for each element is n-p n or /#-«-;» r< 
spectively. Figure 5 shows an n p-n transistor m 
plifier; however the same circuit applies for pup 
transistor if the batteries are reversed. 

The choice of n-p n or p n-p transistors i- es- 
sentially governed hv the circuit design. Oltcu « ir 
cuit simplicity can he achieved hv combinations nt 
tvpe* in a multistage amplifier. Munufai luring 
favors ri-p-n tv pcs when a grown-junction prim-* 
is used and p-n-p types when alloyed junction <h* 
sign is used. .See Ji?nc mon transistor. 

Junction potential barriers. At the function W 
tween p - tvpe and n-type material the diffusion » ! 
electrons from the n type material and the ln'k- 
from the p-type material diffuse across the inn. 
tion. In the immediate vicinity of the i unction the 
electrons fill some of the holes producing m-gaiio* 
ion* in the p material while the holes remove mmim* 
of the valence electrons in the n material, prodminj: 
positive ions. These ions are part of the crystal 
structure and are locked in position. The result i- 


a potential difference occulting across the junction 
the n material being positive relative to the p 
terial. 1 , 

Bias considerations . Figure 6 iff « * inl P ,,tir 
sketch of an n-p-n junctiorjf transistor. lor the , ase 
of the transifftor disconnected from any circuitry 
there are two equal and opposite electric njrr< J w 
flowing across the junctions between the p an 
material. These currents are the following. ^ 
1. Recombination current flowing from P ,0 
material and due to the diffusion of electrons r 
n to p region plus the diffusion of holes * r °"l 
p to n region. The electrons diffusing into 
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Fig 6. An ri-p-n junction transistor. Solid curve shows 
natural junction potentials. Dashed curve shows junc- 
tion potentials modified by biasing. The recombination 
current Ir and the thermal current / , are indicated at 
one of the junctions. 


rrgion eventual l> recombine with hole**. Since a 
hole is a mining vakrn electron. the reminhina- 
:ion re-ult* in the annihilation of the hole. Simi- 
laris . hole’s diffusing into the n region reromhine 
with free elei Irons. 'Phi's process goe* on cuntinu- 
ilK hut may he modified h\ externalU applied 
oiltagew across the junction-. 

1 Thermal current flowing from n to p material 
and tine (n the thermal breaking of \alenee electron 
!"»nd-s. thus freeing the elec tron from the parent 
i f «»m ;tnd thereby producing a free electron and a 
Jiolr Thi* occurs in both n and /> material. The 
'ler troris thermally produced in the p material and 
! l i«* hole> thermally produced in the n material will 
e\ent uall\ drift across the junction. 

If the transistor is not connected to external 
•inuitrs. it is then obvious that the two cunents 
miKt he equal to one another at all time**. The 
magnitude of the thermal current is primarily a 
f'liuiiim of temperature and therefore vs ill remain 
fairlv constant in a well-designed circuit. The sub- 
,p 't of transistor stabilization by biasing tech- 
niques is concerned with this problem. 

The natural potential harriers occurring at each 
Hint lion ,en< l ,0 limit the recombination current, 
•nr electrons readily climb a potential hill but are 
re, u<‘tant to fall down one. The holes, being of 
positive electric charge, are reluctant to climb a 
Potential hill hut readily fall down one. Thus the 
natural potential hill or harrier forming the emitter 
n P junction tends to limit the electrons emitted or 
* n Jected into the base region. The base material is 
tro' ^at ^nly 1-2% of the injected elec- 

^ <m *nority charge carriers since the base is 
r are lost in the base by recombination. Upon 
^ vicinil y °* potential hill near the 
^tor junction electrons see a rising poten- 
readily climb and thereby 
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If an external circuit is used to supply a forward 
bias voltage £’#/< that makes the base approxi- 
mately Vm volt positive relative to the emitter, the 
potential barrier at the emitter junction is lowered. 
This causes a large increase in the number of elec- 
trons (minority carriers) injected into the base 
region and hence an increase in the collector cur- 
rent. A somewhat further increase in collector cur- 
rent, as well as an increase in the output impedance 
level, can he obtained by increasing the potential 
harrier at the base collector junction. Thi* is called 
reverse bias and i* accomplished by the collector 
s,, PPlv voltage fifr. Typical values of reverse bias 
are between 4-- 20 volts. 

I he same reasoning applies to the p-n-p transis- 
tor. the onl\ change being in the polarity of the 
potential harriers and the applied bias voltages. 
The direction of conventional current is also re- 
versed. 

Signal insertion. If a signal voltage e „ is applied 
at the input (see Fig. S) it combine* with the bias 
voltage hfl/f to provide a varying base-to-emitter 
voltage e,„. The- the forward bia* at the emitter 
junction varies in accordance with the signal volt- 
age. and the emitter current and hence the collector 
current varies in a similar manner. l T p to this point 
the analogs to a vacuum tube is quite close. The 
difference is that the base provides a low impedance 
path, and considerable signal current flows. The 
relative input impedance i- so low that the common- 
emitter connexion acts as a current amplifier 
rather than a voltage amplifier. 

Output signal. The collector circuit includes the 
•-erics load resistor Ri across which the signal 
voltage drop is produced by the signal component 
of collector current flowing through this resistor. 

Transistor configurations. Since the transistor 
i* a ihrre-element device like the vacuum tube, it 
can he used in three different configurations. 

Common-base amplifier. In the common-base con- 
nection shown la Fig. 7, the base is connected to 
the common point of the circuit, either directly or 
through a parallel combination of resistance and 
capacitance in which the capacitor bypasses the 
resistor at all frequencies of interest. This configu- 
ration i> also called a grounded-base configura- 
tion. The input resistance of the circuit is small, 
on the order of 100 ohms. The output resistance is 
large, on the order of 1 megohm. The current gain 
is slightly less than unity. This connection has 
characteristics which resemble those of the 
grounded-grid amplifier. 
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Fig. 8. Common-collector connection. 


Common-emitter amplifier. In the common-emit- 
ter connection, a> shown in Fig. 5. the emitter i> 
connec ted to the common point of the circuit either 
directly or through a parallel combination of re- 
sistance and capacitance. Thi* configuration is aUo 
called a grounded-emitter configuration. The input 
resistance of the circuit is larger than that for the 
common-base, being on the order of 1500 ohms. The 
output resistance is smaller than that for the com- 
mon-base and is on the order of 30.000 ohms. T he 
short-circuit current gain may varv anywhere Ironi 
30 to 200. The characteristics of this circuit re- 
semble those of the grounded-cathode vacuum-tube 
circuit (with the exception of the input impedance, 
which is much higher for a vacuum tube). The 
common-emitter is the preferred configuration for 
amplifier stages, because the current gain and 
power gain are greater than for the other con- 
jurations. 

Common-collector amplifier. In the common-col- 
lector connection shown in Fig. 8. the collector is 
connected to the common point of the circuit either 
directly or through a parallel combination of re- 
sistance and capacitance. This is often called a 
grounded-collector configuration. The input resist- 
ance of the circuit depends upon the load resist- 
ance. For a load resistance of 1000 ohms, the input 
resistanc e is on the order of 100.000 ohms. The out- 
put resistance depends upon the output resistance 
of the signal source feeding the circuit. In general, 
it is quite low. This circuit has characteristics 
which resemble those of the cathode follower, ex- 
cept that the input resistance of a c athode follower 
is much higher. See Transistor connection. 

Cascaded transistor amplifier. One stage of am- 
plification is generally insufficient, and stages must 
be cascaded. Since the transistor i* a current-con- 
trolled device, as opposed to the vacuum tube, 
which is a voltage-controlled device, the stages are 
cascaded with the goal of maximizing the power 
gain of each stage. This requires consideration of 
impedance matching. The stages are usually the 
common-emitter configuration, although the other 
configurations arc used for special purposes such as 
input or output impedance matching. The SC- 
coupled amplifier is often used for audio amplifiers 
because of its simplicity. Tuned amplifiers are used 
at high frequencies for i-f and rf amplifiers. 

Power amplifier. The power amplifier feeding 
the load may he a single-ended Class A amplifier or 


a push-pull amplifier operating in Class A, (]| ass 

AB, or Class B. As in vacuum-tube power artiplj. 

fiers, there is the problem of maximizing the p f » W( , r 
output consistent with an allowable distortion. Thi> 
common-emitter configuration provides the m ax j. 
mum power output and thus is the choire if JTlavi . 
mum power gain is required from the stage. H oh 
ever, because of the linearity of its characteristic 
the common-base configuration may be chosen if 
maximum power output is required at a spnjfj 
harmonic distortion. |iu. Ki , 

Bibliography : D. Dewitt and A. I,. Rnssofl 
Transistor Electronics , 1957; R. L. Riddle and 

M. P. Ristenblatt. Transistor Physics and Circuits, 
1958; J. D. Ryder, Engineering Electronics , 1%; 
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Shea (ed.). Transistor Circuit Engineering , 
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Amplitude (wave motion) 

The maximum magnitude taken on by the variable 
of a wave at a given point in space. It is in gen 
cral. but not necessarih. a function of the -p^r 
coordinates. For example, the time and span* \nri 
ation of a one-dimensional wave of the f niifi ional 
form tiixj) ina> be expressed as 

p(x.t ) - A ( x t sin kl x ct ) 

where Aix) is amplitude. A wave number, i -pa. * 
coordinate, r wave velocity, and t time coordmalt 
For a plane wave, .-fix) is a constant at 
point in -pan*. However, for a -plieiii al v\ ,«\ «• far 
from the source, .1 ( v I i- a constant divided bv tfi» 
space coordinate. Thu- at anv point in -pan* th* 1 
amplitude of a -pherical wave i- inver-elv proper 
tional to the distance from the -oune. Set vw 
MO t io> ; see also Sink wave. iW.i.u 

Amplitude modulation 

The process or result of the process wherein th» 
amplitude of a carrier wave is changed in 
cordance with a modulating wave. I hi- bread 
definition includes applications using sinu^'idal 
carriers, pulse carriers, or any other form of « itr 
rier. the amplitude factor of which change- in <n 
cordance with the modulating wave in anv nni<p M 
manner. .See Moih l ation. 

Practical example- of amplitude modulation m 
elude AM radio broadcasting. sing|e--idcbanc 
transmission systems, vestigial-sideband -vspnij 
frequency-division multiplexing, tiine-divi^bm mu 
tiplexing. phase-discriminalion multiplexing- il,u 
reduced-carrier systems. ; 

Amplitude modulation (AM) is also define in jj 
more restrictive sense to vndpn modulation in * 
tlw amplitude factor of « nine-wave carrier ‘ 
linearly proportional to the modulating wave. ^ 
radio broadcasting is a familiar example ■ 1 ^ 
radio transmitter, the modulating wave i s 
audio- frequency program ftignal to he ™inin» ^ 
rated; the modulated wave that is broadias 
radio-frequency, amplitude-modulated sinusni 
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zero. This inability to handle relatively low fre- 
quencies constitutes one of the important disad- 
vantages of SSB. 

Another less-obvious disadvantage is the delay 
inherent in the production of a single sideband. 
This unavoidable delay must exceed l/8/i and is a 
necessary consequence of virtually suppressing the 
unwanted sideband. In most applications a similar 
delay is also encountered at the receiver. For some 
purposes delays of this order would be objection- 
able. 

Vestigial-sideband modulation (VSB). This is 
modulation whereby in effect the modulated wave 
to be transmitted is composed of one sideband 
plus a portion of the other adjoining the carrier. 
The carrier may or may not he transmitted. VSB 
is like SSB except in a restricted region around the 
carrier. The over-all frequency response to the 
wanted sideband and to the vestigial sideband are 
so proportioned by networks that upon demodula- 
tion. preferably but not necessarily by a product 
demodulator, the original modulating wave will be 
recovered with adequate accuracy. 

By thus transmitting a linearly distorted copy of 
both sidebands in a restricted frequency region 
above and below the carrier, the original mod- 
ulating wave can now be permitted to contain 
significant components at extremelv low frequen- 
cies. even approaching zero in the limit. By this 
means, at the cost of a modest increase in band- 
width occupancy, network requirements are greatlv 
- mplified. Furthermore, the low-frequency limita- 
tion and the inherent delay associated with SSB 
are avoided. 

In standard television broadcasting in the conti- 
nental United States the carrier is transmitted, 
envelope detection is used, and the vestigial side- 
band has a bandwidth one-sixth that of a full side- 
band. 

Uses of AM in multiplexing. Multiplexing is the 
process of transmitting a number of independent 
messages over a common medium simultaneously 
(see Transmission theory and methods ). To 
multiplex it is necessary’ to modulate. Two or 
more communication channels sharing a common 
propagation path may be multiplexed hv arranging 
them along the frequency scale as in frequency 
division, by arranging them in time sequence as in 
time division, or by a process known as phase 
discrimination in which there need he no separa- 
tion of channels in either frequency or time. 

Frequency-division multiplexing. When commu- 
nication channels are multiplexed by frequency 
division a different frequency band is allocated 
to each channel. Single-sideband carrier telephone 
systems are a good example. At the sending end, 
the spectrum of each channel input is translated by 
SSB to a different frequency band. For example, 
speech signals occupying a band from 300 to 3300 
cps might be translated to occupy a band ranging 
from 12,300 to 15,300 cps corresponding to the 
upper sideband of a sinusoidal carrier, the fre- 
quency of which is 12,000 cps. Another message 


channel might be transmitted as the upper 
band of a different carrier, the frequency of whir 
might be 16,000 cps. 

At the receiving end. individual channels ai 
separated by electric networks culled filters, an, 
each original message is recovered by dernoduk. 
tion. The modulated wave produced by SSB at th 
sending end becomes the modulating wave appli n 
to the receiving demodulator. 

When communication channels are multiplex,., 
by frequency division, all channels may lie hu s 
simultaneously and continuously, hut each 
only its allocated fraction of the total availahl 
frequency range. 

Time-division multiplexing. When commnnirj 
tion channels are multiplexed by time di\isj, m . 
number of messages is propagated over a rum 
rnon transmitting medium by allocating diflnni 
time intervals in sequence for the transmission „ 
each message. Figure 2 depicts a partimlarlv >.1111 
pie example of a two-channel, time-division swtrm 
Ordinarily, the number of channels to he multi 
plexed would he ron'iderahlv gieater. The ttan- 
mitting and receiving switches must he proper I 
synchronized; time is of the essence in a tim# 
division system, and the problem is to switih >t 
the right time. 

On the theoretical side there is a reitain I>,m» 
fundamental question which must alwavs he an 
swered about an\ time-division svstein. The ijur- 
tion is: At what rate must ea« h conimunirjin-i 
channel he connected to its common tian-miniin 
path? Today it is known from the s.tm pi in > 

principle that for successful ^prnmmih at ion 1 a< I 
channel must he momentarily connected to tin 
common path at a rate that is in excess of l\u<» 
the highest message frequency com eved lr 
that channel. See Ppi.sk Mum 1 atiov 

Viewed broadly, amplitude modulation of puU« 
carriers generates the desired amplitude am 
phase relationships essential to time-division multi 
plexing. ANo, while each communication dianm 1 
may use the entire available frequency hand !«» 
transmitting its message, it does this nnlv dnrim 
its allocated fraction of the total time. 

Phnse-disrriminalion multiplexing. This tv pc •» 
multiplexing, like SSB. save* bandwidth, mav -aw 
signal power, and, like AM and VSB. has the im 
portant advantage of freely transmitting cxtrcinch 
low modulating frequencies. Furthermore, cad 
communication channel may utilize all of the avail 
able frequency range all of the time. 

When n channel* are multiplexed by pha-e di- 
crimination the modulating^' wave associated will 
each channel simultaneously amplitude-mndulair 
n/2 carriers, with a different set of carrier pha^c? 
provided for each channel. All sideband" an 
transmitted; n/2 carriers may or may not >« 
transmitted. At the receiving end, with the aid o' 
locally supplied carriers and an appropriate denm 
ulation process, the n channels can l»e separate 
assuming distortionless transmission, ideal nj°< u «' 
tors, and so on. Systems with odd numbers of <■ iaI 
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fig 2 Time-division, two-channel carrier system and tude modulation, .ime division, (c) Single-sideband 
frequency-division, two-channel carrier system, (a) Gen- modulation, frequency division. (From H. S. Block, 
eral diagram of two-channel carrier system, (b) Ampli- Modulation Theory, Van Nostrand, 1953 ) 


nrU ran also be devised. Equality of sideband* und 
their exact phases account for the suppression of 
mterehannel interference. 

Huy’s system. This is a simple example of phase- 
dmimination multiplexing. Two sine-wave ear- 
ner* of the same frequency but differing in phase 

% p are amplitude- modulated, each by a differ- 
ent message wave. The spectrum of each modulated 
“inusoid occupies the same frequency band. These 
modulated sinusoids are then added and props* 
Ruled ' ithout distortion to a pair of demodulators. 
Quadrature carriers of correct frequency and phase 
art * applied locally, one to each demodulator. 
Theoretically, a faithful copy of each message can 
oe recovered. 

Within the continental United States, for pur- 
I'ones of saving bandwidth. Day’s system is used 
or multiplexing the two so-called color compo- 
npntH associated with color-television broadcasting. 


Methods of modulating and demodulating. 

Man> methods of modulating and demodulating 
are ’possible and many kinds of modulators and 
demodulators arc available for each method. See 
Modulator. 

Fundamentally, since the sidebands of an ampli- 
t rdc-modulated sinusoid are generated by a multi- 
plication of wave components which produces fre- 
quency component* corresponding to the products, 
it is natural to envisage a product modulator hav- 
ing an output proportional to the product of two 
inputs, namely, modulating wave and carrier. An 
ideal product modulator suppresses both modulat- 
ing wave and carrier, transmitting only upper and 
lower sidebands. See Amplitude modulator. 

At the receiving end. the original message may 
be recovered from either sideband or from both 
sidebands by a repetition of the original modu- 
lating process using a product modulator, com- 
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monly referred to as a product demodulator, fol- 
lowed by a low-pass filter. Perfect recovery requires 
a locally applied demodulator carrier of the cor- 
rect frequency and phase. For example, a reduced 
carrier system creates its correct demodulator car- 
rier supply by transmitting only enough carrier to 
control the frequency and phase of a strong, locally 
generated carrier at the receiver. See Amplitude- 
MODULATION DETECTOR. 

SSB systems commonly generate their modulator 
and demodulator carriers locally with independent 
oscillators. For the high-quality reproduction of 
music, the permissible frequency difference be- 
tween modulator and demodulator carriers asso- 
ciated with a particular channel is limited to about 
1-2 cps. For monaural telephony, frequency dif- 
ferences approaching 10 cps are permissible. 

Unbalanced square-law demodulators, rectifier- 
type demodulators, and envelope detectors ure 
often used to demodulate AM. However, even 
though over-modulation (Fig. 1) is avoided, sig- 
nificant distortion may be introduced. In general, 
the amount of distortion introduced in this manner 
will depend upon the kind of demodulator or de- 
tector used, the amount of noise and distortion in- 
troduced prior to reception, and the percentage 
modulation. ( h.s.iil. ] 

Bibliography: C. Cherry, Pulses and Transients 
in Communication Circuits , 1950. 

Amplitude modulator 

\ device for amplitude-modulating a radio-fre- 
quency (rfl signal. Amplitude modulation can he 
produced in a number of ways: however, at the 
conventional radio-frequencies used for communi- 
cation purposes, the only methods in use are those 
in which the signal voltage is applied to an elec- 
trode of a vacuum tube which is used as an rf am- 
plifier. See Amplitude modulation: Modulation. 

At higher frequencies and for measurement pur- 
poses other devices such as ferrite absorption mod- 
ulators are useful. .See Ferrite devices. 

The principal object of all methods is to produce 
an rf carrier whose modulation envelope accurately 
reproduces the waveform of the input signal. In 
practice, it is frequently important to consider 
other practical matters, such as the efficiency of 
the amplifier in which the modulation is accom- 
plished and the power required to produce modu- 
lation. Plate modulators, grid modulators, and 
cathode modulators are three of the basic schemes 
available for the purpose. There are many possible 
variations and combinations of these, such as a 
form of grid modulation in which the circuits are 
arranged to increase the efficiency of a grid-modu- 
lation system. 

Basic requirements. Generally, it is desirable 
to ensure that the frequency of the carrier should 
not be affected by the process of modulation. 
Changes in carrier frequency can cause distortion 
and increase the bandwidth occupied hy the trans- 
mitted signal. In practice, lack of frequency sta- 
bility, that is, unwanted frequency modulation, can 


be avoided by carrying out the modulation |in>< es , 
in an rf amplifier which is isolated from the os< i||„ 
tor. At conventional radio frequencies this is „ su 
ally accomplished by interposing an addition.,] 
amplifier or amplifiers between the modulated arn . 
plifier and the oscillator. These intermediate ;in , 
plifiers are referred to as buffer amplifiers. | n || |fl 
United States, governmental regulations pm|ii| Mt 
modulation of an oscillator at frequencies 
144 megacycles. See Radio transmitter. 

It is important that the relation between the s jj, 
nal and the envelope of the rf wave be linear ;i 
curve which relates these characteristics is <allH 
the modulation characteristic. The modulation r; , 
pahility of the modulator js the maximum perr-rnt- 
age variation of the carrier amplitude that ran U> 
obtained without introducing objectionable di*tui 
tion in the modulation characteristic. The ni tl \i 
mum capability cannot become greater than 100' f 
on the down-peak when the carrier is mim ed iroin 
it* average value, hut it is possible to make n 
higher than 100',' on the up-peak when the ratnn 
exceeds its average value. In an ideal linear mmlii 
lator, modulation capability should 1 >e a- rh»s»* t(. 
l()() r " f both for the down-peak and np-pe.i k Kindi 
tion* as possible. 

Plate modulators. The must fiequenth iwl 
method of amplitude modulation emploved in r.idiu 
communications is the method known as plate mm! 
illation. This name is derived from the fa. * ihal i!n 
signal voltage is applied to an amplifier oi .in .» 
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fillator by superimposing it upon the dc plate sup- 
p)y voltage. The resultant variation in the applied 
plate voltage ratines the output of ihe amplifier to 
vary in accordance with the modulating signal. 

A typical circuit diagram of a plate-modulated 
Class C amplifier is shown in Fig. 1. The rf input 
to the modulated amplifier is delivered from a 
buffer amplifier which isolates the oscillator from 
the modulating circuit and prevents unwanted fre- 
quency modulation. The plate voltage applied to 
the amplifier consists of the dc voltage upon whic h 
the modulating signal is superimposed. The signal 
derived from a suitable amplifier, commonly 
, -ailed the modulator, and is coupled to the rf am- 
plifier through the modulating transformer. The 
radio-frequency choke /.. which prevents the rf 
currents from entering the modulator, must have 
negligibly low impedance at modulation frequen- 
cies. 

The action of the plate modulator is shown in 
Fig. 2. If the signal is assumed to he of sinusoidal 
form, the total dc plate \oltage being applied to the 
amplifier will have the appearance shown in 
Fig. 2 a. For best efficiency, the amplifier i« de- 
signed to operate as a Class C amplifier; thus, the 
rf voltage developed between the cathode and an- 
ode i* only slightly than the effective plate 

voltage whieli is applied. The total voltage applied 
to the plate, including the rf component, ha- the 
appearance shown in Fig. 2b. The re-ultant rf car- 
rier ac ross the output circuit appears a- in F'ig. 2c. 



lb) 



^ amplifier, (a) Equivalent plot# lupply voltage, being 
Ik* lum of dc and sinusoidal modulating voltage. 

* Total voltage appearing at the plate, (c) Rf com- 
P°otnt of the plate-to-cathode voltage. 
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One hundred per cent modulation can be ob- 
tained by making the modulation voltage equal to 
the dc plate supply voltage. To minimize the power 
of the modulator, it is necessary that it he properly 
impedance-matched to the plate circuit of the mod- 
ulated amplifier. This is usually done by proper 
selection of the turns ratio in the modulating trans- 
former; the impedance presented to the modulator 
is equal to the ratio of the dc plate supply voltage 
to the dc current of the modulated amplifier. To 
provide 100% sinusoidal modulation, the modula- 
tor must he capable of providing 50% of the dc 
plate supply power. Under proper conditions, all 
the power appearing in the sidebands in the output 
of the modulated amplifier is generated by the 
power supplied by the modulator, and the meters 
which indicate the dc input to the modulator am- 
plifier -how no change when modulation is applied, 
rherefore. any change in the dc power input is an 
indication of distortion. 

Triodes. screen-grid tubes, pentodes, or beam- 
power tubes can he used as Class C modulated am- 
plifiers. When triodes are used, neutralization 
should be carefully adjusted because partial re- 
generation ran cause distortion. It is also impor- 
tant that the amplifiers be free from parasitic 1 
oscillation^. When screen-grid or other multiele- 
ment tubes are employed, plate modulation must be 
accompanied by modulating the screen-grid voltage 
also. It is necessary to modulate the *rreen grid be- 
cause it plays the controlling role (as does the 
plate of a trinde ) insofar as current flow condi- 
tions are concerned. 

The advantages of plate modulation are its high 
plate efficiency, normally exceeding 60% and often 
reaching 70 80% : good linearity : and ea«e of ad- 
justment. It- disadvantage is the relatively large 
amount of modulation power needed, causing the 
modulator to be heavy, large, and expensive. 

Grid modulators. Amplitude modulation can be 
produced by applying the signal voltage to one of 
the grids of an rf amplifier, including the control 
grid, screen grid, and suppressor grid. In this form 
of modulation, the plate supply voltage remains 
constant and the increase in rf power output during 
modulation is the result of the variation of the dc 
plate current. Control-grid form of grid modulation, 
abbreviated grid modulation, is illustrated in the 
circuit shown in Fig. 3. In this case, a triode Class 
C amplifier i- shown although similar circuits em- 
ploying screen-grid or other multielement tubes 
« an also he used. Control-grid modulation is accom- 
plished by superimposing upon a fixed dc bias the 
modulating voltage, as indicated. The value of the 
dc grid bias is selected as in a normal Class C am- 
plifier stage; however, the applied rf grid excita- 
tion must he smaller. Figure 4 shows that the ap- 
plied modulation voltage is capable of varying the 
operating conditions in the grid circuit. This makes 
it possible to vary the plate current and to modu- 
late the carrier completely. 

Referring to Fig. 4, at the positive peaks of the 
modulation cycle, the modulated amplifier operates 
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Fig 3. Circuit diagram of the control-grid form of 
grid-modulated Class C amplifier. L represents an rf 
choke and C the rf bypass capacitors. The grid bias 
can be supplied either by an independent dc supply, 
as shown, or by o bypassed cathode resistor. 


as it would in a saturated Class C condition, with 
good plate efficiency. When the modulating signal 
is removed* the plate current is reduced, and the 
amplitude of the output wave becomes one-half its 
peak value. Assuming the modulated wave to he 
one-half the maximum that could he reached for 
the value of the plate supply voltage available, the 
carrier power obtainable under these conditions is 
approximately one-fourth that which could he ob- 
tained from the same tube and supply voltage un- 
der ordinary Class C conditions. 

To obtain the best possible efficiency at the peak 
of the modulation cycle* the control-grid-modulated 
Class C amplifier is usually operated so that the 
control grid becomes positive at the peak of the 
positive modulation cycle* causing grid current to 
flow. This places a load upon both the rf exciter 
and the modulator source. In order to prevent flat- 
tening of the positive peaks of the modulation char- 
acteristic, neither of the two voltages applied to the 
control grid should be permitted to change appre- 
ciably as a result of the change in impedance oc- 
curring during the portion of the cycle at which 
grid current occurs. The distortion of the modula- 
tion characteristic due to this effect can be mini- 
mised by designing the rf exciter and modulator 


with an excess of power-handling capability a n ,| 
keeping their output impedance at the lowest pos- 
sible value. The difficulties in design are minimized 
when beam-power or tetrode tubes are employed m 
which the required grid voltages and, therefore, 
power, are small. 

Grid modulation can also he obtained hy super, 
imposing the modulating voltage upon the ( j, 
screen-grid voltage. The operating principles ur ,. 
identical with those of the control-grid-nioduluiinp 
system, but this arrangement is not so critical i,, 
variations in the rf exciting voltage. In addition, d 
simplification in over-all design can he obtained In 
employing a grid-leak bias instead of the rn«»rr- 
complicated fixed-bias supply. 

Another satisfactory method of grid modulation 
can he accomplished bv applying the rnodul.it 
mg signal to the suppressor grid of a pentode. If a 
dc bias is supplied to the suppressor grid in an un- 
modulated condition which reclin es the plate nir 
rent to one-half its maximum value. 100' £ modul.i 
lion can he obtained hy applving the modulating 
voltage in series with the dc bias. In this case, tlo 
voltage needed is considerahlv greater than in tin 
case of the control-grid form of modulation al- 
though the modulator i*> not required to Hipplv (1 ii\ 
power. 

In all forms of grid modulation, the dc plate < m 
rent is initially selected to he one-half the hum 
mum permissible value. As a result, the unrnodu 
lated rf plate-to-cathode voltage is one half tin 
maximum possible value, causing the unriiodul.itni 
efficiency to be reduced b\ the same factor. \ — mi. 
ing the efficiency of a properlv designed Gl.'i-" I 
amplifier to he 6(1 8(K, . the efRrirnev in the ah 
senre of modulation of a grid-modulated amplifm 
will he 30 40 r , . rising to 60 80 'v at the peak "I 
100 r " f modulated signal. 

The benefit derived from grid modulation result- 
from the reduction of the modulating power needed 
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Fig. 4. Grid and plate voltogef in a control-grid 
ulafed amplifier, (a) The modulating and rf-e* cit,n ^ 
voltages superimposed upon the dc bias of the contro 
grid, (b) The resultant plate-cathode voltage. 





Fig 5 Circuit diagram of the cathode-modulated 
Class C rf amplifier. 


.n« omplish llu* modulation. The modulator cii- 
* 'jit furnishes only the power dissipated in the 
'nodiiictt trt|£ grid, because it docs not stipplv the rf 
povv^r which appears in the output. On the other 
taml. the saving of power in a modulator circuit is 
i" s t because of the poor efficiency of the modulated 
implififi itself, resulting in a general superioritv 
: " r the plate-modulation system. In addition, the 
liriil modulated amplifiers are usually less linear in 
! ^ir modulation characteristic and. if unadjusted. 

1 ,l! i produce severe distortion. However, in certain 
4l'li* ations. especially those requiring very large 
kindwidth*. tin; difficulties in generating a large 
d nn»unt of modulating power can he severe, making 
,l,p ^id-modulation system attractive. 

Cathode modulation. Amplitude modulation can 

obtained by applying the signal voltage between 
l | 1 ’' '^tl.ode and ground of a Class C amplifier as 
'iiMHn in Fig. 5. 

The modulating signal appearing in the cathode 
inuit causes both the grid voltage and the plate 
v, ‘l»;igr to be modulated. Because the effects of the 
j^ volragc variation upon the plate current are 
drRp r than those of the plate voltage, this form of 
adulation tends to approximate the control-grid 
^“duhition. Because the control-grid voltage var- 
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ies, the plate efficiency of the cathode-modulated 
amplifier will vary during the modulation cycle. 
The resultant reduction in efficiency depends upon 
the relative effectiveness of the grid and plate volt- 
ages in controlling the plate current. The amount 
of signal power needed from the modulator will 
also depend upon the percentage of plate modula- 
tion as compared to the grid modulation which ac- 
tually occurs. 

Cathode modulation is used in radio communi- 
cations, especially in amateur radio applications, 
hut usually is considered to he inferior to either a 
pure control-grid or plate modulation because it 
represents a compromise between the two. The 
plate efficiency, modulating power, and carrier 
power obtainable from a given tube are all interme- 
diate between the corresponding values expected 
from plate and control-grid modulation. |f:.L.c.J 

Bibliography : H. S. Black, Modulation Theory , 
1953; F. K. Terman, Electronic and Radio Engi- 
neering, ith ed.. 1955. 

Amplitude-modulation detector 

A device for delating amplitude-modulated radio- 
frequency (rf } signals. The detection of amplitude- 
modulated waves can be accomplished most easily 
b> means of rertifiers; either a diode or a biased- 
trinde ran be used. Greater sensitivity tan be at- 
tained bv employing triodes or other multielement 
tubes to deteet and amplify simultaneously but at 
the eost of eertain complications. A number of 
common fornix of detector circuits are described in 
this article. For additional information see Am- 
PUT I 1>K MOm i.ATIOM MoiHLATlOV 


o 

rf input 


(a) 


ipuTJ 





Fi 9 - 1. (a) Circuit diagram of a diode detector, (b) Ra- 
dio-frequency voltage applied to the diode and the 
resultant output voltage, (c) Peak and averoge current 
flowing through the diode for the applied voltage 
shown In (b). 
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Diode detectors. A simple circuit employing a 
2-terminal diode detector is shown in Fig. 1 which 
illustrates the principle of operation. In the sim- 
plest form, the input signal is applied across the 
diode in series with a load circuit consisting of a 
resistor and capacitor in parallel. On each positive 
half of the rf cycle, the diode becomes conducting, 
causing current to flow toward the resistor R and 
charge the capacity C. If the forward resistance of 
the diode were zero, the voltage across the capacity 
C would reach the peak of the applied rf voltage. 
Between successive positive tweaks the conduction 
through the diode ceases as the voltage across the 
capacity tends to remain constant. If the “back" 
resistance of the diode is assumed to he infinite, 
that is, the conduction current becomes /pro when 
the anode becomes negative with respect to the 
cathode, the capacity is isolated from the input cir- 
cuit and begins to discharge through the load re- 
sistance R. This discharge continues until the volt- 
age across the input terminals again becomes large 
enough to make the diode anode positive and to 
recharge the capacity. Under these ideal circum- 
stances. the average value of the voltage across the 
capacity tends to approximate the value of the rf 
voltage closely. If the latter varies slow I v with time 
as a result of the presence of modulation, the out- 
put across the capacity will varv in proportion. The 
current flowing through the diode occurs in short 
pulses near the peak of each rf cycle as shown in 
Fig. Ic. In practical diode detector circuits, such as 
the one in Fig. 2. additional components are 
usually needed. Some are added to remove the dr 
component of the rectified voltage from the stihse- 



Fig. 2. Practical form of a diode detector circuit. Ca- 
pacitors C ore bypass capacitors; C, Is a dc blocking 
capacitor. Capacitor C 2t used in the AVC circuit, must 
Hove o low reactance in comparison with resistance 
R; i at the lowest modulation frequency. 
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Fig. 3. Circuit diagrams of grid detectors, (a) Tnodi 
with transformer-coupled output. <b) Pentode with re 
sistance-coupied output, in both cases, capacitor* < 
act as rf bypass for rf currents. 

quent amplifier Mage*, others for similar 1\ lemm 
ing the rf component-*, and still others to appl\ ill* 
dr rertified voltage to the automat ir-volmne m.m 
trol (AVC) rirruits t <ee Radio km M\tin lh« 
presence of these additional element- alter- the 
tails of the rertifiration process because the b»a« 
impedanre is different both foi the dr and for tli* 
modulation-frequency components of the rertifir 
signal. As a result of this difference, various kind 
of distortion may result, for example, the rlippnu 
of the negative peaks of the modulation signal, k oi 
this reason, the detailed design of the c athode loa< 
rirruit requires careful consideration and propel 
proportioning of the rirruit elements. Bv pmpn 
choice of the various rirruit elements, exrelleii 
performance ran be obtained. 

The efficiency of rectification 77, defined a* th< 
ratio of output voltage to the magnitude of do 
modulation envelope, is typically high, usualb 
in excess of 80 %. In carefully designed diode dr 
lectors, the input impedance of the detector a* 
seen from the rf input teriqinals is approximately 
(ft/2)?/. where R is the catjhode load resistance a i 
shown in Fig. 1. 

Grid detector, A multielefctrode vacuum 
be employed to combine tlie functions of « d ,() f 
detector and a stage of voltage amplification b> em 
ploying the grid-detector cir< nit. This is sometim^ 
called a grid-leak power detector circuit. F , j* l,re ‘ 
3ci and b show examples of the grid-detector 
employing triode and pentode rubes, hxamma » 



of ihrse illustration* shows that the cathode-grid 
elements ure connected in the same way as the an- 
ode and cathode of the diode detector shown in 
fjjt. 1. Thus, the rectified voltage containing the 
( {c and the modulation signal components appear 
arrows the grid-leak resistor R Q in much the same 
WJ v as the output of the diode detector. The wave- 
forms of the applied signal, the total grid voltage, 
and the resultant grid c urrent are shown in Fig. 4o. 
/>. and <\ respec tively. The grid-current flow is simi- 
le to the anode current of the diode* detectoi. The 
resultant variation in the grid voltage follows the 
modulation envelope of the incoming signal, cans. 
in ^r the voltage in the output circ uit of the amplifier 
!n he developed in the output portion of the tube 
where RC *»r LC filters are emploved to separate 
the desired signal from the dr and rf components. 

\lthoiigh the grid detector combines in one en- 
velope the* detector and a stage of audio-frequent > 

< a f i amplification, it suffers from the disadvantage 
th.il (lie maximum carrier voltage that can be ap- 
plied without distortion i* approximately W, of 



Grid voltog# and current in o grid-leak de- 
totfar. (o) Radio-frequency input, (b) Total grid volt- 
including the effect of grid-leak voltage, (e) Grid 
cu 'f§nt. 
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the peak af voltage that could be applied to the 
same amplifier operating in the ordinary Class A 
condition. This difficulty arises because the peak rf 
voltage of a modulated wave is always larger than 
the magnitude of the modulating voltage, being 
twice as large for 100'y modulation. If the nega- 
tive peaks of the instantaneous grid voltage ap- 
proach the cutoff portion of the transfer charac- 
teristic ( grid-voltage plate-current curve), the 
modulation signal is distorted by the flattening of 
the negative peaks. This means that the magnitude 
of tin- signal obtainable without excessive distor- 
tion is lower than can be obtained from the same 
tube u*ed a* a voltage amplifier. 

As a consequence of the limited range of carrier 
voltages over which a grid detector can be made to 
film lion, this detector circuit is unable to provide 
sufficient voltage for AVC purposes in radio re- 
r civer*. 

Crystal diode detectors. Modern crystal recti- 
fiers employing silicon and germanium semicon- 
ducting materials represent the simplest and most 
sensitive of all rectifying devices. These can be 
u-ed in diode < ircuit* in a manner closely analo- 
gous to that of the thermionic diode detector de- 
scribed above. Contemporary crystal rectifiers de- 
signed for u*e in electronic circuit* resemble in 
appearance the conventional 1 i-watt resistor; de- 
spite their delicate structure, they can he used 
without difhi ultv. 

Tim crystal detector suitable for use in diode de- 
tcMor* consist* of a point contact between a plati- 
num nr tungsten cat whisker and a polished and 
etched semiconducting material. In some case*, the 
I unction *tahilitv and performance are stabilized 
bv welding the point to the semiconductor. Some 
of the rectifier* ire electrically and mechanically 
stabilized bv embedding the region of the contact 
in a suitable wav sometime* they are moisture- 
proofed b\ encasing the crystal in a permanent 
gla** envelope. 

The principal advantage* of the crystal rectifier 
are dependent upon it* small size, permitting space 
to he *aved where this is important; absence of a 
heater and associated power requirements, thus re- 
ducing the possibility of induced filament hum; 
and simplified wiring, because only two terminals 
are needed. Because of these advantages, the crys- 
tal rectifier i* frequently used in FM. television, 
and standard broaden*' receivers as well as in 
radar and other military applications. 

A typical circuit, employing a crystal rectifier as 
a second detector in a superheterodyne broadcast 
receiver, is shown in Fig. 5. The various circuit ele- 
ments shown perform the same functions as the 
corresponding element* in the thermionic diode de- 
tector circuits previously described; filters com- 
posed of resistor-capacitor combinations are used 
to permit the modulation component to reach the 
subsequent amplifier stages while blocking the dc 
component. A similar filter is used to supply the dc 
AVC voltage to the preceding i-f amplifier stage*. 
The proportioning of the various circuit elements 
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Fig. 5. Diode detector circuit employing a crystal rec- 
tifier. 

is carried out in a manner similar to that used in 
the diode detector circuit, with close attention to 
the ac-dc ratio of the diode load impedance. In ad- 
dition. in some cases the fact that the hack resist- 
ance of a crystal diode is not infinite may need to 
be taken into account because the discharge of the 
capacitor C can now. in part, take place through 
the back resistance of the crystal. 

Crystal diode detectors are frequently used as 
square-law detectors. This i«* usually done at micro- 
wave frequencies when the thermionic vacuum di- 
odes do not function properly because of transit- 
time phenomena. In this application it is common 
ti employ a dc microammeter in series with the 
crystal, shunted by an appropriate capacitv; or, 
when the carrier is af modulated, the load rnav con- 
sist of a resistor followed by a suitable audio am- 
plifier. In either case, it is important that tlve 
output voltage or current derived' from the detector 
be proportional to the square of the input voltage. 
It is generally found that if the rf input to the de- 
tector is below a few microwatts, the detected out- 
put is strictly proportional to the input power. 
Under these circumstances, the input impedance 
presented by the detector to the rf source, as well 
as its internal impedance as seen from the output 
terminals, approaches constant value. In measure- 
ment applications, thermionic diodes are generally 
preferable to crystal diode detectors l>erause of 
their relative uniformity and freedom from possi- 
ble damage. 

Plate detectors. Triode and other multielement 
electronic tubes can be used as detectors hy em- 
ploying their nonlinear transfer characteristics in 
the vicinity of cutoff. A typical circuit of a plate 
detector and a diagram illustrating the principle 
of operation are shown in Figs. 6 and 7. A dr bias 
is applied to the first grid of the tube to establish 
the operating point in the vicinity of cutoff. The ap- 
plied modulated rf voltage results in pulses of cur- 
rent which flow during the positive half-cycles and 
almost complete suppression of current on the 
negative peaks. The resultant average value of the 
plate current follows closely the modulation en- 
velope. The modulation frequency components of 



the signal are obtained by means of the RC fih,. rs 
in the plate circuit, as indicated in Fig. 6. 

The advantages of the plate detector result fn, m 
the fact that as long as the peak rf voltage is l ( . ss 
than the applied dc bias, the grid remains nega- 
tive. and all of the power is consumed b> the i n pi lt 
circuit. If, on the other hand, the applied voltage 
exceeds the dc bias, grid current will flow, result, 
ing in amplitude distortion. A further disadvantage 
of this circuit results from the fact that the <ir<ui, 
does not permit a negative voltage proportional t„ 
the carrier to be derived which is necessarx f or 
AVC purposes in radio receivers. For these u» a . 
sons, the plate detector is seldom used i n r „ ril 
iiiunicatioii systems but is Sometimes useful in V a< 
uum-tuhe voltmeters and other measurement 
applications. 

Infinite-impedance detectors. A detector < j r < U it 
employing a self-biased triode is shown in Fig. H. 
A relatively high resistance R. b> passed for t|„. 
carrier frequency b> the capacitor ('. is used m 
cathode circuit to provide a dc bias \oltagc nrarlv 


"f^W V + — i 
JL filter JL 



Fig. 6. Circuit diagram of a plate detector. 



Fig. 7. Variation of plots currant with grid votoge 
In a plots detector. Curve at upper left shows P° e 
current-grid-voltage relation for a typical tube, 
oscillograms indicate rf grid voltage superimpo* 
upon dc blot and resultant plate current. 



firient to cut off the plate current. When a inodu- 
pd signal is applied, rectified pulses of current 
0 through the resistance H in a manner similar 
that of the diode detector, causing the rnodula- 
n voltage to develop across the resistor H. Under 
rmal operation, the grid remains negative, cans- 
r the input impedance of the detector as pre- 
yed to the rf source to he infinite. 

Negative clipping of the modulation envelope 
n occur, as in the diode detector, if the degree of 
filiation exceeds the numerical value gi\en by 
, ae de ratio of the cathode circuit. This dilfi- 



,g 8. Circuit diagram of an infinite-impedance de- 
btor. 
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* . ^ if nplifi«d circuit diagrams of regenerative 
gree° iC,,,0tin ® < **^ ec,orf ‘ Method of controlling do* 
/ Ce °* '^generation by varying mutual coupling be- 
L ##n p | 0,e an d grid circuits, (b) Control of feedback 
VQr Y»ng the gain of the pentode by changing the 
^••n-grid voltage. 
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culty can, however, he avoided by the proper design 
of the cathode circuit and the elements coupling 
the cathode to the subsequent stage. 

In addition to its advantage of the infinite input 
impedance, large output voltages can be derived, 
approaching one-half the plate-supply voltage. A 
disadvantage of this circuit in radio-receiver ap- 
plications is its inability to supply AVC voltage. 

Regenerative detectors. The effective sensitivity 
of grid and plate detectors can he increased by em- 
plo>ing regenerative rf feedback. This is possible 
because a inultielcctrode tube can be used simul- 
taneously as a rectifier and amplifier so that posi- 
tive feedbac k from the output to input permits an 
increase in effective amplification. Representative 
circuits of these detec tors are shown in Fig. 9. 

In practice, an operator should adjust the degree 
of regeneration or feedback as close to oscillations 
as possible, but without actually creating them. In 
this condition, the detector becomes very sensitive 
to weak signals. It c an be shown that, bec ause of 
the nonlinear action, amplification is less for strong 
‘signals than fee weak ones; theoretical analysis 
predicts that in a properlv adjusted regenerative 
detector the gain resulting from regeneration is in- 
\ersel\ proportional to the two-thirds power of the 
signal voltage and directly proportional to the 
magnitude of the input voltage in the absence of 
regeneration. 

\ It hough regeneration is a simple wav of in- 
creasing the rf amplification, it also increases the 
select i\ it v of the c ircuit, requiring extremely criti- 
cal adjustments which must also lie changed with 
eac h tuning of the circuit. Misudjustment of the 
regenerative lontrol results in either poor perform- 
ance or oscillations: the latter can cause interfer- 
enc e to the neighboring receivers. For these rea- 
sons. regenerative d lectors are seldom used. 

Heterodyne or oscillating detectors. These de- 
tectors are similar to the regenerative detectors de- 
scribed above but the degree of regeneration is in- 
c reased to the point of creating oscillations. 

Heterodvne detectors are frequently used for 
the reception of continuous-wave telegraph signals 
and in laboratory measurement applications to ob- 
tain an audible beat frequency. When the regenera- 
tion control is adjusted to slightlv above the criti- 
cal value, that is. just above the value of feedback 
needed to create oscillations, a very large ainplifi- 
ca» : on of the input signal results. This is because 
there is a critical balance between the energy lost 
in the input resonant circuit and the energy sup- 
plied to it by the feedback process at the point of 
critical adjustment. When the input signal is prac- 
tically equal in frequency to the frequency of the 
oscillation of the detector, the signal opposes and 
aids the feedback signal, partially destroying the 
balance, and causes beat signals in the output cir- 
cuit. Under proper adjustments the oscillations au- 
tomatically adjust themselves to an amplitude 
which results in high gain for the incoming signal. 

Although heterodyne detectors are very sensi- 
live, they are seldom used in radio receivers lie- 
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cause they create interference in the neighboring 
receivers and are not particularly selective, gener- 
ally employing only a single resonant circuit. They 
are most useful in measurement applications where 
it is necessary to detect weak unmodulated signals. 

Superregenerative detectors. A regenerative de- 
tector in which the oscillations are periodically 
stopped or quenched is called a superregenerative 
detector. Two forms of superregenerative circuits 
are shown in Fig. 10. A 1-tube superregenerative 
receiver is capable of reaching the basic noise level 
of the input circuit, permitting very high amplifica- 
tion. This makes the circuit useful in those applica- 
tions where normal vacuum-tube-amplifier circuits 
are either too complicated or too expensive. 

In a typical superregenerative circuit the oscil- 
lating detector is tuned to the input frequency and 
the regenerative control is adjusted to permit os- 
cillations to develop. Continuous oscillations in the 
detector are stopped by introducing a quenching 
signal to the grid of the oscillating detector. 



Fig. 10. Superregenerative detector with a separate 
oscillator which provides the quenching voltage in se- 
ries with the plate supply for the oscillating detector. 



Fig. 1 1 . Single-tube superregenerative detector 
Quenching oscillators operate in a frequency range 
of 5000-20,000 cycles. Capacitor < , prevents fhi j 
quenching signal from appearing in the output 

thereby causing the effective gain of t hr* i1I.it mg 

detector to he reduced periodically. The quern lnr:, 
signal can he developed either hv a ^cpai.ile «»-i ll 
lator. as shown in Fig. 10. or hv permitting the «»•* 
cillating detector a No to oscillate at a high iJUiIh- 
frequency (Fig. 11*. The audio output **v stein »»t 
the superregenerative detector contain* .i f.ll'-r 
which prevent* the quenching frequency from 
reaching the output. A* a result of the amplified 
thermal agitation noi*e in the input < ircuit. j ebar- 
acteristie hi** i* present in the absence of *igntil- 
The hiss disappears onlv when a carrier 
large enough to overcome the noise is jnlrodmeil 
the detec tor. Similarly, if two or more *ign.d* arc 
present, the stronger signal c an be made to doim 
nate and suppress the weaker one. 

The behavior of the superregenerative drttrt ,,r 
can be understood by reference to the separate ' 
quenched detector circuit shown in Fig W- * ,r 
oscillating detector is adjusted to permit the h»i « 
ing up of oscillations. In tjbe absence of an 
signal, the oscillations are Initiated by the therm.i 
noise in the input circuit and increase exponen^ 
tially with time, until the Amplification proce<* i* 
stopped by the quenching signal. In the pre^em e 
of an input signal which ii larger than noin** ^ 
buiid-up process begins earlier and causes t f ^ 
dilations to last a longer period prior t<> 
quenching. Thus, the rf pulse* created in 
put vary in accordance with the strength «• 
coming signal. Under proper circumstance^ ^ 
detector action results in an output whir 1 



rctly proportional to the incoming wave and per- 
pit* relatively undistorted detection. 

This s*i perregenerative principle permits the de- 
iign of relatively simple circuits and provides large 
f gain at frequencies which are difficult to amplify 
0 y ordinary methods. Under proper conditions, it is 
possible to have a stronger signal suppress a 
neaker one when two are present at the same time. 
However, because of their nonlinearity, critical ad- 
just merit, radiation, and interference, and the prcs- 
r n( e of hiss in the absence of signal, these detee- 
[nr* are infrequently used. | k.l.c.1 

bibliography : F. E. Terman, Electronic and Ra- 
dio Engineering. 4th ed., 1955. 

Amplitude-modulation radio 

Radio communication employing amplitude modu- 
lation of a radio-frequency carrier wave as the 
means of conveying the desired intelligence. In 
amplitude modulation, the amplitude of the carrier 
wave is made to vary corresponding to the fluctua- 
tions of a sound wave, television picture image, or 
other information to be convened. See Am mi mi: 
MonriM'inM Radio. 

\mplitudc modulation (AM), the oldest and 
-lmple-t form of modulation, is widely u*ed for 
r,idio services. The most familiar of these services 
i- broadcasting: others include radio! elephonv and 
i,ulioteb»graphv, television picture transmission, 
md navigational aids. The essentials of these radio 
»\ -Inns are discussed in this article. 

Low-frequency (long-wave) broadcasting. Euro- 
ju-jn and Asian countries use frequencies in the 
ijnjre 150 255 kilocycles (kc) for some broadcast 
-emi ps. \n advantage of these frequencies is 
-Jjlilr and relutivelv low-attenuation wave propaga- 
tion. When not limited bv atmospheric noise, large 
■ 11 ^ rnav be served bv one station. In the United 
"tales, these frequencies arc reserved for naviga- 
tional s\ perils and so arc not available for broad- 
• J'ting. 

1 m\\. frequency t If t broadcast antennas are oinni- 
•lirntivp and radiate vertically- polarized waves. 

I nlf-s special means arc employed to reduce an- 
t^nna selectivity, the highest program frequencies 
dial are transmitted are substantially below 10.000 
1 '< bs per sec (cps). 

Medium-frequency broadcasting. The fiequen- 
in the range from 535 to 1605 kc are reserved 
dll uver the world for AM (standard) broadcasting. 

the Western Hemisphere this band is divided 
1111,1 channels at 10-kc intervals, certain channels 
designated as clear, regional, and local, ac* 
f "nling to the licensed coverage and class of serv- 
The local channels are occupied bv stations. 
DMiallv of 250* watt output." servicing smaller lo- 
‘•ditip*,. Many stations occupy a channel, blit thev 
! re ^parated far enough to permit interference- 
coverage in the local area. Fewer stations of 
ugner power, but with greater distances between 
Mn ’ share the regional channels. A few clear 
L‘ lnnp|H are occupied by high-power stations (50.- 
Wa,t maximum output in the USA). These sta- 
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tions may have exclusive use of a channel, or may 
share it with another distant station. See Radio 
HRO ADC ASTI NG. 

Interference between co-channel regional sta- 
tions and clear channel stations is minimized by 
extensive use of directive antennas, which suppress 
radiation toward other stations and direct it to 
main populated areas from a properly located sta- 
tion. 

European medium-frequency (mf) broadcasting 
channels are ussigned at 9-kc intervals rather then 
the 10-kc intervals used in the Western Hemi- 
sphere. This reduced sparing provides more chan- 
nels within the mf band. The technique of directive 
antennas, which also provides more channels within 
a band by minimizing interference between stations, 
has not been used extensively in Europe. 

Vertically-polarized radiation is used at medium 
and low frequencies, propagated over the earth's 
surface. There is also propagation of high-angle 
radiation via reflection from the ionosphere, a 
phenomenon that predominates at night but is rela 
lively absent dicing daylight. This sky-wave prop- 
agation accounts for the familiar long-distance 
reception at night. At distances where the down- 
coining sky waves overlap the ground wave, fading 
and distortion of the signal occurs. Receivers in 
the ground-wave zone get stable signals day and 
night. In the overlap zone, daylight reception may- 
be Mable but night reception disturbed by fading. 
In the ‘•kv-wave zone at night, assuming no inter- 
ferenre from other stations, satisfactory service 
mov be received over long distances. Reception in 
this /one depends on atmospheric noise, which 
varie** seasonally, and the state of the ionosphere, 
which varies greatlv from night to night depending 
upon astronomical conditions that affect the upper 
atmosphere. 

Individual AM broadcast stations transmit pro- 
gram frequencies ranging from 30 to 10.000 cps 
with excellent fidelity. To obtain suitable tuning 
selectivity between channels AM broadcast re- 
ceivers may reproduce program frequencies only 
up to 4000 cps, or even less according to make. cost, 
and condition of the receiver. 

High-frequency (short-wave) AM broadcasting. 
Small hands of frequencies between 3000 and 5000 
kc are used in tropical areas of high atmospheric 
noise for regional broadcasting. This takes advan- 
tage of the lower atmospheric noise at these fre- 
quencies and permits service under conditions 
where medium frequencies have only severely 
limited coverage. Wave propagation day and night 
is by sky wave. Ground-wave coverage from such 
stations is usually negligible, since high-angle 
horizontally-polarized radiation is used. Short- 
distance coverage by this mode is by ionospheric 
reflection of waves radiated almost vertically. 

Long-distance international broadcasting uses 
high-power transmitters and directive (beam) an- 
tennas operating in the bands of 59506200 kc. 
9500 9775 kc. 11,700 11,975 kc, 15.100~15.450 kc, 
17.700 17.900 kc. 21.450-21.750 kc. and 25.600- 
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26,100 kc. These bands are allocated throughout 
the world for this purpose, and the hand used for 
any path depends upon ionospheric conditions 
which vary with direction, distance, hour, season, 
and the phase of the 11-year sunspot cycle. Typi* 
cally, waves are propagated in low-angle beams by 
multiple reflections between ionosphere and earth 
to cover transoceanic distances, and signals are 
often distorted during transmission. These bands 
are so crowded that a signal is seldom received 
without interference for any prolonged period. Re- 
ception from particular stations can be improved 
by the use of special directive receiving antennas. 

The technical performance of high-frequency 
(hf) broadcast transmission systems are usually to 
the same standards employed for mf broadcasting, 
although propagation and interference conditions 
seldom make this evident to a listener. 

AM radiotelephony and radiotelegraphy. The 
first radiotelephony was by means of amplitude 
modulation, and its use has continued with increas- 
ing importance. Radiotelephony refers to two-way- 
voice communication. Amplitude modulation and a 
modified form called single-wideband are used al- 
most exclusively for radiotelephony on frequencies 
below 30 megacycles (Me). Above 30 Me, fre- 
quency or phase modulation is used almost exclu- 
sively, a notable exception being 118-132 Me, 
where amplitude modulation is used for all two- 
way vhf radiotelephony in aviation operations. 

The least expensive method known for commu- 
lucating by telephony over distances longer than a 
few tens of miles is bv using the high frequencies 
of 3 30 Me. Furthermore, since radio is the only 
way to communicate with ships and aircraft, hf 
AM radiotelephony has remained essential to theqe 
operations, except for short distances that can he 
covered from land stations using the very high fre- 
quencies. Therefore, hf radiotelephony has become 
established for a great variety of pioneering and 
exploration enterprises and private, public, and 
government services needing telephone communica- 
tion. fixed or mobile, over substantial distances 
where there are no other ways to telephone. Be- 
cause AM techniques are simple and inexpensive, 
this form of modulation has predominated. The 
economic development of distant hinterland areas 
depends greatly on hf AM radio telephony to the 
outside world. 

Widespread use has led to serious crowding of 
the hf band. All governments are suspending the 
use of the hf band wherever it is technically and 
economically feasible to employ frequencies above 
30 Me using either direct transmission or radio re- 
peater stations. The trend to single-sideband modu- 
lation also alleviates the pressure of congestion in 
the hf band. 

Many of the radiotelephone systems in use oper- 
ate two ways on one frequency in simplex fashion, 
that is. all stations on the frequency are normally 
in a receiving status. Transmission, by press-to-talk 
(manual) or voice-operated carrier (automatic) 
switching from reception to transmission, occurs 


only while the sender is talking. Many stations ( > a „ 
thus occupy one frequency provided the volume 0 f 
traffic by each is small. Two-way telephony must }»> 
strictly sequential. This system is not adupted f 0r 
connection to a normal 2- wire telephone. 

Full duplex radiotelephony, for interconnexion 
with wire telephone systems, is essential for nun 
public correspondence. This requires two frequm- 
cies, each available full-time in one direction. R Vf , n 
so, typical fading of signals during propagation re- 
quires that voice-operated antiregeneration device 
he used to maintain circuit stability. Talking rmw 
he sequential between speakers as there can he m , 
interrupting, but the system will interconnect with 
conventional business or home telephones. 

Amplitude-modulated telegraphy consists of in- 
terrupting a carrier wave in accordance with the 
Morse dot-dash code, or codes used for the printing 
telegraph. Much of the radiotelegraph traffic of tin- 
world uses AM telegraphy, although there has bmi 
extensive conversion to frequency-shift (frequent, 
modulation I telegraphy since 1944, the luttri being 
better adapted to automatic teleprinting opera- 
tions. Radiotelegraph operations haw been r . 
fined, speeded, and mechanized, hut. under adwi*r 
noise and fading conditions. AM manual telegmphv 
between experienced operators is still more Ti- 
llable. Most aviation and marine radiotelegraphs 
uses AM manual methods. 

Single-sideband (SSB) hf telephony. Tin- i- 

modified form of amplitude modulation in sshi. h 
only one of the modulation sidebands i* trail- 
mitted. In some systems the carrier i** tiam-miitcil 
at a low level to act a 4 - a pilot frequency foi the 
regeneration of a replacement carrier at the rr 
reiver. Where other means are available for tln- 
purpose, the carrier may he cornpleteU ^uppre— nl 
Where intercommunication between AM and > S B 
systems is de.sired. the full carrier ma\ he Iran- 
mitted with one sideband. 

Since 1933, most transoceanic and intemmn- 
nental telephony has been by single-sideband n- 
duced-carrier radio transmission on freqiienxr- 
hetween 4000 and 27,000 kc. Since 1951. the use <>l 
SSB has expanded rapidly in replacing iomin"ii 
AM telephony for military and manv nonpubla 
radio services. In time, SSB will gradually di- 
place AM radiotelephony to reduce serious ini'*r 
ference due to overcrowding of tne radio spectrum 
SSB transmission also is leas affected bv select he 
fading in propagation. 

Multiplexing, both multiple- voice channel* " r 
teleprinter channels included with voice, is HPP** r “ 
to SSB transmission. Teleprinting the data tran " 
mission by frequency multiplex using SSB rauo 
telephone equipment is increasing and di'*pl« in, |‘ 
older methods of radiotelegraphy for fixed P 01 ^ 
to-pofnt government and coinmon-carrier senn***- 
See Transmission theory aRd methods. 

Aviation and marina navigation aids. Ampht" 
modulated radio has a dominant role in gm an , 
and position location, especially in aviation, w 1 
is almost wholly under radio guidance. Ra i° 
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,sed in traffic control from point to point, in hold- 
ng a position in a traffic pattern, and in approach 
, n d landing at airports. Distance measuring from 
, known point, radio position markers, runway 
oraltami, and glide-path directors ull use AM in 
, 0 mc form, if only for coded identification of a 

arility* 

Marine operations are not so dependent on radio 
Facilities as are those of aviation, hut almost every 
H'can-going ship makes use of direction finding, at 
| ra <t to determine its bearing from a radio station 
)f known location. Special marine coastal beacon 
.tatioiis emit identified signals solely for direction* 
finding purposes. Certain navigational systems 
iDerca. loran) for aviation are also used by ships 
l„r continuous position indication and guidance. 
SYNDICATION SYSTEMS, ELECTRONIC. 

Television broadcasting. Amplitude modulation 
h u*ed everywhere for the broadcasting of the pic- 
lure (video) portion of television. In England. 
France, and a few other places amplitude modu- 
lation is also used for the sound channel associated 
with the television picture, hut frequency modu- 
lation is more commonly used for sound. 

Countries of the Western Hemisphere. Japan, 
Philippine*. Thailand, and Iran broadcast tele- 
\M<*n video in an erni^mn band of 4.25 Mr. The 
English 'ideo bandwidth is 3 Me. the French svv 
1 ,-n, . U) Me. The re«t of rontinental Europe (except 
I i use^ a bandwidth of 5.25 Me. The carrier 
•iH|ijcncies employed are between 40 and 216 Me. 
irul from 470 to 800 Me. A channel allocation in- 
. lades the spectrum needed for both sound and 
;>u t,ir»\ Japan also use*. 88 108 Me for television 
lirnailcusting. 

The English and French h\ H irin'* employ positive 
\ideo modulation, in which white corresponds to 
liigher amplitude* of the modulation envelope and 
Mai k corresponds to lower amplitudes. All other 
f-ltihlished video broadcasting uses negative modu- 
lation. working in the opposite sense. Synchronizing 
1 'iil^s in the negative system are at maximum 
< arrie-r amplitude. The dynamic range from black 
to white in the picture ranges from 75 to 25 '7 of 
maximum amplitude. 

The upper- frequency portion of one video *ide- 
l>.tnd is suppressed bv filters so that its remaining 
'^ligr, together with the other complete sideband 
v transmitted. This is called vestigial sideband 
transmission and avoids unnecessary spectrum 
See Amplitude modulation. [ k.a.l.] 

Amygdule 

^ mineral filling formed in vesicles (cavities) of 
lava fle-vs. The j ava roc | t containing amygdtiles is 
an amygdaloid, or amygdaloidal lava, 
bases dissolved in liquid lava at depth come out 
" < ' 0,u,i °n and form bubbles as thre rising liquid 
^arhes the surface of the earth. When the lava con- 
s ,0 R °Iid rock, the trapped bubbles are pre- 
as holes, or vesicles. In pahoehoe lava the 
ro 'l • are ral * ier re Rular spheroids or groups of 
oa dicing spheroids— sometimes nearly spherical. 




liquid with 
rising gas 
bubbles 



(a) 



rising gas . 
bubbles ’ 


viscous 


mat, 

02 substratum % 

Vy////S/s//}s7ssssssyM 

(b) 



viscous 


solid 

UJJiA 



(c) 


Diagram of spheroidal and pipe vesicles in lava flows. 
(a) Liquid flow with vesicular crust, (b) Congeoling 
flow, (c) Nearly solidified flow. (From R. R. Shrock , 
Sequence in Layered Rocks , McGraw-Hill, 1948 ) 


but generally elongated and flattened owing to flow- 
age of the enclosing lava. The vesicles of aa and 
block lava are very irregular. .See Volcano. 

Amygdules may consist of mineral matter depos- 
ited by gasp* or liquids released during the con- 
solidation of the surrounding rock. Generally, how- 
ever. they are deposited by fluids of extraneous 
origin moving through the rocks. The depositing 
agents may he hot gases and hydrous solutions ris- 
ing in volcanic vent areas or in mineralized areas 
unrelated to volcanic vents; or they may he cold 
solutions in which the water is of meteoric (atmos- 
pheric! origin. The materia] deposited may he 
brought in from remote sources or derived by al- 
teration of the adjacent rocks. The common min- 
eral* of amvgdtiles are chalcedony, opal, calcite. 
chlorite, prehnite. pectolite. apophvllite. datolite. 
and \ariou* zeolite*. More rarely, native copper 
and silver may he found. Well-formed amygdules 
of gibbsite are found, sometimes abundantly, in 
areas of lateritir alteration of basaltic lavas. 

[c.a.m.J 

Amylase 

An enzyme which breaks down (hydrolyzes) starch, 
the reserve carbohydrate in plants, and glycogen, 
the reserve carbohydrate in animals, into reducing 
fermentable sugars, mainly maltose, and reducing 
nonfermcntable or slowly fermentable dextrins. 
Amvla*e* are classified as saccharifying (/?-amyl- 
ase) and as dextrinizing (a-amylases) . The a- and 
/?• amvlase* are specific for the nr- and /?-gltirosidi r 
bond* which connect the monosaccharide units into 
large aggregate*, the pob saccharides. The nr-amyl- 
as'- are found in all types of organs and tissues, 
whereas /J-amylase is found almost exclusively in 
higher plants. Ser Carbohydhate; Enzyme; Gly- 
cogen; Maltose. 

Animals. In animals the highest concentrations 
of amylase are found in the saliva and in the pan- 
creas. Salivary amylase is also known as ptyalin 
and is found in man. the ape. pig, guinea pig. squir- 
rel. mouse, and rat. Pig pancreas is rich in amylase 
whereas cattle, sheep, and dog pancreases have 
lower concentrations. 

Starch is one of the most important constituents 
of human food. The food prepared by the mouth 
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for swallowing (the bolus) is converted by the gas- 
tric juices into chyme (a semiliquid pastel. Chyme 
is passed through the pylorus into the duodenum 
where intestinal digestion occurs. Fart of this di- 
gestion is caused by pancreatic amylase which, like 
ptyalin. hydrolyzes starch to maltose. A maltase 
also found in pancreatic juice hydrolyzes maltose 
to glucose. Glucose is picked up by the blood 
stream for use in the tissues for respiration and 
for conversion to glycogen in the liver for storage. 

Plants. Starch is broken down during the ger- 
mination of seeds (rich in starch) by associated 
plant enzymes into sugars. These constitute the 
chief energy source in the early development of the 
plant, Amylase occurs abundantly in seeds and 
cereals such as malt. It also is found in yeasts, 
molds, and bacteria. 

Industry. Amylase is also used as a diastase in 
industry. It is used ( 1 ) in brewing and fermenta- 
tion industries for the conversion of starch to fer- 
mentable sugars. (21 in the textile industry for de- 
signing textiles. (3) in the laundry industry in a 
mixture with protease and lipase to launder 
clothes. (4) in the paper industry for sizing, and 
(51 in the food industry for preparation of *weet 
syrups, to increase diastase content of flour, for 
modification of food for infants, and for the re- 
moval of starch in jelly production. | d.vl. j 

Analcime 

A mineral belonging to the zeolite familv of *ili- 
i ates. with composition Naf AlSi-jO*. ) ’HyO. It 
crystallizes in the isometric sv*tem and is usually 
found in trapezohedral crystals. The crystal* are 
characterized by a complex internal structure com- 
posed of birefringent lamellae or sectors. Only 
rarely is it massive or granular. The hardness'is 
Mohs scale; specific gravity is 2.?? 
Crystals are white or colorless with a \itreou« 
luster. In color and crystal form analcime resem- 
bles leucite but can usually he distinguished from 
it by its free-growing crystals. Leucite is always 
imbedded in a rock matrix. .See Lepcite rock; 
Zeolite. 



Trapezohedral crystal typical of mineral analcime. 
(From C. S. Hurlbut , Jr., Dona's Manual of Minora logy, 
16th ed., Wiley, 1952) 

Analcime is most commonly a secondary mineral 
found in veins and cavities of basic igneous rocks 
(usually basalts) where it is associated with other 
zeolites, datolite. prehnite, and calcite. Although 
rare, analcime has been found as a primary con- 


stituent of certain igneous rocks. It occurs in the 
copper deposits of Lake Superior, and has been 
found in hydrothermal sulfide vein deposits. It u | Su 
occurs as small bedded deposits in saline lakes i r 
arid regions. [c.kr.; c.s.h, ] 

Analgesics 

Drugs used primarily for the relief of pain. Sew r «. 
pain has long been relieved by morphine, an opiatr 
derivative, and related compound* such as codeine 
laudanum, and other extracts of the poppy seed. | n 
recent years synthetic preparations with decreased 
hazards of side effects have largely supplanted 
most of these. Morphine, however, continues t„ 
hold a firm place in relief of prolonged or ^everr 
pain while codeine i* used for milder analgesia 

The salicv lutes, of which aspirin is the most r 0m 
mon example, relieve minor aches and pains ar ,| 
have the added feature of reducing elevated tem- 
peratures. 

Similar results, especially in the relief of dull 
minor pain*, like that of headaches, are obtained 
with the acetanalid group of coal-tar derivatives 
As with the salicylates, combinations of two or 
more ingredients, ut half strength or le^. jrj w ., 
more effective results than a full-strength dose n| lt 
single preparation. 

Lnlike the opiates which act on hither cerehr.it 
levels, the salicylates and coal-tar deiivutives sup 
press pain impulses at the lower brain rente?'. 
They therefore do not rause central netvoijs -v-icin 
depression and have fewer severe side effe, n on 
vital centers, but thev are |e^ able to relieve m um 
pain. 

The les-er analgesics are still potentiallv dan 
gerou* because of their availability. In mim rptihlt 
persons they ran rause severe toxic reactions sup 
pre**ion of blood cell formation, skin lesions, and. 
neurologic impairments. Death in infants . an m cm 
a* a result of overdosage with salicylates and nul 
tar derivatives or of sensitivity to them. Vr <.n 
THAI. NKRlons SYSTEM : HYPERSENSITIVITY. 

j h.t. s| 

Analog computer 

A machine aid to computation in which variable 
are represented as continuously variuhh* phonal 
quantities. An analog computer provide*- a inod»-l 
of the .system being studied. The physical form <»f 
the analog may be similar to that of the system, 
but more often the analogy is based solely up ,,n 
the mathematical equivalence of the interdepend 
ence of computer variables gnd the variables in t v 
physical system. .See Compiler. 

The principal application of analog compn ,( j r " 
has been in the study of Systems descrihahle >' 
ordinary differential equat&n* {see Dieeerentiai 
analyzer >. Analog techniques also have been 
for studying systems requiring partial differentia 
equations for their description and, to a lessor ^ 
gree, for solving sets of simultaneous, linear, a F 
braic equations and for finding the roots o P° 



(irr iial$. Network analyzers, which are used hy the 
()Wrr companies in studying the characteristics rtf 
IcH'tric* power systems, represent another type of 
nalog computer. 

special- purpose analog computers have found 
xtrnsivc use in aircraft autopilot, bombing, and 
ligation systems; in gun-laying and fire-control 
N „ le ms; in fuel controllers for turbojet engines; 
„a in flight trainers. 

|V slide rule, which was devised in the scvcn- 
,Yiith century, represents the fir«t analng-rornput- 
nJ r aid to become a common engineering tool. See 


Mil) K HI I K. 

Beginning approximately in 182. r >, several inte- 
grating device- were developed for measuring the 
lua under a curve, and in 1876 William Thom- 
later Lord Kelvin. presented a complete de- 
.iri|>ti° n of the process of solving a general ordi- 
nJ r\ differential equation hv analog means. How- 
„ u . ri it was not until 1925 that Vannevar Hush and 
I,;, (olleagues at the Massachusetts Institute of 
lVihn*»logv begun the development of the first 
;irjrtn.tl analog computer for solving ordinurv dif- 
tcrriitial equations. The Mirce— of this machine, 
n iint-cl the mechanical difTerential analy/er. led to 
♦hr ronstiijctiofi of similar machines in i li i- conn- 
:rv and abroad and prompted the group at M.l.T. 
'.iHiiisfrmt a much more elaborate machine, w H i< h 
w placed in operation in 1912. The electronic 
Mrrential analv/er had it- gene-i- during World 
ft.ir II and has displaced mechanical computers 
r>\ ( rpt for some special-purpose aptdic.it ions, such 
u'in jet-engine fuel controllers. 

i.rnrral-piirpo-e electronic differential analv/ers 
a*- m»w produced bv a number of companies. Coni- 


! :tmc error- of individual elements in these ma- 
■ Sine- vary between 0.02 and 3 per cent of full 
- iV. depending upon the mathematical operation 
willed and the qualitv of the component, but de- 
amination of the over all aecuraev to be expec ted 
m a specific solution is diffic ult. Solution time is 
•s-rniiallv independent of *lie problem being 
-•lved. hut the number of computing elements u«ed 
more or less directly with the complexity 
"i the problem. 


l ittle* progress has been made toward develop- 
1,18 funeral- purpose computers for solving partial 
differential equations, because no single method 
for the -edntion of all partial differential 
‘‘'I'utioim. In fart, techniques are available for the* 
'Uidi of relatively few equations of this tvpe. such 
the Laplace and Poisson equations. Similarly. 
hrra l Methods have been developed for obtaining 
Ml ul * otl ' to linear and nonlinear algebraic equa- 
no single scheme of outstanding merit 
a> ^Merged, Therefore, these equations usually 
J re s< ^ ve *^ digitally. For discussion of digital tech- 

w Digital coMPUTKii. 

that k ^vantages of analog methods are 
* * e rc ff uired solution time is short (even for 
^ differential equations!, and that 

8 problem is set up on an analog computer. 
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solutions for a wide range of system parameters 
may be investigated in a very short time. 

Types of analog computers. Analog computers 
are, in general, mechanical, electromechanical, or 
electronic:. Lach type possesses certain general ad- 
vantages in speed, accuracy, or reliability, and a 
specific type may be best suited to performing a 
specified mathematical operation. Consequently, it 
is common to see more than one type of computing 
element in a single computer. 

Mechanical arming computers. These generate 
problem solutions primarily by mechanical means. 
Although they have been displaced almost com- 
pletely bv electronic or electromechanical com- 
puters for general-purpose applications, they are 
^till widely u-ed as special-purpose computers. 

I h»* accuracy achievable with the best mechanical 
computing elements exceeds that obtainable with 
electronic elements and a mechanical computer 
c;m he reliable even when operated in an unfavor- 
able env ironment. 

>pc< ihc mechanical computing elements are 
de*»< rihed under the heading** of the mathematical 
operations perfoiined by the element. 

hlef tromrchaniral analog computers. Any ana- 
log computer ernploving element** **uch as motors, 
potent hum-tor**. or pen iecorders falls into the cate- 
g<uv uf the electromechanical computers. On this 
ha- i- nearly all computer*-, except the high-speed 
repetitive tvpe. fall into thi** category. In a some- 
what more restrictive -en-e. the term electro- 
mechanical computer applies to computers in which 
a relatively large number of instrument servos is 
u-ed to pei form Mich operation- a- multiplication 
and function generation. Although high accuracy 
can be achieved with properly designed electro- 
mechanical computing elements, these units have a 
re-tricted speed .espon-e and require somewhat 
more specialized n aintenanre than purely elec- 
tronic element-. \- a re-ult. the tendency in the de- 
sign of general-purpose analog computer* is away 
from the u-e of -ervos and other electromechanical 
unit-. However, where a large number of nonlinear 
functions must he generated and a large number of 
multiplications performed, such as in flight train- 
ers. servos are best f»*r the*e operations. 

Servo multiplier-, divider*, and function genera- 
tor- are di*eu*sed under the headings of multipli- 
cation. division, and function generation. 

Electronic analog computers. The term elec- 
tron* analog computer generally refer- to an ana- 
log computer for solving ordinary differential 
equation- in vvhieh most if not all of the computa- 
tion is done hv purely electronic means. Such com- 
puters offer the advantage of much greater speed 
than a mechanical or electromechanical computer. 
In fact, all-electronic machines are sometimes de- 
signed to permit repeating the solution to a prob- 
lem 10 60 times per second. Specific computer 
components are described under the appropriate 
mathematical function, such as addition, multipli- 
cation. and function generation. 
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Fig. 1. Analogous mechanical and electrical systems, 
(a) Spring-supported mass, (b) Parallel RLC circuit in 
which current is analogous to force in (a), (c) Series 
RLC circuit in which voltage is analogous to force in 

(a). 

Mechanical-electrical analogies. One important 
class of direct analogs or models is that relating 
electrical and mechanical systems. Several of 
the laws describing important relationships in dif- 
ferent types of physical systems are of the same 
mathematical form. For example. Kirrhhoff's law* 
for electrical networks state that the algebraic sum 
of all currents flowing toward any point is zero at 
all times and that the algebraic sum of all the volt- 
age drops around any closed circuit is zero at all 
times. In mechanics, Newton stated comparable 
laws of static equilibrium for both translational 
systems, in which the algebraic sum of the forces 
acting at a point on a body in etpiilihrium is zero, 
and rotational systems, in which the sum of the 
torques acting on a body in equilibrium is. zero. 
Comparable analogous statements can be made 
about steady-state conditions prevailing in mag- 
netic circuits, hydraulic systems, and thermal sys- 
tems. 

Analogies also exist between the dynamic laws 
that prevail in electrical networks, mechanics, 
acoustics, hydraulics, and thermodynamics. These 
analogies and the concept of direct-analog compu- 
tation may be illustrated by a simple example. 

Figure la shows a schematic representation of a 
spring-supported mass M constrained to move in a 
vertical direction. At lime t = 0, the mass is at rest 
in an equilibrium position, s ■ 0. A force /(*) is 
applied between the frame of reference and the 
mass. Viscous friction exists between the mass and 
its guides. The differential equation describing 
this system is 

f(t) -f K (t) -fait) - M a — t 

where the subscript K or B identifies the force con- 
tributed by the spring or the friction. Substitution 
of the appropriate expressions for the forces yields 

/<„.«** +s | +/tJ 


In terms of velocity, v ds/dt , this equation tak< 
the form 

/(<) - Mj t + Bv+ Kfvdt 

Application of Kirchhoff's first law to an H,. ( 
trieal circuit consisting of a current generator 
driving a resistance R, an inductance L % and a 
pacitance C connected in parallel (Fig. \l>) viH ( 

i(t) » icM 4- ifAO 4 *r(0 

where the subscript G refers to reciprocal ie S|s 
ance, or conductance, and the subscript r n-f n 
to reciprocal inductance. Substitution of the i( | 
propriate expressions relating currents to vo|ta<. 
drops yields 

m = C^ + Gr+ rfedt 

Comparison of this equation with the fm il r«pi rl 
tion derived for the mechanical system show* th., 
they are identical in form and. consequently mi 
have identical mathematical solutions. TherHon 
if current is made analogous to force, it fit||<>\> 
that voltage is analogous to velocity; raparitutin 
is analogous to mass; conductance i* analogous t- 
viscous friction; and reciprocal inductance i* .'m.ii 
ogous to spring stiffness. 

Figure lr shows an alternate form of elntm.i 
system which is also analogous to the inn ham. i 
system. Here, if voltage is made analogous to tom 
current i« analogous to velocity ; imhnfiim <■ i 
analogous to mass resistance is analogous to n- 
cons friction; and elastance t reciprocal 
tance ) is analogous to stiffness. 

One or the other of these analogies < an hr .u 
plied in the analysis of a variety of lumpni 
chanical systems. 

ANALOG COMPUTING DEVICES 

The techniques used most mmrnonh f<*r p* r 
forming the mathematical operations ne» ^ur\ *"r 
the analog solution of ordinary difTerenti.il ripu 
tion* are described under the headings of the iruth* 
matical operations to be performed, with liirthn 
subdivision* on the basis of the types of equipment 
employed. 

Addition. One of the simplest operation-. 
tion is frequently used in the solution of ordm.in 
differential equations. Since subtraction i- f '** 
same process as addition, Except that the si^n >• n 
versed, subtraction is not£ treated separateb <rt 

Mechanical addition . ^Addition mav be l* r 
formed mechanically withjdifferenlial* ,n ‘ , 4‘| | P " 
linkages, racks, or gears ?as illustrated in «£■ “ 
The form of device used t i perform mcchann a 
dition is dictated largely by whether Iran- ^ 
ov rotational mechanical fciotions are m aM . 
The linkage differential «um* two linear ni«i « 
and gives linear output, at docs the rack an ^ 
unit. Two rotary motions are summed t<> 8 ,vl 
ear output in a screw differential, while t* rt r< 




X input guar y | npu , 0#or 



Fig. 2. Mechanical differentials, (a) Linkage, (b) Rack 
and spur gear, (c) Bevel gear. 


H 2 



fig 3 Simple resistive summing circuit. 


« notary output in a gear differential. 

Upe of mechanical differential i> Mihpvt to 
ubrii’almn error*. which lead to backlash. There- 
,,,K ,ar K** r element* ran he* mad#* vs ith *maller 
'^‘Tv hi*tmment gear differential*. using gear* 
j* 1 ‘‘fproximatedy 1-in. diameter, are available with 
'•ii'kUthen as low as 5 min of arc. 

Untriml addition. Voltage* mav he summed in 
Simple resistance network shown in Fig. .1 The 
voltage v n is given by the expression 

*2 /?| 

'•'s;r«, r, + Rr+kt* 

^though this circuit may be extended to permit 
tljmmig n voltages, it has the disadvantage that 
at!row * which the output voltage t\, is 
M 1,1 ^ influences the result obtained. When it 
, l 1P | f ^ a f *he summation be unaffected bv 
a I'|)li' 1 | ,re8 * Hjanre * a!l * n ff cn<?ra I’P ll * , P°w computer 
plifi#.!- 11 •?' 8 r * rc . u ** employing a high-gain am* 
a /rsi*tive network is used. 

f'lainId° P<ra,i0n BWI ™™ng amplifier is ex- 

ra n » Pni m ° S? * n t<Tm8 of the aingle*input ar* 
lion |» v « n L ,IH f^ * or * ca * c Stinging, or multiplica- 
nd coefficient. as shown in Fig. 4, 
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JriTl!* ,bh rur r nl n,)ws in, ° ,he amplifier, the 

error voltage may bv written directly ax 

v , J</_ , R, 

K' + ~R/ %t R, + R t V ° 

l-urth.-rmore. the output of the amplifier ix re- 
late d to its input by 

* u ~ /4 v f 

Where the amplifier gain ix very high, combination 
•t Ihe above two equations yields 


,h " as 7 , "l’‘i ,,n ,)f * ^ry high amplifier gain re- 

iwThi ‘ '•’•‘■"‘T ,v a PP roa <'h zero. I n- 

er <h,s condition the various inputs used in sum- 

of the V ° '**** hg ' S) d " no ' in,cri ‘ 1 '- The sum 
« he currents through the „ input resistors must 

'•I al Ihe current through the feedback resistor R, 

w,lh ,h< ’ r, ' ul ' 'hat for the general case 

U" + ^ ,,+ + R n '") 

In computers employing an alternating-current 
voltage as the analog ipiantity. transformers may 



Fig. 5. Circuit for summation of n voltages. 





variable by a constant, and multiplication of l)ru 
computer variable by another. The first type is wj tll , 
pie: the second is difficult. Multiplication inav h #< 
performed mechanically, electromechanical!) . 
entirely electrically as described in the following 
sections. 

The chief requirements for a multiplier to 
used in a general-purpose analog computer ,n,. 
speed, accuracy, and relative simplicity. Ser\«, 
multipliers of the type described in this article ran 
be built to meet the last two requirements. Imt lhrj r 
speed of response is inherent Iv limited. Manv ai 
tempts have been made to build all-electronic rmil 
ti pliers that meet all three requirements. The r| . 
rors in these multiplier** generally have been ]'; 
or greater. Although this accurae) of multiplier- i„ 
satisfactory for manv applications, it is an order nt 
magnitude poorer than that achieved in the lin» iU 
computing components. Furthermore, most <d p„. 
all-electronic schemes have been complex. 0 n |\ 
vvidelv used tvpes of multipliers are discussed 

Mrchiiniral muhiplinttinn . The operation ..f 
multiplving a computer variable In a constant m.r. 
he a<hieved mechanicallv h\ either a simple gi,,r 
ratio or a lever s\-.|ern. 

Multiplication of one eompiiter variable h\ art 
other can be performed bv (It inten onnectiun <•! 
a pair of integrators: i2» linkage rim hanisrn* 
based upon similar triangles; and ld» square l.m 
or logaritliinic gears or cams. 

Mechanization of the mathematical ielatiorni.ii 

£ • ,h * r <u 

indicates how multiplication can he pertonw 
with a pair of generali/eil integrator- and .1 dilhi 
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•ntial for dimming their outputs. The inlerc -ounce- 
i, m? required are shown schemata ally in Kip. 7. 
Linkage multipliers based upon similar triangles 
take several forms; Fig. 8 shows the ba>ic 
1( | e:1 involved. The T-shaped member is free to ro- 
tate about the axis 0. Provision is made for posi- 
i inning the member B thing the fixed slide C and 
i„ r positioning the pin P 2 in slide A. whirh is 
parallel to C By similar triangles 
: x xv 

v “ k ° r * ~ k 

]},!]. the produet is obtained as the distance ; of 
:pr pin P- from the slide C. 

A mechanical quarter-square* multiplier based 
•«m the identitv 

a y « ( x -f y l* t v — v I " 1 

■ jti h»* mechanized with squaring cams or square- 
la* spiral-face gears, each of which is di-cussed 
under function generation. Figure 9 is a schematic 
rq'ip'fnlalinn of tujch a multiplier. 

>» nomultipliers . A servomulliplier includes a 
1 ontnd potentiometer and a multiplying potenti- 
om^tei . vshich are mechanically coupled and driven 
‘ ,v * servomotor (Fig- 10). The control potentiom- 
p i(* r i* excited from the fixed reference supplv in 
thr uunputer, and the multiplying potentiometer 
exciifci from the multiplicand voltage t The 
sm() ^roes its error voltage by rotating the arm of 
^ ^ntrnl potentiometer to a position such that 
^ 'ullage at the potentiometer slider equals some 
constant times v\. The position of the poten- 
tiometers is, therefore, proportional to r*. If the 
potentiometers are both linear and if they 
Mi exactly, the voltage at the slider of the multi- 
p 'ton potentiometer may he expressed as 

Vo - fctnV it?* 

bntK^ *"* * a * n * aclor multiplier. If 

are Wwiometere are excited with voltages that 
Dlir c . d t0 * r °wt»d* true four-quadrant multi- 
ft,on ia achieved. Several multiplying poten* 



fig 10. Servomultiplier. 


tiom ter- may he ganged with a single reference 
potentiometer, so that one voltage fj may be multi- 
plied h> several other voltages with a single servo 
unit. Nonlinear multiplying potentiometers may be 
used if a multiplication of the form 

' = &rrit i/ft-) 

is desired. 

Accuracies of the order of 0.05 per cent can be 
achieved with s rvomultipliers. and for low-fre- 
quency applications, where their limited hand- 
width and acceleration capabilities are adequate, 
servomultipliers find wide application. 

Pulsruidth. pulsenmplitude multipliers. Also 
called time-division multipliers, these operate on 
the principle that the axerage value E„ of a train 
of rectangular pulses iFig. lit can be ex- 
pressed as 



Fig. 1 1 . Basic waveform of time-division multiplier. 
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Through u *e of appropriate circuitry, the times t\ 
and tz are controlled in such a manner that the 
average voltage E n is given by 



where and r* are two voltage inputs to the mul- 
tiplier. If the pulse train amplitude E is made pro- 
portional to the multiplier input vz and the multi- 
plier output r„ is made proportional to E„ % the 
operation of the multiplier may he expressed in 
the form 



t'3 


where Ac is a design constant. 

The principle of this type of multiplier is rela- 
tively simple, and conventional pulse-circuit tech- 
niques initially were utilized in their design. How- 
ever, the accuracy w*as limited by difficulties 
associated with accurate time division of the wave- 
form and control of the amplitude. These difficul- 
ties are minimized by the use of a feedback system, 
to establish the proper timing, and a high-preci- 
sion feedback-type electronic switch, to make the 
characteristics of the multiplier essentially inde- 
pendent of the tube characteristics. 

To minimize the multiplier errors resulting, from 
a finite switching time, the waveforms must have 
extremely steep sides. Lowering the basic repeti- 
"ion frequency alleviates this problem hut increases 
the problem of filtering. Consequently the choice 
of repetition frequency is a compromise. 

For favorable combinations of inputs, the errors 
in a multiplier of this type can he held below 0.1 
per cent of full scale, and time-division imiltiplfers 
are used widely in analog computer work. 

Electronic quarter-square multiplier. Mathemat- 
ically. an electronic quarter-square multiplier is 
the same as its mechanical equivalent. The only 
real difficulty with the electronic multiplier is in 
the generation of the squares. The approximate 
square-law characteristics that can he generated 
directly with vacuum tubes or thyrite give mini- 
mum errors above 2 per cent. A resistance network 
and a group of diodes can generate a straight-line- 
segment representation of .a square-law function 
as described later under Function generation. The 
errors in quarter-square multipliers of thia design 
can be held to l per cent or less. 



Fig. 12. Divider employing servo-driven multiplier. 


Comparison of analog multipliers. The high a«. 
curacy achieved in analog-computing components 
such as integrators and coefficient multipliers. 
suits from the use of feedback in such a w«\ if,.,, 
the stability and linearity of the units are rh-trr 
mined by the characteristics of passive Hciihmus 
rather than those of vacuum tubes. A high-pei form 
ance multiplier is difficult to design because i|, ( > 
product cannot be compared directly with either 
of the input signals for the purpose of obtaining an 
error signal to he used in the feedback loop. 

In the multipliers described, one of the follow in^ 
schemes has been used to achieve high accurate 
(1) an indirect type of feedback control. (2i a rii 
cuit in which vacuum tubes act merely as switch^ 
In u conventional servoimiltiplier, the imJimi 
control of the feedback limp employs a refm-ntc 
voltage and a feedback potentiometer. The e|[< ( 
tiveness of this method depends upon the conq.im n 
of the reference signal and upon the similarih 
the control and multiplying potentiometers. 

In the time-division multipliers and in the ipuii- 
ter-square multiplier using a segmented-shai^ln 
line representation of the square-law function. \.n 
uuin tubes are used merely as switches. The mr .•( 
tubes in this manner offers great possibilities in thr 
design of precision computing components 
demonstrated by performance that approat he- t h.i? 
achieved in linear computing components. 

Division. Although division is in mam wax- 
similar to multiplication, some division -<lnir.» » 
utilize special techniques ami introduce additional 
problems. 

Mechanical division . At first glance it might ;t|» 
pear possible to perform division |»\ interclianginn 
the output and one of the inputs of a multiple 
The practical difficulty with this approach i- I ii.it 
the quotient approaches infinity as the dixisoi an 
proaches zero. This requirement exceeds tin* «.i 
parity of any physical device. Furthermore, cxni 
within the capacity of the device, a high input 
torque is required when the divisor is Mini 1 1 and 
friction may make the device completely inopera 
tive. This latter difficulty can he avoided bv inter 
connecting a multiplier, a differential, and a moim 
in the form of a servo loop, as shown in Fig. 12. 

ff the assumption is made that the quotient r i* 
within physical limitations, z can he multiplied !•' 
the divisor y to give zy. Subtraction of zv from tin 
dividend x yields an error signal which can b*- 
transformed into an electrical signal, amplify 
and used to drive the z input of the multiplici. H 
the gain of the servo loop is high, the servo will 
cause the error to approach zero. Thus 

x — yz — 0 


z * x/y 

In an alternate approach the reciprocal 
divisor is obtained from a function cam (discus* 1 
later in this article) and this result is multiple 
the dividend in a conventional multiplier. 
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pig. 13. Position servo used for division. 
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and motor 
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± 
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Fig. 14. Gain-compensated divider servo. 


Electromechanical and electronic division. The 
position-servo scheme used for multiplication ran 
he rearranged as in Fig. 13 to permit di vision. The 
sumption ma\ he made that the motor velocity is 
related to the error voltage r, by the constant k. 
The output of the control potentiometer is repre- 
sented as its input voltage times the factor f) fly, 
where fl is the angle the slider has been moved 
from the zero output position and is the full- 
Mjle rotation. The error voltage may be written 

0 

#V '* ' 2 ‘ "Or 

In the steady state. fl equals fl h v-> i\, and the out- 
put ot the potentiometer excited from r*i is v\0 fly, 
which equals v\V» r t . Because the loop gain 
« A r , fly l of this sv stern varies directly with the in- 
pul i .. the svstem is sluggish for small values of t t 
hut rnav oscillate for large values of r lt . This diffi- 
• n It v i< overcome bv passing the error signal 
through a third potentiometer as shown in Fig. 14. 

Division can be performed with a single, linear, 
tapped potentiometer as shown in Fig. 15, provided 
that the divisor never is less than a prescribed 
value. This scheme is particularly useful in cases 
where the divisor is in the form of a shaft angle 0. 
II operation is restricted to the section of the po- 
tentiometer below the tap point, that is. 6 > 0, the 
ratio of output voltage to input voltage may he 
written 


- L <4><6, 


, + 
mu* i 

P 


e, p \d>) 

"here p is the resistance of the potentiometer in 
"Hnih/rad and (f> is defined such that 


4 > 



Thus division is achieved with respect to the vari- 
able fa 

Several types of electronic multipliers actually 
develop an output of the form V\V 2 /v*, with the re- 
s ult that either multiplication or division is possi- 
ble depending on which inputs are employed. Be- 


output 


cause division hv a small number yields a large 
output, care must he exercised that the divisor 
does not become too small. 

Differentiation. Differentiating devices are com- 
monly employed in indicating instruments, such as 
speedometers.* and as sensing and stabilizing ele- 
ments in control systems. Their use is usually 
avoided in the solution of differential equation*, 
because the technique employing integrators lead® 
to greater solution accuracy {see Difff.kf.ntim. 
analyzkk ). Differentiation rnay be performed 
by mechanical, electromechanical, or electronic 
means. 

Mechanical differentiation. Mechanical schemes 
utilize a phenomenon characterized by a propor- 
tional relationship between force or torque and 
velocity. Both viscous drag and the torque required 
to precess a gyroscope are in this category. Figure 
16 shows a viscous-drag differentiator in schematic 
form. Hotation of the inner cylinder at a velocity 
dft dt causes a drag force to he exerted on the con- 
strained cylinder. Under ideal conditions this 
force is given by F * B dd.dt , where B is the co- 
efficient of drag. The force on the constrained cyl- 
inder is opposed by the springs which exert a force 
proportional to their deflection. For small deflec- 
tions 

F = B(d6 dt) = k<f> 
or 

<f> = {B k) {dd t dt) 



Fig. 15. Division circuit with a single, tapped, linear 
potentiometer. 
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dashpo! 



Therefore, the angle <t> is proportional to the deriv- 
ative of 0. Since the inertia of the rotating mem- 
bers has been neglected, the analvsi-. is \alid 
strictly only under steady-«tatc conditions. How- 
ever, if the inertias are kept low a good approxi- 
mation to differentiation can he achieved. 

f or linear motions the viscous drag force can be 
developed in a dash pot, which consists of a piston 
in a closed cylinder with provision for fluid to pass 
through a small opening in the piston as the piston 
is moved. An automobile shock absorber is an ex- 
ample of such a device. The force required to move 
the piston is proportional to the velocity at which 
the piston is moved. A dashpot coupled by levers 
to a spring (Fig. 17) provides a displacement x j 
proportional to the derivative of the input posi- 
tion x. 

Electromechanical differentiation. Differentia- 
tion may he performed with a tachometer, which 
ideally develops an output voltage proportional to 
the angular velocity of its shaft and thus to the 
derivative of shaft position. Although many types 
of tachometers have been developed, the principal 
types used in control and computation are dc gen- 
erators and ac induction generators. Both perma- 


nent-magnet and separately excited dc generators 
are used as dc tachometers. Although dc units pro- 
duce a high output voltage for a given speed, com 
mutation problems lead to linearity errors of a j, ou| 
0.5 per cent. 

A conventional ac generator normally is not suit, 
able for use as a tachometer because both fn*. 
quencv und output voltage vary with shaft sp m J 
However, if one winding of a two-phase induction 
motor is excited from a constant-voltage source, a 
voltage approximately proportional to shaft sp m j 
and of the same frequency as the excitation voltage 
is generated in the second winding. Drag-cup run- 
struction is preferable to squirrel-cage constm. . 
lion for precision tachometers, and drag-cup » 4i 
chometers are available with linearity error*, of 
approximated one part in a thousand. 

Electrical differentiation . A voltage proportion il 
to the derivative of a second voltage can be genet 
ated bv a resistance-capacitance (RC\ rinuil <u (1 
resistance-inductance (RL) circuit (Fig. 1H • L. r 
many applications, a relativelv crude appruum.t 
tion of the derivative is sufficient and these v.impli 
circuits suffice. The accuracy of the R(. dilfcrrnin 
tor is improved bv using small values o| R and ( 

I short time constant i. but this leads to a 
output voltage. Likewise the RL diflcicnti.iin: 
requires a large R and a small A foi high a« » m.i. \ 
A heller circuit is obtained b\ intcvch.ingiiu* ill* 
resistor and capacitor in the integration • in ml ■*! 
Fig. 21. This feedback differentiator gives good ■< 
suits, providing tin* input signal is relativelv h" 
of extraneous high-frequency components. 

Integration. The analog solution of onlmarv «L I 
ferential equations is based'*1ipon the use ul m 
tegrators. Integration can be performed incclum 
callv with ball-and-disk nr disk-disk inn haiiMn- 
electrnniechanicallv with a rate -mniiin Iuuii-ii 
or electricallv with an RL fredhat k nctwiuk 
around a high-gain amplifier. Kacli of these m«i» 
ods i*. discussed in turn. Pneumatic integrities n 
which a gas is passed through an orifne ml" ! 
tank, are also used. 


( 



Fig. 18. Differentiating circuit*, (o) RC diff«ron* io, °' 
(b) RL differentiator. 



Mechanical integrators. Probably the first me- 
rhunical integrating deviee was the planimeter in- 
billed in 1814 by J. M. Hermann. Over the next 40 
N rars various planimeters were proposed. but this 
w <,rk did little to introduce integrating devices into 
mathematical analysis. In the early 1860s James 
Thomson proposed a disk-sphere-cylinder integra- 
tor. an«l about 10 years later William Thomson, 
later lord Kelvin, conceived the ha tic idea of inter- 
connecting integrators to obtain analog solutions to 
ordinary differential equations. 

The geometry of a classical disk-disk integrator 
js shown in Fig. 19. Integrators of this type were 
,,„rd in the differential analyzers built at the Mas- 
sachusetts Institute of Technology and in main fire- 
, Miitrol computers built during World War II. In 
tin* integrator 

i - angular position of large input disk 
v - radial position of small disk as measured 
from center of large disk 
r -* radius of small disk 

g scale factor relating angular rotation of the 
output shaft to that of small disk 
- _ angular position of output shaft 

\n expression relating a differential rotation dz of 
the output shaft to a differential rotation d \ oi the 
input shaft can be written ditertlv from the geom- 
cln “1 the s>s|em as follows; 


2 m d i 'lirgt dz 



splmed shaft 
and spur gear 


for output take-off 
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Fach of the inputs ran be a function of any arbi- 
trary variable; therefore, a mechanical integrator 
is not restricted to performing integration with re- 
spect to time as is an efectronie integrator. Because 
of their reliability and relative simplicity, mechan- 
ical integrators find considerable use in special- 
purpose computers. They are also widely u«ed as 
continuously variable speed changers. In commer- 
cially available units the «i/t; 0 f the large disk 
ranges from 1.5 to 5 in. These units utilize hard- 
ened steel alloys. Typical accuracy specifications 
for a 1.5-in. unit is 0.5 per cent for loads up to 

I in.-oz. Accuracy improves as the disk size is in- 
creased. 

I he primary defieiency of the disk-disk integra- 
tor is that it can supply only a limited load torque. 
An inriease in the output torque capabilities re- 
quires an increase in the compressive load between 
the disks, hut this in turn increases the force re- 
quired for sliding the small disk. If the solution of 
a problem requires that the output of one integra- 
tor dri\e the in put of another, a difficult compro- 
mise results. This limitation on the disk-di^k in- 
tegrator is j.artl\ obviated in the hall-and-disk 
integrator where rolling friction replaces sliding 
friction. 

In the M.f.T. differential analv zer*. torque am- 
plifiers were used to obtain increased output 
torque. The original units emplnved mechanical 
torque amplification: the later machine used a 
servo follow-up s\sfem. 

FJei trorncchanicftl integrators. Integration is ac- 
complished electromechanirallv with a rate servo- 
mechanism i Fig. 20 1. Servo action causes the volt- 
age developed 1>\ the tachometer to equal the input 
voltage. If k, is the gain of the tachometer in volts 

I I ad i i set i for the particular reference employed 

and if the tachometer turns through an angle f). 
tin* motto runs at a .speed such that t’i = dt I. 

If the potentiometer is geared 1 :G to the tachome- 
ter and supplied with a voltage r 2 the output volt- 
age is 



when* is the angular rotation of the potentiome- 
ter corresponding to the voltage i j. A servo of this 
tvpe employing a drag-cup tachometer represents 
the most satisfactory technique available for inte- 
grating a signal in the form of a suppressed-carrier 
voltage. An accuracy of better than 1 part in 
1000 can be achieved, hilt the frequenev response 
is limited. 


jjW voltage £, 


reference voltage 

_L_ ’ 



^'9. 20. Rate servo Integrator. 
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Fig. 21. Basic circuit for integration. 



Fig. 22. Electronic integrator with initial-condition cir- 
cuit. 

Electronic integrators. The* basic circuit for per- 
mmiing integration in electronic analog computer* 
is similar to that employed for scale changing but. 
employs capacitive rather than resistive feed bark 
( see Fig. 21 ». If the amplifier is ideal, the input 
current may be written a* i. « r, R t . If the errpr 
voltage is negligible, the voltage across the capaci- 
tor equals the output voltage arid, consequently, 
may fie written as 

■ 0 - y. f 0 ‘ i/ lit +- r„(0) 

Substitution of the expression for i f (equals - i t ) 
into the above equation yields 

~ ii.c ' ,u + rJ0) 

The gain factor of the integrator is the product of 
the input resistor and the feedback capacitor. In 
practice the error resulting from noninfinite am- 
plifier gain is negligible. For good performance the 
feedback capacitor must have high leakage resist- 
ance and the grid current in the input stage of the 
amplifier must he small. 

To use an integrator in a differential analyzer, 
means must he provided to set the initial value of 
the integral. Because the value of the integral i* 
proportional to the voltage across the capacitor, 
the direct way to set the initial value is to place a 
charge on the capacitor prior to the start of the 
solution. Figure 22 illustrates the basic circuit 
often used. In the initial condition position, the 
amplifier input is switched to a resistive network 


where the potentiometer setting determine r |, fl 
voltage to which the capacitor is charged. Wli ( . M 
the switch is placed in the comi'Ijtk position. t| i( . 
rapacitor initially retains its charge, hut the , j r . 
cuit begins to function as an integrator. In the -o|„ 
tion of a set of equations, a number of stub circuits 
must he switrlmd simultaneously. This switching 
usually is accomplished with relays having tlu*i r 
coils connected in parallel and energized throng, 
a common switch. 

FUNCTION GENERATION 

A function generator frequently is requited m 
the solution of nonlinear differential equation* |, x 
analog means and in the mechanization of complev 
control s\ stems. Although most of the effort !,,,. 
been concerned with the development of genet uinis 
for function** of one independent variable, in. hm 
ing attention has been given since iqfi.i to tin* 
development of methods for generating fun. ti., M . 
of two arbitrary variables. A related problem 
cent*. the geneiation of functions of time. |l„ 
mechanical and electrical function generation 
schemes most widelv used are discussed in lit. 
following sections. 

Trigonometric function generators. The p , lt 

tion of trigonometric functions icpresent* ,i p fll |. 
lent of particular importance. Sine and io-im. 
functions are most fiequentlv encaunteted ami 
variety of *>«tems lias been developed fm tic n 
generation. 

Mechttniml trigonometric generators. I lie *v.»ii h 
voke mechanism (Fig. 2.t ) is one of tin- mum ti. 
quentlv used mechanical device** loi geneutn,- 
*ine* and cosines. \ crank pin C. tot.iles about . 
pivot P at a fixed distance /. The pin til - -nugiv 
into a pair of 'lotted members, win. h arc ummihImI 
at right angles to each other and an* free to *lidr u. 
fixed support**. As the crank is angularlv p«i-il n/n##! 
to input angle the bori/onlal extension e\n uii - 



Flg. 23. Double Scotch yoke mechanism. 





a nn»l»«n r c.oh O and the vertical extension executes 
a motion r sin 0. 

The gear mechanism (Fig. 24) is another means 
f (ir generating sine and cosine functions mechani'- 
iiillv- ,n lhls novice the diameter of the large j„ 
tcrnal gear is twice that of the planet gear which 
jc arranged to roll inside it. As the? larger g.-cr 
rotates about its axis, the small gear rotates j„sj ( '|e 
and its renter describes a circ le. Because of i|,e 
(•eoiiielrv of the system, the pin P moves along the 
line A-.V. and its distance from the center of the 
large circle- is lr sin 0 or 2r cos 0 depending on 
reference taken for 0. Since these units imobe 
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F '0- 26. Shaped-card 
<o) Pictorial, lb) Schematic. 


sine-cosine 


potentiometer. 




f ° n 0ent fun^^ C °^ n ^ cotc ^ for generating 


n 2 



f '9 27. Circuit for generation of tangent function. 


r- mg rather than sliding motion, thee have low 
irni,i»n. 

The .nodification of the Scotch yoke shown in 
'g. -• < an he used to generate a tangent function 
"wr a limited range of the argument. A vomewhal 
similar mechanism may be emploved for generating 
tnr* ^e. ant function 


A.m tncnl tripo, t.'-irtrir generators. Sines and 
n,s " ,f,s ma ' ,lr Related electromechanical!) with 
a Mtif-rosirM. potentiometer nr an induction re 
T w ' r \ vhap» d-card potentiometer is shown 
pictorialU and schematically in Fig. 26. The re- 
s,K,anr# ‘ ]> a ••"inplrte 360 3 element with four taps 
s P a, r, i al * balanced Mipplv voltage is applied 
to one pair of diametrically opposite lap*. and the 
other pair of taps i* grounded. Each cpiadrant of 
the reliance element i* tapered to give a sinus- 
oidal output when a specified load i* connected 
between the slider and ground. Voltages propor- 
tional to the sine and co- of the shaft angle are 
dew.iped between ground and each of a pair of 
Aiders mounted apart. Precision units of this 
tvpe are Imill with diameters of 10 20 inches. | n 
thc^r units, the maximum voltage error ran he held 
below O.I.V ; of the maximum output, and a me- 
chanical resolution of approximately 0.02° can he 
attained. 

Special circuits employing linear potentiometers 
ma\ he used to generate tangent and secant func- 
tions. For generation of the tangent function (Fig. 
27 1. a linear potentiometer with a total resistance 
2 H is supplied with voltages -hr, 2 and —v, 2 
through the resistors /? 2 . and the potentiometer is 
loaded between the slider and ground with a re- 
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V„ 


Fig. 28. Circuit for approximating the secant function. 



Fig. 29. Schematic diagram of a resolver. 


si'tani e H t . The transfer gain of t hi ^ cireuit mavj»e 
expressed in the form 


L? - K . * 
r» ~ I - 7 0 2 

where the constants K and y depend on the rirmir 
parameters. With proper rhoiee of these constant*, 
this circuit approximates a tangent fn net ion to 
within 1 r r over the range of </> from 0 to 60 . 

The transfer gain of the circuit lor approximat- 
ing the secant function t Fig. 2Hr mav he written 


2 R x <i>o 2 

~ It 


see (ft 


where the parameters are adjusted to make 


*•■(' k. + ') ai 

With this scheme, the approximation l«> the secant 
is in error hy approximately 0* ''24. 

A second type of sine-cosine generator is the 
induction resolver, which may he considered a 
particular type of synchro generator (.see Syn- 
chro). It consists of a cylindrical rotor, carrying 
two distributed windings with their axes in space 
quadrature, and a cylindrical stator, also with two 
distributed windings with axes in space quadrature. 


Kacli of the primary windings, which are nohmi|| v 
oil the stator, develop* in the annular air gap H fl 
that ideally goo* through one cycle of sinusoid il 
\uriution in the circumference of the air gap [„ 
turn, the voltage induced in each output windin', 
varies with the sine (or cosine) of the rotoi 
Connections to the rotor are made through 
rings. Precision resolvers for operation in tin* i,,. 
queue) range of 60 1000 cps are availuhlc |r,,„, 
number of instrument manufacturers. 

Figure 20 is a basic schematic representation «.| 
an induction resolver. Voltages r M and r - , ol i|,,. 
-ante pha*e are applied to the two stator winding 
and the voltages r,., and //rj aic induced in ||„. 
rotor windings. These voltages arc related 1>\ rh« 

equations 

riri »■* f’si sin 0 cos h 

and \'ui - Ki cos 0 -f- r v . sin 0 

where 0 is the angle defining the position of tf„ 
rotor with rr*pn I to the stator. 

Arbitrary function generators. There an i llfl 
on** mechanical and eleetricul devil r* < apaldr 
generating more than one function. Me« hann al dr 
vhe* in tin* « alogorv are i aiiis. nnnriirulai u, . 
and linkage mechanism*. The piimip.il r|nin, 
methods n*e diode*. tmnliiieai oi tapped pnirntirn, 
etefs. and ele« tri( al rilivi* follnwel* 

Mechanical him limi gemuatof* aie ditin nil i,. 
design and expensive t« » huild. hut thev .or m..; 
a* curate and mine reliable than eleetiieal unit- 
and thev < an lie u*i d in env ironimuit* iiiwiited 1 1 . 
♦dei tri< al e«|iiipmeni . 







('ants anti notn irnilur gears. A ram i* basjrallv 
i replica of *b # ‘ fun* tinn In In 1 generated 

unit'* an* designed in a valid v of form*, tin* 
i'l.m*' < am w if h a spring-l«»adrd bdlowrr i Fig. .'lOr# » 
j„ |, ip om> of the ~impl«M and easiest In make. \ 
„ m r r positive* action than afforded bv the sprint!- 
follow ei ma\ h** achieved bv milling a 
L rm»\f of 1 h* * desired -liape in a metal <lKk a- in 
1 'M)b. \ pin or roller in**«Mtrd in I In* *»loi skives 
is l( fol low of and generates a linear output motion. 

( t ,. M w are al-o made in the form nf cylinders with a 
JIIO> f‘ milled in tin* -in fsi« «■ and a roller arranged 
I., dale along a -lot a> the < \ linder K rotated. 

figure \] show* a radial function gear and a 
-piul-fat e function gear. The n-e ot function gear** 
•u* keen limited because of the difhcultv of design 
.mil fabrication. However. with proper design and 
numsfai lure, high precision rail he achieved. and 
-nil gears have found important uses in '■pn ial- 
l , i;rpii'.r computers. such a* in a mechanical 
•piarlt-r square multiplier. 

Linkage mechanisms. l inkage mechanisms ron- 
ust of rigid elements moving in a plane and pivoted 
each other, to a fixed ha*e. or to slides. I inkage 
oijriputiTN can he designed to perfoim a nuinher of 
'■nnr’tions including addition, multi plirat ion. and 
sparing. Tnfortunatelv. few standard bar-linkage 


him t ii»n generator* exist and one inn«l usually 
( ^ugn a linkage Miitahle for a particular purpose. 
\ltlnnv.h linkage devices are reliable, cheap to 
"■Mulct, and frequently splatter than other type* 
'urnputers for the same purposes. they have not 
^“*<*11 listed widely because they are relatively* diffi* 
r, »lt to design and the field of mechanizable fimc- 
turn* is somewhat restricted. 
tiiorlr function generators. Although the non- 
,ru>ar eharacteriatioa of thyrite. thermistors, and 
' a(,,, um tubes have been utilized in function genera* 
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tors, the accuracy attainable with these units is 
relatively low. Diode-resistance networks, fre- 
quently associated with operational amplifiers, 
represent a much more important means for gen- 
erating functions. These devices utilize the char- 
acteristic that an ideal diode offers no resistance 
to current in one direction hut offers infinite re- 
sistanre to current in the opposite direction. 
Figure :\2 'hows three typical nonlinear character- 
istics and the diode networks for generating them. 

The basic form for a generalized diode function 
generator is shown in Fig. Mia. For the generation 
of functions of a single \ariahle. the \oltage v £ 
is fixed with the polarity and amplitude required to 
give the desired output when the independent vari- 
able i , is /ero. With voltage r- a negative constant, 
the circuit is suitable for generation of function** of 
tin* type* illustrated in Fig. MM). When n = 0. no 

diode conducts, and the function intercepts the 
ft ? i > axis at / 1 0 ) - H , • I v-j and has a slope 

of ///,, =- ~-l{, \s the input ij is increased in 

the positive direction, one diode after another be- 
gins to conduct iu accordance with the settings s, 
of the potentiometers / > 1 thiough P, . These break 
points occur at r?<< ~ -s, <1 - s. )ij. As each 

diode conducts, it connects a new input to the 
*imuning circuit and contribute* a slope increment. 

< f\ * l\ i(l vi. The figures shown apply specific 
callv to a function having a positive value fur /(()» 
and a negative slope that inc reases eonstantlv as r, 
iiu leases. However, bv proper selection of the 
pobii it ic s of the voltages r, and and the diode 
c oniin lions, this scheme can he extended for the 
generation of functions King in any of the four 
quadrants. Bv suitable combination of several of 
these basic « ireuits. it K possible to represent a 
fumtion whose slope changes sign. 

Because a g» variety of functions can be set 
up in a straight I owaid mannei on this type of 
generator, it is being used widely. The accuracy 
achieved depends on the particular function being 
generated, on the number of line segments used to 
repiesi nt the function, and on the over-all stabilitv 
of the circuit. Commercially available generators 
include 8 H diodes and permit the representation 
of a wide vaiietv of functions with an error not 
exceeding approximately 1 per cent. None the less, 
function generation is not performed in an entirely 
satisfactory manner with presently available analog 
equipment. 

V ncc/W potentiometers. Several method* of 
generating nonlinear function* with potentiometer* 
are available. In one tvpe of nonlinear potentiom- 
eter. such as the sine-cosine potentiometer of Fig. 
26. resistance wire is wound on a tapered card. 
The shape of the card determines the functional 
relationship between mechanical motion and re- 
«i«tanre change. This method has several disad- 
vantages. Accurate machining of the shaped eard 
j. difficult and the ratio of maximum to minimum 
card width should he less than 10 to 1 to avoid a 
fragile card. High eard slopes also must he avoided 
because it is impossible to make the wire stay in 
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~E 

(c) 

Fig. 32. Diode networks 
lineor functions, (o) Limiter 


for generating simple non- 
. (b) Dead space, <c) Coulomb 


friction. 


place* in such regions of a card. A combination of 
several wire sizes and a tapered card may he used 
to accommodate a greater range of slopes. Another 
method for producing a nonlinear element is to 
wind the resistance element with a variable wire 
spacing. However, the resolution becomes poorer 
as the wire spacing is increased. Potentiometers 
that will generate nonlinear functions to accuracies 
of the order of one or two per rent are used fre- 
quently in spite of these limitations. 

An entirely different means for generating non- 
linear functions is to provide a number of taps 
along a linear resistance element. External re- 
sistors are used to make the parallel combination 
match the desired resistance-versus-shaft-angle 
curve at the tap points and the resistance element 
in the potentiometer provides a means of inter- 
polating between points. The various function- 
generation schemes based upon this type of unit 
differ principally in the manner in which the volt- 





ages at the taps are established. I' or monoti'iii 
functions, simple resistive loading of the 
shown in Kig. 34« suffices. However, if the 
tive of the desired function is not of the filin' ^ 
over the entire function, it become* nece-san t 
inject currents at intermediate taps. Ibis ran ’’ 
done with the type of generalization «»f the "hup 
loading scheme shewn in Fig. 34b. Aliernatiy ' 
the voltage at each tap call he established cii h 
from a low'- imped a nee source nr by an 
adjustment procedure if the’, source irnpedam e < a 1 
not be neglected. , , 

With schemes of this type. the aceiiracv 
approximation to the desired function imp r<, y 
the number of taps on the potentiometer ■ 
creased, but the amount of setup effort 
also increases. For many applications, a pottn 
eter with 8 10 taps provided an adequate 
mation. but potentiometers with 25 .10 tap^ ^ 

available if a more accurate representation 
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f,c] 33. Diode function generator. <a) Circuit diagram. f b) Typical approximation obtained. 

iHM.t Our ma i»»r limitation on this *wom i- that is amplified ami used to rontrol the > position <»f 
.» |n»irnt lometer miN be driven mei lianicdll* . the spot in such a wa\ that as the -pot is moved in 

>,(1 therefore. the speed of response i- severe]* tin* r direetion it is made to ride along the edge 

■iiiP'd of the curve with approximately one-half its area 

I'lwivtnrmrr. \n all-elei Ironic tvpe of turn lion hidden In t he mask. The > deflection voltage re- 

■i..T.itoi rune follower, general!* referred to a> ipiircd to maintain tlii^ condition thus i* piopor- 

< idiotofonnei . employ ,» cuthode-iu\ tube, an tional to the ordinate of the rune and can he taken 

I ,ii|tir rn.i^k. and a photocell. The mask, with its as the output of the function generator. 

•Ijir <ut iii the shape of the desired function, is Although photoformers have been used exten- 

iMiintcd dose to the face of a cathode- rav tube. si\el\. the* haw several disadvantages. Precise 

i. i a plioloi e| | is mounted in the front of the lube initial calibration »*t the unit is relati*ely diflii tilt, 

m in sin h a wav as to pick up light from the and the operation i- high!* subject to drift. Conse* 

l .oi i si cut spot t Kig. .’15). The output ol the cell ipicntl*. it is difficult to hold the errors in such a 


loading resistor 



function generation with a tapped potenti* 
'°> Simple retiitive loading. <b) Current Injec- 
l0 " 01 »opi. 
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> output dc amplifier 

Fig. 35. Basic form of photoformer function generator. 


function generator below .V,' for periods of more 
than a few hour". With the development of other 
t\ pes of function generators, photoformers are 
being used less. 

EJrctromrchanical rune rradrrs. In one of the 
most successful of the automatic curve readers, tin* 
curve i" drawn with conducting paint on a flat piece 
of rectangular-coordinate graph paper. Rv mean." 
of a pair of servo drives, a reading head i* posi- 
tioned along one axis in accordance with the in- 
dependent variable and along a perpendicular 
axis in accordance with the function. Positioning 
ir the direction of the independent variable is 
controlled with a linear potentiometer. \ radio- 
frequency current is passed through the conducting 
paint, and the field produced hv this current in- 
duces voltages in an electromagnetic pickup 
mounted on the carriage. The pickup and its as- 
sociated detector give a zero output signal when the 
head is exactly centered over the curve, and the 
signal increases, with a sign dependent on the di- 
rection of motion, as the head moves off the curve. 
The head is positioned over the curve hv a servo 
that uses the output of the reading head as its er- 
ror signal. A linear potentiometer mounted paral- 
lel to the axis of the film tion delivers an electrical 
output proportional to the position of the head 
and. thus, to the desired function. 

Functions of two arbitrary variables. Many 

physical phenomena exist in which the output 
response is a function of tw r o or more indepc ndent 
variables. When relatively simple Invariable func- 
tions are to he represented, a suitable approxima- 
tion often may be obtained hv performing simple 
operation* on the input or output of a single-vari- 
able function generator. For more complex func- 
tions. this method of approximation is inadequate, 
and a unit specifically designed for generating 
functions of two independent variables becomes 
necessary. Three-dimensional cams and diode-re- 
sistance matrix methods with suitable interpola- 
tion schemes are two of the more widely used 
techniques for generating generul functions of two 
independent variables. 


Generation of functions of time. The problem 

of generating functions dependent on time alc»n«. 
arises out of requirements for supplying 
functions to a computer and for introducing p Mrr , 
time delays as lequired in the study of some p|, Ns ;. 
cal systems. F.quipmeut for generating low fi,. 
queue v sine waves, step*. and impulses is relaliw-h 
standard and requires no special comment beic o tl 
the other hand, equipment for generating ilni | 
monitoring random signals for use in compute) 
studies deserves sortie discussion, as does the pi,,},, 
lent of simulating time delavs. 

Random signal gennators. In coinputei studies 
a frequent requirement for a random signal i> t hat 
it have a Gaussian amplitude probability distnlm 
tion ami that its power spectrum extend Irmii e- 
seittiallv /eto frequency to a maximum ficqurm^ 
of .JO or 14) cps. The scheme genet allv used fnr tin- 
generation of *ucli signal" employs a gas tube a* 
the noise source. The output of tin* gas tube 
amplified in an ac-couplcd amplifier with a n-! t i 
tivelv wide pas- band. The signal then is p,is*»<| 
through the filter, amplified further, deinndul.iinl 
in a demodulator operating at the rental tirqiierny 
of the fillet , and passed through a low-pa** tiltf-r 
to eliminate the upper -ideband of the demoriulaini 
output. If an <»ut put signal with a Hat p..m f 
spectrum in the range of 0 1 CM l * p- ot le-* i-. »!<■ 
sired, the band-pass filter « an he eenteied at b H • 
cps. and either a ine« Irani* a! i hopper or a \a» imp' 
tube demodulator keyed at 100 ep* . an be ii-ed (<>r 
demodulation. I bifortiinateiv . the .untditude <>j 1 1;< 
ga--luhe output change-. ertatieally fiom time t.i 
time bv amounts of 10',' ot m«»re 'I’lti- t li.it .i* l«-r 
i*th makes the simple bum ot geneiatot de-i nbei! 
unsuit, rble a* a random-signal souree it aci in.ii> 
data on *\stem performance ate t « * be < «»ll« ■■le«l 
The difficulty can be eliminated bv an anlnin.iti* 
gain-control circuit. Final shaping of the pnuri 
spectrum of the random signal iri|ei teil into a mu: 
pilfer setup, mav be accomplished with fillet - cm 
ploving -fandard computer elements. 

Purr-tirn^’drlay grrnaalnr v. Some plivsie.il -v-- 
terns contain an element or process that delay- .* 
system variable bv a constant lime interval, reg.iul 
less of the operating c onditions. The study of "in I' 
systems on an analog computer icquites a devnc 
that product's a constant delav of eontmllaM* 
magnitude and alter* its input signal in no wav 
other than introducing the delav . Kxpre—ed matin 
matically. the transfer function for *uch a device h 
II < v t --- e ■’ where t is the t&m* delay. Ibis Iran- 
fer function cannot be ex preyed exactly as a > ut i* 1 
of polynomials, with the rrspll that a nefw«nk ,(l 
generate fbi* function c annoldie synthesized by 1 u 
usual analog-computer metfcods. Instead, 
realizable approximation to the desired bincii°ns 
must be selected. The type of approximation " 
quirea is one that gives an essentially linear < l,rN< 
of phu«t shift versus frequency* over the liecpient' 
range of interest und that causes no changf ,T J 
magnitude ut any frequency within the ban ” 
interest. Several means exist for selecting a l ,a!1 





f r r function that approximates a pure delay. One 
nihility is to select an approximation to the 
tuition e' that is in the form of a ratio of poly- 
I 1 ( ,miaN. The Pa tie approximation* are useful for 
lliis purpose. A second possibility is to select a 
l )lMII of transfer lunetion in which the poles. H ncl 
/f . n ^ are negatives of one another, as requited for 
jn^ll-pass network, and then select the parameters 
,, this transfer f motion to give some tv pc of he-t 
j,i to the desired phase-shift curve. Two of the 
.1,1, pier rational transfer functions that appioxi- 
llU tc tin* exponential are 

( S ft \ U \ " ^ aS ^ ^ ^ 

V.s a) Ul A a 4 1 las h (tr 4 lr) 

Jvr vb a « 0 .f> 77 . 

COORDINATE SYSTEM CONVERTERS 

\ coordinate converter transform* a *et of quan- 
in a eartr*ian or rectangular coordinate 
^sti-m into art equivalent set of quantities in a 
r ( not dilute *x»tcin. or vice \ei^a. Nector 
M-olution i* esMMitialK the *arne opnation. The 
.. described max he extended from two to 
dimension* bv the use of adtlitinn.il c mn- 
similar to tho*e de*ciihed. 

Mechanical converters r.ooidinate M>n\er*ion 
(l;1 \ |»c peilormcd met hanit all v u-ing the Scott h 
■ .,k r met h. 1111*111 Figure M) indicate- an airange- 
■■ ■* t , t which would inmerl wind wlocitx anil head- 
n: mlo N S ami I! \\' « ornponenl* of wind veloc il\ 
p.-ffeum am equivalent polui to rectangular 
..minute tc»m»'r-*ic»n the magnitude and 

■i-.. it. m oi the v\ i 1 1 « I ate vaiiabh* and miM enter 
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* y reference voltage 

L_L _J_ 

resolver I I I potentiometer 

1/1 


x cos 0 y sin Q $ 

Fig. 37. Simplified diagram of rectangular to polar 
converter. 


1*1 

y cos 0 — x sin 0 


the i omputatiori. Flic c rank of the Scotch yoke i- 
positioned in accordance with direction, and the 
angular motions dcTived h\ the gear pickofT* repre- 
"c*iit the wfne and cosine of the crank angle or. in 
thi* ease, tin* VS and K-W components of a unit 
\e|ocit\ wind. Multiplication of actual wind velor- 
itv hv these components yields the desired com- 
ponent*. I t il i/at ion of thi* s< heme for conversion 
hom iectangul.tr to polar eoordinates u*uall\ is not 
praetit a I unless -crxo* are addc*d. 

Electromechanical converters. The induction 

iesn|\er. disrobed pre\ious|\ under function gen- 
erator-. is dc-igned -pecificallv for coordinate 
conversion. If conversion i- to he made from polar 
t" re» tiingular c oordinates, the rotor of the resolver 
is pns,tiont*d In the required angle and the magni- 
tude* j- introdmed as a voltage applied to one of 
the* -tator windings. The voltages induced in the 
two rotor windings are then the rectangular com- 
ponents of the input signal. Sinc e one input of the 
le-olvei is mechanical and the other electrical, and 
tin* components of the input sector mav he avail- 
aide on i v as electrical or as mec hanical quantities, 
a pri-limin.irx n •.n*'*inn frequentlx must he made. 

Determination the polar coordinate* of a 
vector fiom its rectangular component* can be 
performed using an induction resolver driven hv a 
position *er\o i Fig. .47 ». If the two input voltages 
to the lesnlvci are \ and v and the ie*o|\ci shaft 
angle is cV. (|j»* outputs « »f the resolver can he e\- 
pressed as 


and 


vti i “ \ cos () — x sin 0 
= i c*os H -4 v sin 0 


As shown in Kig. 3 H. the nagnitude of the vectoi in 
p,i . > form is given hv i cos 0 4 \ sin 0 and is 
thus r /:j . The resolver output in\ is used as the 
error signal for a servo which positions the re- 
solver. When ttn »s zero, the resolver is positioned 
to the proper angle 0 so as to sati*f\ the geometric' 
requirements of the coordinate conversion. An 
elec trical signal corresponding to the shaft angle 
mav he obtained from a potentiometer. 

\n equivalent coordinate conversion system max 
be built b\ using sine-cosine potentiometers. Two 
potent ioineleis inu*t be used and tlieii output 
summed to obtain voltages equivalent to those 
derived from a single resolver. In some applies- 
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Fig. 38. Geometry of coordinate-conversion system. 

tions the sine-cosine potentiometers may he re- 
placed with linear potentiometers driven from a 
Scotch yoke mechanism. 

SOLUTION OF EQUATIONS 

Analog computers are of special importance in 
solving ordinary differential equations, Cenriul- 
purpose computers of this type are called differen- 
tial analyzers. F'or the solution of ordinary differen- 
tial equations hy analog means, srr Differential 
ANALYZER. 

The solution of other types of equations bv 
analog methods is covered in succeeding para- 
graphs. These include the solution of simultaneous 
linear algebraic equations, nonlinear algebraic 
equations, and partial differential equations. 

Simultaneous linear equations. The problem of 
finding the unknown t's that satisfy a set of simul- 
taneous equations of the form 

tfn*l 4 e 13*2+ 4- 0 1 nX n 4 b\ 35 0 

fl-Jl-ti 4" ft 12*3 4 4 <1%1\X a 4 h>i = 0 

a n \X\ 4 - «« 2*2 4 4 flnnXn 4 b n = 0 

where the ft*s and // s are known constants, and the 
equivalent prolilem of inverting matrices, arise fre- 
quently in engineering and science. In 1878 lord 
Kelvin proposed a machine for solving such equa- 
tions. but apparently he never built it. J. B. Wilbur, 
at the Massachusetts Institute of Technologv. built 
several improved versions of Kelvin's machine in 
the 1930s. With the increase in interest in electri- 
cal analog computers in the 1940s, attention 
turned to electrical analog methods. More recently, 
with the widespread use of digital machines and 
the demand for techniques capable of handling 
several hundred equations, most problems of this 
class now are solved digitally. However, in certain 
applications involving a maximum of 12 to IS 
simultaneous equations, some convenience may be 
gained by use of analog techniques. 

Two basically different methods exist for the 
analog solution of a set of linear simultaneous 
algebraic equations. These are fl) iterative, or 
successive-approximation, methods, and ( 2 ) closed- 
loop or direct-solution methods. 

In schemes employing the iterative method, the 
a and h coefficients are represented on groups of 


potentiometers. With the potentiometers represent, 
ing the coefficients a n through a i„ and h\ h«. ( | 
into the circuit, the potentiometer representing 
is adjusted to give a null on an indicator. Th,* 
second hank of potentiometers is then swit*}, n j 
into the circuit and the potentiometer representing 
.t*j is adjusted to satisfy the second equation. Thu 
process is continued until each equation iu tutu 
has been switched into the circuit and the mru* 
sponding x potentiometer has been adjusted |<„- 
null. The process is then repeated until a set ol t‘ s 
is obtained which vields a balance for each «-i| n:i 
tinn of the set. The values of the r's are then ir.„| 
directly from the potentiometers. 

Direct solution of a set of simultaneous iilgrhiui< 
equation* bv analog methods ran be aerornplidird 
by employing feedback across high-gain rum. 
puling amplifiers. The airungement shown in 
39 is for solving onlv two equations hut mav I,*- 
extended directly for solving s\ stems of mmi- 
equations. The desired a ' s and h\ are set into th, 
appropriate potentiometer*, and the h |»otenti<*m 
etej s are excited from a fixed voltage E. The out put 
voltages cj and e 2 of the amplifiers repie-eiit tin- 
values of the unknown* ri and tj. Reran** 1 the p.nn 
characteristic of tin* amplifirrs i* a function ol <i« 
quenrv. the use c»f feedback around the amplifier 
mav lead to instabilitv in circuits of the tv pc shown 
above. However, straightforwutd means c\m t«>! 
circumventing this difficulty. 

Nonlinear algebraic equations. \ n.mlim\u 
algebraic equation that orrm* fvequentlv in m i"i! 
tific work is of the form 


a„z" 4- o u tz" 1 f* • • • ■ f tr* g-' + //,z 4 - li. 


Ceiieral solution* to higher than fmiith degnr 
polynomial equation* cannot he obtained and con- 
siderable effort has been devoted to developing 
machine method* for solving these equation*-. M» 

< hanical. hvdraulic. and electro al analog scheme- 
fiave been used to a limited extent. However, with 
the development of digital technique* the wmloi 
desiring to solve anv number of polynomial eq'ui- 
tion* usually uses a digital computer. 

Basically, the solution of a polynomial equation 
requires generation of the required power* of tin 
variable z. multiplication of these quantities I*' 
coefficients, and summation of the resultant tetne 


with the constant riv. The variable z is swept 
through a range of values, and a root occur* when 
ever the sum is zero. If the coeffic ients and the 
roots are all real, potentiometers and simple sum- 
ming circuits are sufficient to '.perform the requited 
operations. Complex roots mify be handled bv con- 
verting the original equation in z into a pair of 
simultaneous equations hy substitution of z r 
.r 4 iy nr by conversion of thf equation into tug* 1- 
nomefrie form hy substitution of z = rtcos 0 -f > 

Numerous variations of these techniques wn 
as a numtar of other scheme* have been propose 
hut they have received little attention in the 
ten years. 
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fiO 




Fig 39. Circuit for closed-loop solution of a pair of simultaneous equations. 


Partial differential equations. The -oluti«»» of 
imiIkiI differential equation*- hv analog mean** i** 
li.i-ed upon tin* **ame concept as tin* **oh»tioii of 
mdnurv differential equation**. namelv. that tin* 
1'i‘liavior of a varietv of physical -wtem** can be 
»\prc****ed |» v mathematical equation*- ol the -a me 
(mm. Partial differential equation** are gcnciallv 
moif* complex and difficult to so|\e analvticallv 
than ordinary differential equation**, and a great 
deal of attention has been given to the development 
nf analog methods of solution. However, general- 
ized partial differential equation computer** do not 
e\ist. Equipment must he tailored to a specific 
problem or narrow class of problem**, and the 
tendency has been for each group to construct its 
"*n analogs. 

Partial differential equations which are eiinum- 
fried frequently in scientific work and which have 
l»*en investigated by analog techniques include: 


1 ■ haplaces’s equation: 

rv - o 


u lu* 


V + ’ dx ' 1 ¥ dr 1 + dz 1 


diffusion equation: 


V*4>-k 


<l<f> 

dt 


3. Wave equation: 


VV> - k 


ilt : 


\. Poisson*: equation: 

/Uw.c) 

f>. Wave equation with damping: 

. rl' 2 <fr 

v " A| lit 1 4 ‘ ki + ki<t> 

(). Equation** from theory of elasticity : 

VV - 0 

d'4> 
dt* 

&<)> 


and 
w here 


V 4 <*> = k 
V 4 <f> - l, 


v^ L d ± 

W + J ilt 


r * “ dx* + " dx^dv* + dy* 


Conductive solid* 5 . condm*tive liquids, resistance 
networks, resistance-reactance networks, electronic 
analog computers of the type used to solve ordinary 
differential equations, and nonelectric schemes, 
such as hydrodynamic analogs, elastic-sheet ana- 
logs. and soap films, have been used for the analog 
solution of partial differential equations, fw.w.s.] 
Bibliography : M. Fry. Designing computing 
mechanisms. Machine Design , 1 H 91 :1 13-120. 
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1945; J. A. H rones and G. L. Nelson, Analysis of 
the Four-bar Linkage: Its Application to the Syn- 
thesis of Mechanisms, 1951: W. J. Karpins. Analog 
Simulation , 1958; G. A. Korn and T. M. Korn, 
Electronic Analog Computers , 2d ed.. 1956; W. W. 
Soroka. Analog Methods in Computation and Simu- 
lation , 1954; A. Svoboda. Computing Mechanisms 
and Unkages (H. M. James, ed.), vol. 27, 1948; 
J. G. Truxal. Automatic Feedback Control System 
Synthesis, 1955. 

Analog-to-digital converter 

A de\ice for concerting information in the form of 
continuously carving signals into discrete signals, 
frequently in a binary representation. For a discus* 
sion of digital representation see Dtut'Ai. c:oMrt T- 
ERS. 

In the most common applications the enncerler 
is used to transform information into a form Miila- 
hie for processing on a digital computet. This im- 
plies that analog information must he concerted 
into discrete collage signals having an assigned 
logical 0 or 1 level (for example, ground or -» 50 
volts). The raw information frequentlv is taken 
from measurements of temperatures, forces. >haft 
rotations, or other continuous quantities, and is 
first represented by an analog electrical signal 
which is then concerted to digital. Conversion to 
digital representation may aKo be direct, without 
prior voltage representation, as in conversion of 
shaft rotation. 

In the first method the converter may consist of 
a digital counter, a digital-to-analog converter on 
the output of the counter, an analog input voltage 
to he converted, and a comparator. The concerted 
digital voltage (output of digital-to-analog con- 
verter) is compared with the input signal < the ana- - 
log signal to he converted). If the input signal is 
smaller in amplitude than the converter signal the 
comparator puts out a 0; in the opposite c ase it 
puts out a 1. These outputs are fed into the counter, 
which counts up as long the input signal is the 


15 0 



Code wheal. 


larger of the two, and down when the input sjg„ a | 
is the smuller. The conversion is completed w h,. n 
the counter lius counted up or down to a numlui 
equivalent to the input voltage to he converted. Sr, 
Counter, imcitai. ; Dim r\i.-ro an At o«; m>n\ihif,< 

In the direct method u rotating shaft (for exam 
pie. carrying a pointer of a weighing sea let < a r i i«>^ 
a code wheel, such as in the figure, on which con- 
centric hands are printed. To represent digitallv 
measurements of 1 nth of a revolution, the nuinbet 
of hands must he the least integer equal to or 
greater than logj n. The hands may he altcnu- 
tivelv transparent and opaque for photnc|r< n j, 
sensing, or conductive and nonmnductive for pro 
dticing electrical signals he mechanical contact tA* 
in a weighing srale). The figure shows a wheel with 
16 sectors, which requires 4 hands. The datkcimj 
areas teprcsent a logical 1 and tin* light a U. I’lw 
mechanical contact in the example i*. <1 i nil ,i 1 1 \ 
representing 0101 (decimal 6). Successive hiu.tiv 
numbers differ in their representation in onlv mir 
hit position. Thus 0100 (7> and 0101 K)) difftr 
onlv in the lowest order position. Such code- .m 
called Grav codes; thee ate chosen to lessen tin 
possjhilitc of amhiguoijs sensing of the digihili/nl 
information. ! a i n 

Bibliography : M. Wiistei. Logical Design •/' 
Digital Computers , 1958. K K. Ki< liaid*. Digital 
Computer Components and Cm aits. 19.>, 

Analysis of variance 

Total variation in rxpei iinental data i** p.iititmneil 
into components assignable to sp»», ifu *-oim e~ !■> 
the analcsis «>f variance This sfatistiial in luinp:< 
is applicable to data for which < 1 * effect-. <•! 
sources are additive. <2i nncontudled «u mu ' 
plained experimental variation- (wlii«h *«" 
grouped as experimental errors) aie independent 
of other sources of variation, id) variant e ol e\ 
perimental errors is homogenecuis. and ( V 1 evpen 
mental errors follow a normal distribution WImh 
data depart from these assumptions, one mu-l ev- 
en ise extreme care in interpreting the results « » I an 
analvsis of variance. Statistical tests indicate tli* 
contribution of the components to the observed ' J, t 
iation. For methods of loriducting experiment'* 
that Mich an analysis is applicable. see F.ximu 

m t x r. 

In an illustrative experiment, t methods of treat- 
ment are under study, and n samples are mea- 
sured for each treatment for a total of nt sample** 
Measurement X. } of the / 1 li sample that receive 
the /th ti raiment records an Over-all effect "• 
effect ftj produced hv the /th treatment and an 
effect i,i produced hv experimental error. D'* 
three effects are additive, so that 

X„ » p f Pi + <«j 

where i * J n; and / *= 1 

statistical problem is to test for the exMencf “ 
these effe< fs. 

The analysis of variance in this example h* l ,r * 
sented in the accompanying table. Entries in f ,f 


gourc* of 
vurintion 

Sum of square* 

Degrees 
of freedom 

Mean square 

|tatwe«o 

treatment* 

T - nZi(X, 

-*>■ 

i - 1 

T - T/it - 1) 

Within treat- 
ment* 

K - 2i.i(Xi t 

- *,)» 

tin - 1) 

1 

at 

i 

Total 

Q - 

- *)« 

ni - 1 



Mirn of squares column represent that part of the 
total variation that is attributable to each source. 
Total sum of squares Q is the sum over all squared 
deviations of observations X tJ from the grand mean 
X where 

X - (Z„X tJ )/nt 

Similarly, within treatments, sum of squares E is 
the sum over all squared deviations of observations 
V within a treatment from the mean X } of that 
treatment where 

Xt - (ZiX tJ )/n 

\|so. between treatments, sum of squares T is n 
tune* the sum over all treatments of the squared 
deviations of treatment means Xj from grand mean 
A a* defined by the two foregoing equations. The 
mini «>f squares is generally computed more easily 
from the following equivalent formulas 

„ v v , VM* 

" ** nt 

E-Q-T 

The entries under Degrees of freedom represent 
the number of independent comparisons upon 
which the sum of squares for the source of varia- 
tion i* based. In every case the linear restriction 
imposed hv the relationship of the particular mean 
to the observations results in the loss of one degree 
of freedom. Therefore the number of degrees of 
freedom is always one less than the number of 
deviations used to compute the sum of squares. 

The mean squares in the analysis of variance 
are obtained by dividing the sum of squares by the 
corresponding degrees of freedom. The within 
treatments mean square is an estimate of «r 2 . the 
variance of the error term c,, in the additive model. 
It represents the random or unexplained variation 
in the data. The between treatments mean square 
i* an estimate of a 2 -f ncr/\ where o> 2 is the vari- 
ance of the treatment effects /?*. 

if the treatment means differ substantially, the 
Pi effects estimated by (Xj — X) will differ corre- 
spondingly and will have a large variance a, 2 . If 
°n the other hand the means do not differ, the 
treatment effects /?/ would be zero and <r fi 2 would 
be zero. In this case the treatment mean square 
w °uld be equal to the error mean square and both 
yould he independent estimates of <r 2 . By compar- 
es the ratio T'/E' of between treatment mean 
fi( luare T' to within treatment mean square E ' with 
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unity, the variation due to treatments is compared 
with the variation due to random or unexplained 
factors. If this ratio, called the F ratio, is close to 
unity, there is no evidence of a treatment effect. 
However, if ratio T'/E' is substantially greater 
than unity there may be a significant treatment 
effect. 

To compare the mean squares objectively, 
one uses the F test of significance in which the 
.statistical hypothesis is that a/f - 0. Under this 
hypothesis it can be concluded that the treatment 
effects are significantly different from zero at the 
significance level or if the calculated F ratio is 
greater than the value of F at the a point on the F‘ 
distribution with £ — 1 and t{n— 1) degrees of 
freedom. See Biometrics; Quality control; Sta- 
tistics. [r.l.b.] 

Bibliography: W. J. Dixon, and F. J. Massey, /«• 
traduction to Statistical Analysis , 2d ed., 1957; 
W. J. Youden, Statistical Methods for Chemists , 
1951. 

Analytic geometry 

A branch of mathematics in which algebra is ap- 
plied to the study of geometry. Because algebraic 
methods were first systematically applied to geom- 
etry in 1637 by the French philosopher-mathema- 
tician Kene Descartes, the subject is also called 
cartesian geometry. The basis f*»r an algebraic 
treatment of geometry is provided by the existence 
of a one-to-one correspondence between the ele- 
ments. “points” of a directed line /?, and the ele- 
ments, “numbers.” that form the set of all real 
numbers. Such a correspondence establishes a co- 
ordinate system on g, and the number correspond- 
ing to a point of g is called its coordinate. The 
point O of g with coordinate zero is the origin of 
the coordinate svstem. A coordinate system on g is 
cartesian provided that for each point P of g f it« 
coordinate is the directed distance OP. Then all 
points of g on one side of O have positive coordi- 
nates (forming the positive half of g) and all 
points on the other side have negative coordinates. 
The point with coordinate 1 is called the unit 
point. Since the relation OP + PQ = OQ is clearly 
valid for each two points P, Q of directed line g , 
then PQ = OQ — 01 9 = q — />, where p and q 
are the coordinates of P and Q, respectively. Those 
points of g between P and Q. together with P, Q 
form a line segment. In analytic geometry it is 
convenient to direct segments, writing PQ or QP 
according as the segment is directed from P to Q 
or from Q to P, respectively. To find the coordinate 
of the point P that divides t he segment PiP 2 in a 
given ratio r put PjP'P-P = r. Then (r — t\) 
(x — x 2 ) « r where xi, x 2 , x are the coordinates of 
Pi, P 2 , P , respectively, and solving for x gives x « 
(jti — rx 2 ) / (I — r). Clearly r is negative for each 
point between Pi, P 2 and is positive for each point 
of g external to the segment. The midpoint of the 
segment divides it in the ratio — 1. and hence its 
coordinate x - (*i + x a )/2. See Coordinate sys- 
tems, graphical; Mathematics. 
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The plane. Choose any two intersecting lines 
gi, g2 of the plane, with cartesian coordinate sys- 
tems selected on each so that the intersection point 
has coordinate O in each system. To each point /* 
of the plane an ordered pair of numbers (*,y> is 
attached as coordinates, where x is the coordinate 
of the point of intersection of gi with the line 
through P parallel to g 2 and y is the coordinate of 
the point of intersection of g-> with the line through 
P parallel to gi. [If P lies on g, its coordinates are 
(x,0) where x is the coordinate of P in the coordi- 
nate system on gi. Similarly, each point of g* has 
coordinates (0,y). The origin O has coordinates 
1 0.0)]. The lines gi and g 2 are called the * axis 
and y axis, respectively. It is usually convenient to 
take the same scale on each axis; that is. the. seg- 
ments joining the unit points on the two axes to 
the origin are congruent. The notation P(x\y) de- 
notes a point P with coordinates (*,>). If de- 
notes the angle made by the positive halves of the 
two axes, and d the distance of points P\{X\*y\) % 
P‘2 f * 2 ,y 2 ) application of the law of cosines yields 

d = f (jr t — *2)* 4 ( Yj — y 2 )* 

-f 2Ui — Tj) (y, — y 2 ) cos o p - 

Since cos 90° = 0, this important formula is sim- 
plified bv taking the axes mutually perpendicular. 
Though it is occasionally useful to employ oblique 
axes (that is. «> /- 90 3 ) , the simplifications result- 
ing from a rectangular cartesian coordinate sys- 
tem make it the usual choice. Such a cartesian co- 
ordinate system is assumed in what follows. Thus, 
the distance d of /M-ti.yi), P > ( ) is given by 

d * f (xi — x 2 )~ 4 (yi - y-j)-] 1 ' 2 . 

Let 0 denote the smaller of the two angles that 
a line g makes with the positive half of the x axis, 
measured in the I positive) direction of rotation 
(that is, from the positive half of the x axis to the 
positive half of the y axis). Angle 0 is called the 
slope angle of g, and the number A =* tan 0 % the 
slope of g, plays an important role in plane ana- 
lytic: geometry. Slope is not defined for any line 
perpendicular to the x axis. If P\(x u y\ ). P 2 (jr 2 .y 2 ) 
are two distinct points of line g with slope angle 
0 h* 90°. and Q denotes the intersection of the line 
through P\ perpendicular to the y axis with the 
line through Pz p erpen dicular to the * axis, then 
A « tan 0 ~ QPz P\Q - (yz - y\ ) /(*2 - *1 ) . 

Loci and aquations. The correspondence be- 
tween the geometric entity “point” and the arith- 
metic entity “pair of real numbers,” upon which 
plane analytic geometry is based, results in asso- 
ciating with each geometric locus one or more 
equations that are satisfied by the coordinates of all 
those (and only those) points forming the locus 
(equations of the locus), and in associating with 
each system of equations in the variables x 9 y the 
figure (graph of the equations) whose points are 
determined by the pairs of numbers satisfying the 
equations. Thus the algebraic method of studying 
geometry is balanced by a geometric interpreta- 
tion of algebra. A central problem in analytic ge- 
ometry is that of finding equations of certain im- 


portant figures among curves, and surface. s Vi . 
Curve fitting. 

Equations of lines. A line may be determined l, v 
data of various kinds, each yielding a diftcimt 
form for its equation. Thus an equation for a |j m . 
g through /’tUi.yi) perpendicular to the .t axis j v 
evidently x * *1. If g goes through /Mjti.v,) 
P-2 [ Xz*Yz ) and is not perpendicular to the \ ; , x j s 
let P(x,y) he the coordinates of any other p ( ,j nl 
of g. Then (y - y\ )/(t — *1 ) -A- (v- v ,i 
(Jfa — *i). whereas if (r.y) are the coordinates ,,j 
a point not on g, (y - Yi )/ (x — *1 ) / A. ll«. no . 
an equation for g is 

(> - Vi)/U - x 1) - (v 2 - Vi) (42 - *1) (I; 

from which follow 

v — > 1 « \(x - x\) (■>> 

and [x - n) (42- m) ~ (v - Vj) (\ 2 - \ \) Ci) 

The two-point form is given by (1). the point 
slope form by (2) and the symmetric form b\ ( 1 
The validity of the determinant form as uell as tin- 

j 1 v r 

x 1 m I » 0 

t? \ 2 I 

slope-intercept form, v - A\ f b, and tin* intri 

cept form 4 a 4 - v b 1. a • b ■< 0. aLn tollnw 
readily from (It. Srr l)i \ t hmin y\ 1 . \ line j 1 * 
determined by its distance /> from the oii^k. 
()(p " 0) and the angle ft that the perpendicular 
to g from O makes vtiili the 4 axis. (The pnprn 
dicular is directed from 0 to in case g dor- not 
go through O, and so as to make ft IK0 in tin 
contrary case. I The equation of g in terms <>l p 
and ft ithe so-called normal fount is * ms/} * 
Y sin ft — p * 0. The directed distance from g I" 
any point JNto.yo) is 4r 0 cos ft f y t) sin ft p 1» 
follows that the equations of the bisectois <d the 
angles formed b\ tvm lines 

x co- ft, f v sin ft, (), ~ 0 (1 r 2 1 


x cos /?, -| y sin ft\ — p\ 

* 4 (x cos ft-; 4- y sin ft 2 - 1>: ] 

The general form of an equation of a line e 
Ax -f By 4- C =■ 0. where A , R ere not both /cr<* 
The normal form is obtained from the gennul 
form upon dividing the left-hand member 1)' 
db\ZA ' 4 choosing the sign of the radical op- 
posite to that of C in case C 0, the same as that 
of R in case C * 0 and R ‘A 0. and the same a w 
that of A in case R * 0 and (l ** 0. If R * 
general form reduce* to x * ^constant, a line per- 
pendicular to the jr axis, and ;if R A 0, one obtains 
y « — (A/B)x 4 C/A, a line with slope ■ A 
and y intercept C/A . Thu* td each line there cor- 
respond* a linear equation in x and y, and 
each such equation is associated a line. ^ 
Angle between two lines. The angle ^ (0 

4 < 180 °) from a line gi to another intersecting 



line* tte « that through which g, must he rotated 
I about the point of intersection ) to coincide with 
f... If 0 t* #2 are the slope angles of g u respec- 
livelv. then 

4* =« 0 2 — Oi and 

j tan 02 - tan 0j X 2 - Xj 
tan o ** 

1 -f tan 0j tan 0 2 1 -f* Xj • X 2 

provided 0j A 90 r/ ? 0 a 

Consequently, # t and are mutually perpendicu- 
lar if and only if 1 4 Ai • A 2 = 0. The formula for 
!,»n </> holds in case gj. are parallel. Then c/> =- O' 
and Aj *= Aj. It follows that two distinct lines 
l.jr + W*y f C, = 0. with / = 1. 2. are mutually 
jMTpendicular if and only if A\A* f /? |/L» * 0. and 
parallel provided A\llj- A Ji\ - 0. 

Area of a triangle. Let l\( i„v, L with / — 1. 2. 3. 
he witices of a triangle whove area is denoted h\ 
Then A ~ l *j ill)„ where d - | l.ti -- i 2 )-’-4 
hi ~ v-j ) " 1 1 /J and I) is the distance of / J . from 
tin* line joining /V P>». Substituting the coordinates 
n..Vil of /': for ( v.i ) in the normal form of the 
n]iKition of that line gives 

i [(>:• - v*> Ti - (rj - .ti)vj - r,v, f XjVi| 
V^( r 2 - rft 2 4- (vj - ^ ,) 2 

iind lienee 

I 

t I 1 - ! I 1 1 vj I » f VfVi — .»<>':* tjY t - r,v .) 

I V, V, 1 j 

.4 = 4 ( * ^ t i -* 2 V-» 1 

X:\ v i 1 

111#* positive sign hold" provided the vertices /V 
/\. P are in counterclockwise order, ami the 
negative sign in the contrary ca*e. 

linear combinations. If in - ft. //- = ft are equa- 
tion" of lines through a point P „ for every choice 
*»t lonstants c t , rj (except o « r» = 0) the linear 
"inihination r x u\ 4 r-jiij = ft is an equation of a 
line through P, and every line through P ha« an 
equation of that form. It follows that ihiee lines 
a - 0, with i * 1, 2. 3. are concurrent provided 
there exist constants r la r 2 . c,< ( not all /cm) such 
f hat the linear combination cjiij f r-ju-j -4 r-.n.* * 0 
lor eicrv pair of numbers (x.vL Putting //, =» 

I t -f /f,v 4 (7*. with i * 1, 2, 3. then c,. c 2 . are 
nontrivial soldi ion a of the system of equations 
r ’ 'f i 4 r 'jAz 4- c iAv m 0. C|/fi 4- c^/Lj 4 c ,.•/?■{ = 0, 
r if<i I r-j^a 4* r->C s « 0. Hence the lines //, « 0. 
*ith / a 1.2. 3. are concurrent if and onlv if 

I /fi fli Ci I 

flj 1 » 0 

A ‘ft! 

Circle. By use of the formula for the distance of 
points and the definition of a circle, an equa- 
tion for a circle with center C( jro.ro) and radius r, 
1 r 0 ) i 8 found to he (.t — .ro) * 4 - (v — yo ) 2 “ 

'*• See Cmct.F.. If r ■* 0 , the only (real I point 
°I the, locus is the center (to.ro) and the circle 
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is a point-circle. The above equation is called 
the standard form. Expansion yields x‘ 2 4' y 1 — 
2tot — 2y n y 4- Xu 2 4 y<r — r 2 = 0. a quadratic in 
t, v with equal, nonzero, coefficients of x- and y 2 , 
and with the product term xy lacking. Conversely, 
the locus of each such equation A(x 2 4* y J ) 4* 
2l)x 4- 2 Ey 4- F = 0. A y 0. is a ( real ) circle with 
center i — D/A.—E/A) and radius r =*= ( 1 /A ) 

| IP 4- E~ — AF] l/1 provided I) 2 4- E £ — AF 0, 
for by “completing the square” the above equation 
inay be put in the standard form. Let PLti.yi ) be 
on the circ le (x — x t) ) 2 4' (y — y<,)- = r 2 . An 
equation for the tangent to the circle at P is easily 
seen to he ( Vi - -y„l(r " yi) 4 (ri — x<>) (x -■ Tt ) 
= 0. Adding <.t, -- x u ) f ( vj — y„L J to the left 
side of this equation, and its equal f l I since 
PfrM'i ) lies on the c ircle) to the right side, yields 
( X\ — x ( , M x - Jt„ ) ( yi — Vn I ( y — y 0 ) = r 2 as 

an equation of the tangent. The formal process by 
which this equation ma\ he obtained from the 
standard form of the equation of a circle is called 
polarization. If Pi r,.v, > is not on the c irc le, the 
line that is the locus of that equation is called the 
polar line of t with respect to the c ircle. If P is 
outside- the circ le. it»- polar line joins the contact 
points of the two tangents from P to the circle. 
Polarization of the general equation of a circle 
give" 4 i x : x v,v l 4- IHx 4- ) 4- Fly 4 v, ) + 

F - ft. as an equation of the tangent at ( Ti.Vi \ if 
that point on the circle, and of the polar line of 
(tj.vj) otherwise. The tangential distance t from 
t a • . \ t to the- circle (t— r,.t ’4- (v — rn) 2 = r 2 
i" given b\ t- * t 1 - 4- (>'i - r„»- -- r-. 

Hence ( jt — in L-‘ -f (y — v,,) - — r,, 2 == (r — .r,) 2 4- 
t v v< ) ■’ - f| J is an equation of the locus of 
points with equal tangential distances from the two 
circles with centers ( r n .Yn). < ti.v, ) and radii r 0 , r i. 
respectively. Sin the equation i« linear it repre- 
sents a line which evidently contains the common 
chord of the circles in case thev intersec t in two 
distinct points. If //, = 0. with / * 1. 2. 3. denote 
equations of three circles that intersect pairwise 
in two distinct points, then the three* common 
chords arc* concurrent, since the equation u\ — 
ti ‘2 - 0 is a linear combination of the equations 
Mir — r j > = 0. tt — iii « 0. An equation of the cir- 
cle through three noncullinear points P,{ l. 
with i = 1.2. 3, mav be written 


X 1 

+ 

X 

> 

• V , 5 

4 v, 2 

X\ 

T| 

Xt i 

4 v s ! 

*2 

\2 

*» s 

4 v 3 * 

*3 

Va 


Conic sections. Muc h of plane analytic geom- 
etry deals w ith a class of curves which ( from the 
way in which thev w*ere first studied) are known 
as conic sections or conics (.err Conic section ). 
A conic is the locus of a point P that moves so 
that its distance from a fixed point F (the focus) 
is in a constant positive ratio t (the eccentricity ) to 
its distance from a fixed line (the directrix) not 
through F. Let (c.0) be the coordinates of f, 
c > 0. and take the y axis as the directrix. Then 
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P(.r.y) satisfies the equation f [x — c) - 4 y 3 ] 1 ' 3 » 
tx; that is. (1 — 4 y J -- 2 cx 4- c- = 0. anil it 

is easily seen that each point whose coordinates 
satisfy this equation is on the conic. Hence each 
conic is represented by a second degree equation 
in the cartesian coordinates l.t, y). A conic is called 
a parabola, ellipse, or hyperbola according as 
€ » 1, « < 1. € > 1. respectively. 

The parabola. When c = 1. the equation for the 
conic obtained above becomes y 3 * 2r.r 4- r- = 0 
or v -* = 2c (.i — c'2). The curve has an axis of 
symmetry (the r axis when the focus and directrix 
are chosen as above). The point (r 2.0). at which 
the axis intersects the curve is the vertex. Putting 
x = r in the equation, it is seen that the chord 
through the focus that is perpendicular to the axis 
I the latus rectum) has length 2c. All quadratics 
x = A > - 4 fly 4 C, v = A x' 4 fix 4 C. .1 * 0. are 
equations of purabolas I with axes pet pendiculur 
to the v axis, or the r axis, respectively ). All other 
parabolas have equations Ax' 4- 2 Brv 4 Cv- 4 
2 1).\ 4- 2 Ev 4- F « 0, with discriminant 

I A H D ! 

B C K * 0 and 1C - HP - 0 

f) F F 

I A quadratic with nonvanishing discriminant is 
called irreducible.) A simple standard form of an 
equation of a parabola is obtained l>\ taking 
lc 2.0) for focus (r > 0) and the line i = r 2 
for directrix, resulting in v- = 2rx. Polarizing 

gives y \v ~ r(x 4 Ti ) for an equation of the tan- 
gent at the point Pi vj.vj ) on the parabola. ThN 
tangent cuts the axis at the point Qi — x i .0 1 whose 
distance from the focus is rj 4- r 2. But this is the 
distance from the directrix to P. and consequent Iv 
the triangle FPQ is isosceles with FQP =» 
$iFPQ. It follows that the line joining F to any 
point P of the parabola makes the same angle 
w r itb the tangent at P as does the line through P 
that is parallel to the axis of the parabola. Thus 
each light ray emanating from the focus is reflected 
parallel to the axis. See Parabola. 

The ellipse. When r < l, the equation of the 
general eonic given above becomes 



This is an equation of the ellipse with focus 
(r,0) and directrix the y axis. Putting ,Y~.x — 
e/fl — c 2 ), Y * y, the standard form X 2 .‘A 2 4 
Y £ R 2 » 1 of the equation is obtained, where A * 
<c ' (1 — «-) > 0 . B — ' ( 1 — c 2 i > 0 . This 

is equivalent to referring the ellipse to a new set 
of coordinate axes obtained by translating the ori- 
gin to the point fc/fl — «-),0]. .See Coordinate 
systems, oraphk al. The coordinates of the focus 
F in the XY coordinate system are [ — 

e 2 ),0] and the equation of the directrix is X =» 
— r/(] — «'*). Since the standard form shows the 
curve to be symmetric with respect to each of the 
new axes and the origin, it is clear that F* 
fecVfl — and X * r/(l — c 2 ) may he 


tuken as focus and directrix. Putting C - ■ ' 

(1 — «-*). then C~ *= A 1 - IP, and A- ' 4- \ 
Y- 'B- » 1 is seen to he the locus of points P( Y)| 
the sum of whose distances from I (7.0 ) and ( 
is 2 A. This relation is frequently used to define ;u, 
ellipse. The chord containing the fori is the inajoi 
axis; its length is 2 A. The chord of length 2li 
through the midpoint of the foci, perpendicular tu 
the major axis, is the minor axis. The tangent to 
V- A 2 f Y- B- 1 at P( Vi,)'i ) on the ellipse h 
V, V .-f 4 V , V IP = I. Lines PF. PF' make r„,, d | 
angles with the tangent: so found or light that 
emanates from one focus is reflected to the other 
An irreducible quadratic Ax' i 2B\v C\ - -i 
2 f)x 4 2 Ex I F « 0 is an equation of an ellipse 
provided AC — B 2 > 0. .See Kl.UCsE. 

The hyperbola. When < > I. the equation tor 
the conic is written |\4 e If- 1)]-’ v : 
It" 1) = € -c*" 1 1 c * l If > ll. Putting \ ~ 

x 4' r (<‘ I). > - v gives the standard lorm 

of a hyperbola A’’ /•’ )’■ B- - 1. wlieie 1 - 

er 1 1 ■ 1 I > 0. B «■ ir |<- I). ]j 

clear that the curve consists of two hrunclie* and 
is symmetric to the axes ami the origin. Putting 
C =■ rc'ic' 1). then both PlL'.lh. V I 
are foci of the hvperboln. with respective dir»*«- 
1 1 ices A *= r ( f ’ ll. V -- e it li. ami 

A- 4 B' « C. Then V f ) IP 1 is 
to he an equation of the locus of points Pi \ )• 

such thut PF — PF § - 2 1. The lines \ I r 

) B - 0 are usvruptntes c i f thi* hvpeiliola. \- ,i 
point P travelers either branch cd the h\ per hula 
its distances from an asymptote approach zero An 
irreduf ilde cfnadratic 1 r * 2 B\\ i ( y ’ » 2 Ih • 
2 Fy 4 F =- 0 is an equation of“an hvperhola pre* 
vided AC - IP >' 0. See IhcKRnoi a. 
Three-dimensional space, l et c artesian coordi 

nate systems he established on each of finer p;m 
wise mutually perfiendii ular lines of three-sp.nr 
that intersect in O. the common «»rigin of the sw 
tems. Suppose equal scales and c all the lines the 
x axis, y axis, and z axis. To each point P of spj« e 
an ordered triple u.v.z) of teal numbers at- 
tached as rectangular cartesian coordinates, where 
x is the coordinate of the foot of the perpendi* nl.ir 
from P to the x axis, and v and z are sirnilarlv «!<■ 
fined. Thus every point of space has unique coor- 
dinates. and each ordered triple of teal number* 
is the coordinates of a point o* space. If d de- 
notes the distance of two points Pi(xi.>i.2i> 
Pi 1 x^.y-j,Zj ) . then d - [ ( X\ - To)" 4 (>'i ~ 1 * 
(z\ — Zn)’V I-*** K denote any directed line and 

the line through O parallel to g and directed in 
the same sense. If a, ft, y denote the angles that g 
makes with the v, y, and z axes, respec tively (th« j 
direction angles of g), then cOs nr. cos ft, cos y are 
the direction cosines of g. Thtjy satisfy the relation 
co* a rr 4 cos 2 ft 4 cos- y a 1, and any three num- 
bers /i. v such that A 2 4 p 2 f- »'* * l 
direction cosines of a (directed) line. Three num- 
bers a , A, c proportional to the direction cosine* 
A, p. v of a directed line g are direction number** 
of g. Qearly, direction numbers of parallel lim 1 * 



;i,r proportional. If /*i p.,( x 2 ,y a ,* 2 ) are 

di^inct points of g. then x- 2 - x u y> - y u z 2 — z\ 
;lf r direction numbers of g. It follows that /'(.r.y.z) 
h on g if and only if r r, = / f — jt, ) . 

» Yi - M.V a — Vi). Z — 2| = /(z 2 — s, t. -»> 

I v *. These are parametrir equations of g (/is 
dir parameter), from which the symmetric equa- 
tion* M ~ 'i) *2 - Xi ) * fr ~ yi) f ( yo y, | = 

Zi ) ' (z_* - 2:1 t follow at once. The direction 
( . 4 ,*ine* of a', directed from f\ to /*■,. are cos n = 

, .\\ ) ti % cos ft = ( y.j — y, ) V. fns y - 

i;. ri ) r/. where r/ ==- | ( r-j - rj ) - f ( \ 2 - - v, ) ’ 4 
i ; L . If oi. ft x . y\ and nr«j. ft 2 . y-j are 

ilirectioii angles of directed lines g u g Jm re*pec. 
u\r*lv. and 0 denote* the angle between them, then 
,o* ft - eos rvi Cos f cos ft\ co* ft^ \ <-o* y , 
,o* yj. Hence gj are milt null v perpendicular 
if and onl\ if </|U- f b x b 2 i t x r 2 - (I. where u,. 

r ( and Uj. /) L ». Cj are direction number* of g,. 
Jr,. '>espe« , li\el\ . l.et the plane t go through 
J‘ M„.yi,,Zn) and be perpendicular to a line g with 
ilnection nuniber* a. h . c. Then Pi r.v.zt i* in r if 
uni onl\ if /* -• /*«, or the line joining it to R u is 
U light angles to a line through l\, that i* parallel 
tn«. that is. if and onl\ if nix - in t *■ bis y,.\ 

• '-u ■ z,x t -• 0. Hem e to each plane corre- 

.|h»ii«|s a linear eqiiati-e* r*nnvrr*elv. if f\ ( x,,.v, ( .Zoi 
-.itisfifs tin* linear equation A i | R\ 4 Cz +- l) = 
" with /. tC C not all zero, then A I i — 4 

II ) i..) f (' \z - r,.) = 0 i* an equation of a 

ni. me through ft., pet pendicular to a line with 
■lim turn numbers 4. R. C. and so \ x 4 R\ +- 
i: • l) - 0. with f. //. ( H. 0. 0. i* an equation 
•<l a plane. Clrarlv r - 0 is an equation f* *r the 
: lane delei m ined l»\ the > and 2 n\cs: equation* 
"l the other two coordinate planes are > «■ () and 

■ 0. It a directed pel pendieiil.il ti from O to a 
i-l.uie meet* the plane at /* (g is directed from () 
t*» /* in case the plan#* is not through O) the plane 
hi" equation x cos n > > cos ft { c cos y p. 
" lief c n. /?. y are the direi tion angles n f g and 
/• ■■ OR. This is the noitnai foim of equation of a 
I'l.me. The general form is reduced to it upon 
di\ b> rtf -1 4 /?- i C‘1 1 . The distance 

*iorn i fiy 4 Cz I D = 0 to / > t y* > is 
•I*.. 4 ^ cz„ t- m ±n- 4 n 4 c \ » 

viheri 1 the si^n is selected opposite that of 0. (In 
/use I) ^ 0. other conventions are used.) Two 
I'ljnes A,x -j- Fi , y f C,z = 0. with / = 1.2. are par- 
^1**1 in rasp the number triples *fi, /?,. T, and A>. 
ft.- C. are proportional, and are mntuallx perpen- 
db-ular provided A\4> 4 R\R> 4 C^C : =• 0 f«inee 

* • f?i and A?, Rj. are direction numbers of 
lines that are perpendicular to the respective 
plane's, i . If /»,( x,\ t9 s, ). with / «*■ 1. 2. d are not 
‘“llinear. the plane thev determine has equation 
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jlrree planes A, x 4- R t y 4- C>z 4 lh * 0. with i « 
• 2. 4. intersect in one point if and only if 
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Ax /*, C x 
At lh Ci 
A 3 Ih C, 


0 


The loi •US of points whose coordinates satisfy an 
equation jixy^z) = 0 is a surface. Curves may be 
thought of as intersections of two surfaces, and as 
such the coordinates of their points satisfy two 
equation* /(.r.y.z) = 0, /?(.r,y,r) = 0. Thus a line, 
considered as the intersection of tw r o planes, is 
given h\ the two (*iniultaneou* ) equations A t x - *- 
R y 4 C,z 4 1), = 0. with / = 1. 2. That line has 
diiertion numbers 


i H\ C\ i ! (\ a 1 1 i a, /?, ; 

I fi * <:> ' C-i At : h B t '■ 

(-ur\e* are al*o represented parametrically b\ 
equation* \ (/). z = h it ). the param- 

eter t varying in an interval ( a.b ). finite or in- 
finite. Parametric equations for the line have al- 
leadv been given. Additional example* are x = r 
co* /, v = / *in /. z = 0. with 0 * ^ t 2tt. para- 
metiic equations of the circle in the rv plane 
with center at 0 and radiu* r; x = a ‘ cos y = 
a ■ *in t, z - A*/, with k / 0. — x < t x . para- 
metric equation* of a circular helix - the curve of 
the thread of a machine ( untapered ) screw. 

Special surfaces. It follow* from the definition 
of a sphere and the formula for distance of two 
point*, that fv - a ) - 4- ( v — /> \ - -f- ( z — r ) = r- 
i* an equation for the spliere with center (a.b.r) 
and radiu* r. and 1>\ conqdeling the squares of the 
v. and 2 term* in the equation x-‘ 4 >-’4-2-4- 
2D \ 4 2A'v J 2Fz - C — 0. if i* seen that the lorn* 
of *nch an equation i* a sphere with positive or 
zero radiu*. or there is no (real) locus. 

A nv equation in ju*t two of the three coordinates 
i* an equation «*f a cvlinder whose element* are 
parallel to the a\ * ( »f the missing variable. Thu* 
the locu* in 3-space of x : 4- v- = r L> is a t right ) 
circular cvlinder whose element* are parallel to 
the z a\i* and which intersect* the o plane in the 
circle r J 4. i J = r-. 2 = 0. 

Anv eipiation /( v.v. 2 1 = 0. with /( v.v.z) homo- 
geneous in x. y, 2 (for example. 4.vv — xz 4 yz = 
0. i ' — vi 4 2 ’ = Oi ha* a cone with vertex O a* 
locus. 

A surface of revolution i* obtained bv rotating 
a plane cuivr C about a line g of it* plane. If 
ft x,v) = 0. 2 = 0 are equation* of C, and g is the 
»\i*. the resulting surface of revolution has equa- 
tion /< x, \ i J 4 2“ ) = 0. Thus the surface gen- 
erated bv revolving the circle y l> -4 f v — />)- = n J . 
2 ** 0. about the v axis (the torus or anchor ring, 
if b > a) has equation v- 4 (n/v* 4 z 1 — b ) - = a 2 . 

A quadric surface i* the locus of points whose 
coordinates satisfy an equation of the form Ax - 4- 
Rx 4 Cz : 4 Dxy 4 Fxz 4 Fxz f Cx 4- Wv 4 Jz 4 
K = 0. where at least one coefficient of a second- 
degree term is not zero. Some surfaces obtained by 
rotating conies about a line belong to this class, for 
example, spheres, prolate and oblate spheroids 
(given bv rotating an ellipse about its major and 
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minor axes, respectively), hyperboloids and parab- 
oloids resulting from rotations of hyperbolas and 
parabolas about their axes of symmetry, right cir- 
cular cones and cylinders. Cylinders with conics 
for directrix curves are also members. Apart from 
degenerate cases, such as two planes, the remain- 
ing quadric surfaces, and the standard forms of 
their equations are (1) ellipsoid, x 2 /aP 4 y-/b 8 4 
zVc* ** 1; (2) hyperboloid of one sheet, x 2 /a 3 4 
y*/b 2 — z 2 /c* ■ 1; (3) hyperboloid of two sheets. 
x 2 /a 2 — y 2 /br — z*/c* * 1 ; (4) elliptic paraboloid, 
x*/a* 4 y 2 /b 2 *= 2z ; (5) hyperbolic paraboloid, 

x 2 /a 2 — y 2 /b 2 * 2z. Hyperboloids of one sheet and 
hyperbolic paraboloids are ruled surfaces, that is, 
each contains an infinity of straight lines, called 
generators. In fact, each of those surfaces contains 
two sets of generators. See Quadric surface; Sur- 
face AND SOLID OF REVOLUTION. 

n-Dimensions. Let cartesian coordinate systems 
with equal scales be established on each of n pair- 
wise mutually perpendicular lines intersecting in 
the common origin O, and label the lines (Mfi, O.Y 2 , 
.... OX n . To each point P of n-space an ordered 
r»-tuple . . . ,x„) of numbers is attached 

as coordinates, where x, is the coordinate of the 
foot of the perpendicular from P to OX i% with 

i — 1, 2, ...» n. Two points P(x^J t 2 x„), 

Q(yi,y 2 y*) have distance d * \ (xy — yi) 2 4 

(x 2 — y 2 ) 2 4- • • * 4 ( x n — y n ) z y /2 . Direction an- 
gles Xu Jft, of a directed line are defined 

as in three-dimensional analytic geometry, and the 
direction cosines satisfy the relation cos 2 nri 4 
cos 2 <*2 4 ' * * 4 cos 2 a n =* 1. Direction cosines of 
the line g(P,Q), directed from P to Q % are 
(n - Xy)/d, (y 2 — *2 )/df • . . , (v n — x n )/d , and 
numbers proportional to them (for example, the 
numerators) are direction numbers of g(P,Q). 

Hence (Xy,X 2 are coordinates of a point 

on g(P,Q) if and only if (Xy — Xy)/(y\ — xi) = 
(Xs — x<z) / (y 2 — Xn) =•• = (X n — X n )/(y n — x n ). 
These are symmetric equations for the line deter- 
mined by P , Q. Denoting the common value of the 
quotients by t gives the n parametric equations 

Xy * x, 4 tfyi — *j), with i * 1. 2 n. 

— •« < t < 00 . Let g be a line through 
C(cy,c 2 , . . . .c„) with direction numbers au a 2 , 
. . . , a„. Point C, together with all points X such 
that the line g[C,X) is perpendicular to g. defines 
an [n — 1 ) -dimensional subspace (hyperplane). 
Its equation is a x (X x — Ci ) 4 a 2 ( X 2 — c 2 ) 4 
* • * 4 On(X n — c„) * 0. since Xi — c„ with i =* 

L 2 n, are direction numbers of g(C f X ), 

and the equation is the condition that g and g(C 9 X) 
be mutually perpendicular. It is readily seen that 
the locus of every linear equation AyXy 4 A 2 X 2 4 
• 4 A n X n 4 K * 0 is a hyperplane perpendic- 
ular to a line with direction numbers Au A 2 , 
. . . , A n - Tt may be put in normal form by dividing 
by ±(A\* + A 2 * + • • • 4i4„ 2 ) 1/2 , and the dis- 
tance from it to a point C(ci,c 2 . . . . ,c„) is found 
by substituting the coordinates of C for Xu X 2 , 
. . . , X„. Subspaces of dimension k(\ g k < n) 
are given by systems of n — k linear equations. An 


equation of the hyperplane determined by n points 
is readily expressed in determinant form, as well as 
the condition that n 4 1 points be on a hyperpl an <> 
[substitute the coordinates of the (n 4 1 ) -st p 0 j m 
in the first row of the determinant equation of t| lf . 
hyperplane]. Discussion of loci of higher order U 
beyond the scope of this article. 

This brief sketch of analytic geometry has dealt 
only with that coordinate system most frequently 
used. For other coordinate systems (polar), 
well as a discussion of transformation of coordi- 
nates, see Coordinate systems, graphical; spp 
also Algebra; Geometry, differential; Geome- 
try, euclidean; Projective geometry; im u> . 
nometry, plane. [i.M.ni.] 

Bibliography: A. A. Albert, Solid Analytic C, p 
ometry , 1949; W. F. Osgood and W. C. GraiMHn, 
Plane and Solid Analytic Geometry , 1921; 0. S.d 
mon, A Treatise on Conic Sections , 10th ed., 1H% : 
P. H. Schoute, Mehrdimensionale Geometric , > 
vols., 1902-1905. 

Analytical chemistry 

In its most limited sense, that branch of chemistn 
which deals with the elucidation of the chemical 
structure of matter. In its broader sense, how cm 
analytical chemistry is concerned with te(h»ii|in*- 
which yield any type of information about chemhal 
systems. With a lump of coal, for example, the ta-k 
of the analyst is generally not to determine the He 
mental constitution of the sample hut to gi\c muni* 
measure of its ability to produce energy. Kwrv 
chemist is an analyst insofar as he seeks infonna 
tion about chemical systems, but the analytical 
chemist is distinguished by his primary concern 
with the development of experimental methods t*»r 
obtaining that information. 

Analytical problems fall into two categoric-, 
qualitative and quantitative. Qualitative anal\M- 
deals with the problem of what is in the sample. 
Quantitative analysis attempts to assign numeric .tl 
values to the amounts of different materials in the 
sample. The analysis is an ultimate one when the 
composition is reported in terms of its fundamental 
building blocks, the elements, or it is a proximate 
analysis when larger chemical units such as mole- 
cules are determined. The scope of problems within 
these categories is huge. It ranges from trace analy- 
sis of infinitesimal amounts of impurities in tran.4- 
tor materials to dating archeological samples, and 
to problems in forensic chemistry. 

Any particular analysis includes four steps: ob- 
taining the sample, preparing it for analysis de 
termining the constituents, find evaluating the re- 
sults. An accurate analysis depends on the success- 
ful completion of all of theset.steps. 

Sampling. This step maf involve no more than 
pouring a liquid from a bottle, but it may inch* c 
such problems as obtaining a representative sam- 
ple from a tank car or a boatload of iron ore. 

Reparation. Often the sample is not received in 
a form suitable for analysis. .Sometimes it first mu* 
be dissolved in water or another solvent or trans 
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formed from solid to liquid or gaseous form. Com- material* is studied. In x-ray diffraction methods, 

ponentti which would interfere with the determina- the interference or reinforcement of reflections 

lion must he removed using physical and chemical from successive planes of a crystal is used to 

•4'paration techniques such as precipitation, distil- analytical advantage. In refractometric analysis ap- 

lation, chromatography, and ion exchange. plication is made of the change in the speed of 

Determination. The heart of the analysis is the light as it passes through matter. In optieally active 

procedure in which the constituent of interest is de- materials this speed is different for different tvpes 

icrrnined. Such procedures are of two types: those of circularly polarized light. This forms the basis 

used on chemical reaction and those in which some for polarimetric methods and many of the methods 

physical property of the constituent is measured. of optical microscopy. 

Chemical methods can he subdivided further into A number of other methods, although not utiliz- 
iwo t> P*'s: titrimetric methods in which the amount ing electromagnetic radiation, are based on the 

of a reagent required to react with the sample is de- same principles and employ similar techniques, 

trrmined. and kinetic methods in which the rate .if These include neutron and electron diffraction and 

reaction of the sample with a reagent is determined. electron microscopy. 

Pin deal methods ha\e been based on almost e W . r> Electrical methods. Electrical methods have 

t >oric«'i\able physical property of matter. Although been based on measurements of resistance (con- 

of these methods have been used since the ductimetry ) and capacitance (dielectric constant), 

middle of the nineteenth century, the perfection of However, the most widely used electrical methods 

ifir vacuum tube provided a large number of new are based upon the reaction of substances in solu- 

r (Search and operating techniques for this branch lion at electrode surfaces. Potcntiometric. polaro* 

of analytical chemistry. It should he recognized that graphic, and other voltammetric methods all involve 

these physical methods cannot he separated corn- current-potent ial-time measurements of various 

plelelv from the previously discussed chemical tv pe* at such electrodes. Also, in coulometry and 

-me-, because most commonly the method for fol- elect rode position, electric current is used as a rea- 
lising the com se of a titrimetric or kinetic pro- gent for titration and separation, 

inline is based on ^oii c physical property. If this Magnetic methods. In the nuclear-magnetic and 
method involves only instruments of such classic elc. tron-spjn resonance methods as well as the 

"iigm as the balance, gas manometer, lmret or vis. older magnetie susceptibility methods, the interac- 

ii.il observation of color change of indicators, the tion of the sample with a magnetic field givesvalu- 

method is ti*i med classical. Methods involving more able information as to its composition and struc- 

mmplicated apparatus than this are teimed instru- line. Movement of charged particles in a magnetic 

mental. Most physical methods of analv-js involve field also forms the basis for mass spectrometry, 

interai lion of the sample with some form of eneigv Thermal methods. Liberation or absorption of 
•r with eleinentarv particles of high energv. Such heat during phvsical change or chemical reaction 

im-lliods can he classified on the basis of the tv pc forms the basis for a number of analvtieal meth- 

■•I energv. od*: some, such as therinometric titrations, thermal 

Oftltnil methods. Methods based on electromag- < “odin timetry. and calorimetry are based on a 

netie radiation are termed optical. Thin term is measure of the a. a lint of heat : others, differential 

•nmeishal deceptive in that it encompasses not onlv tlier moanalvsis. thermometrv . and thermogravim- 

-m h familiar optic al devices as prisms and lenses etrv. on the temperature at which such changes oc- 

ust-fl in the visible, ultraviolet, and infrared regions cur. 

"f the electromagnetic spectrum but also Geiger \uclear radiation methods. In addition to meth- 
OMiutcrs and lead shielding in the short wavelength ods involving the measurement of natural radio- 

v ra\ region, and devices which resemble ham radio activity of samples, modern techniques include acti- 

ii^ar in the long wavelength microwave region. vation analysis in which radioactivity is induced in 

lVvr optical methods are based upon one of font the sample by high-energy bombardment and tracer 

■ prop*-! ties. Under appropriate conditions matter techniques in which small amounts of radioactive 

'"in he made to emit, absorb, reflect, or refract elec- material are added to the sample either chemically 

^•magnetic radiation. Emission methods are based or hv admixture so that the course of reaction or 

“R the first property. The sample can be excited to s. k .arntion can be more readily determined. 

' ‘‘Hist' light emission by a number of methods. In Miscellaneous methods. The above eategoriza- 
r »ii*don spectroscopy an electric discharge is eni- tion is by no means complete. Methods have been 

plmed; in Raman spectroscopy, fluorimetrv. plios- based on solubility, speed of propagation of sound 

Plmtiinetrv, and x-ray fluorimetrv an intense waves, interfacial tension, surface area of solids, 

of radiant energy' such as an ultraviolet and many other factors, 

is used ; in flame photometry, hot gases. In Evaluating data. Even when the determination is 
'P f ‘< tro|)hotornetrv or colorimetry the amount of accomplished, the task of the analytical chemist is 

Nation absorbed by the sample is measured. In not completed. He must know the errors to which 

t ,lr bitliinetric and nephelometric methods advantage his analyses are subject and he prepared to give 

,s taken of the light-scattering ability of suspensions estimate* of the accuracy and precision of his re- 

"l matter in solutions. In reflectance methods suits based on valid statistical methods. See various 
"flection of light from the surfaces of opaque specific techniques: see also Qualitative c.hkmi- 
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CAL ANALYSIS; QUANTITATIVE CHEMICAL ANALYSIS; 

Separation (chemical and physical), [w.h.r.] 

Bibliography : Analytical reviews 1961 applica- 
tions. Anal. Chem. f .*13(5) :1R-164R, 1961; W. F. 
Hillebrand, G. E. Lundell. et al.. Applied Inorganic 
Analysis , 2d ed., 1953: T. Hogness and W. C. John- 
son, Introduction to Qualitative Analysis and 
Chemical Equilibrium , 1957; I. M. Kolthoff and 
E. B. Sandell, Textbook of Quantitative Inorganic 
Analysis , 3d ed., 1952. 

Analytical chemistry, errors in 

Differences between measured values and true val- 
ues for the substance determined. The accuracy of a 
determination is the difference between the deter- 
mined per cent and the actual per cent present. The 
precision of a set of determinations is the variation 
of the results or their reproducibility. These varia- 
tions may be expressed on a relative or absolute 
basis. For example, a sample is known to contain 
40.00^ X and on analysis 39.84^ X is found. The 
error is 0.16^ on an absolute basis and 0.16 X 
100 40.00 = 0.4^ f . or 0.16 X 1000 *40.00 *= 4 parts 
per thousand (ppt) on a relative hasi*. Accuracy 
requires precision, but precision does not guarantee 
accuracy. 

Errors in analytical chemistry fall into two 
classes, determinate and indeterminate. 

Determinate errors. Errors in this class arise 
from known causes and can be corrected. Included 
in this class are instrumental and reagent errors 
caused hv iincalibrated weights and volumetric 
equipment or by impure reagents. A second tvpe in- 
cludes personal errors such as selecting the in- 
correct end point of a titration as a result of color 
blindness or prejudice in reading a buret. The third 
and worst type is error of the method, which in- 
cludes faulty sampling, coprecipitation of impuri- 
ties in precipitates, wrong indicators for titrations, 
solubility of precipitate* in wash liquids, and in- 
complete reactions. This type of error can be 
avoided only by use of a different method. Determi- 
nate errors can be avoided or at least minimized by 
careful work. 

Indeterminate errors. These errors are beyond 
the control of the observer. If the same measure- 
ment is repeated, it is found that the measure- 
ments are not identical. Furthermore, small differ- 
ences from the most probable value are more fre- 
quent than large differences; the observations are 
both larger and smaller than the most probable 
value; and the distribution of errors follows the 
law of probability. Indeterminate errors cannot be 
avoided. 

Accuracy and precision. The estimation of the 
accuracy of analytical work and the detection of er- 
rors require statistical evaluations of analytical re- 
sults. Several quantities are useful in evaluating 
results. The average result X , the sum of the re- 
sults divided by the number of results, has little 
value by itself. The deviation of a result, (X — X), 
also has little significance. The average deviation, 


a.d. t of a set of a results without regard to sign 
is a crude measure of accuracy, A better measure 
is the standard deviation, cr, the square root of the 
sum of the squares of the deviations divided by th*. 
number of deviations minus one, 



This method increases the importance of larg^i 
deviations. When deviations are reported, the num- 
ber of measurements should be specified. 
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The most probable value will fall in the range 
35.45 :fc 0.08. This example illustrate* a good pie. 
ei*ion since the standard deviation is 2 ppt (0.078 / 
1000 35.45 = 2 1. Provided no determinate eriur*- 
are present, the average 35.45 would be the most 
probable result. If the standard deviation had been 
dt().5, however, the results might he eonsidered tin 
acceptable and a thorough review of the method 
would he neeessarv to loeate a variable error. 

The application of more advanced statistical re- 
lationships gives the expression X ± a <r. the 
probable reliable limits under specified condition-. 
For example, if A is the average of five determina- 
tions and a is assigned a value of 1.388. 95 determi- 
nation* out of H)0 will fall in the range X ± 1.388.;. 
The constant a and the value 1.388 refei to value- 
of Student’s t (.see Biomkirio; Statistics i . A 
modification of this relationship is used in indus- 
trial laboratories to control a production pro.es- 
which should yield a product of constant com- 
position for long periods of time. A graph of the 
average of a fixed number of analyses against 
time is plotted. By using the limit* described above, 
the variation of all the results is compared to the 
variation of a small set of results. By proper u-e of 
such a control chart, variations in production 
methods and analytical methods can be detected. 
Further extension* of statistical treatment lead to 
simplifications in the design of experiments. 

In normal practice an analysis is based on three 
or four individual determinations. If one result i* 
much larger or smaller thap all the other*, the 
question arises as to whether or not it can be dis- 
carded. For four or more relults, one can be dis- 
carded if its deviation from the average of the 
agreeing results is more than four times their aver- 
age deviation. 

Bibliography : American Society for Testing * a ‘ 
terials, A STM Manual on Quality Control of M «"• 
rials , 1951; W. J. Youden, Statistical Methods for 
Chemists , 1951. 



Anamnia 

’flio.se vertebrate animals, sometimes railed Anum- 
n j ( ,la. which lark an amnion in development. The 
amnion is a protec tive embryonic envelope that en- 
the embryo and its surrounding liquid, the 
airiniotic* fluid, during fetal life. An amnion is pres- 
ent in mammals, birds, and reptiles, but is absent 
in fishes and amphibians. In early classifications 
the vertebrates were commonly separated on this 
[ignis, and the expressions Amniota and Anarnniota 
arr still useful in grouping higher and lower verte- 
brates. It should be recognized that these term** 
represent grades of development, however, and do 
not carry the connotation of established clas«ifi. 
,. a lor> ranks. Anamnia. then, i* a group name that 
includes the Recent classes Agnatha. Chondrich- 
th\cs, Osteichthves. and Amphibia, and. bv pre- 
emption, the class Placodermi, which is known 
only from fossils. Srr Ammon; Amniota: Am- 
riniii a ; Pim.es (/oology). (r.m.il | 

Anaphylaxis 

\n allergic* reac tion of the immediate h\per»en*i- 
\we tvpe. This is an acute shoc k syndrome which 
generally begins within seconds after exposure to 
the appropriate allergen It varies in it*- manifesta- 
tions to some extent in different animal species. In 
the* guinea pig. the classical animal employed for 
ilcmoiM rating anaphylaxis, smooth muscle contrac- 
tion occurs throughout the bnd\. but the vital area 
if reaction is in the lungs, where contraction of 
iirnnrhinlr* quickly leads to respiratory failure. In 
the* dog. anaphvlactic shock may be of flic* *aine 
rr-piratorv tvpe, but it is more often a protracted 
-hock such as that which follows severe injury, 
death occurring at the end of some hour*-. The main 
point of activity appears to be in the liver, with 
olwtrurtion of the portal circulation. Anaphylaxis 
m man may he of either type. 

Sensitization resulting in anaphylaxis and other 
hvpersensitive states requires exposure to an al- 
lergen. The induction period for sensitization is 
usually 7 10 days: this figure is also applicable to 
the induction period for antibodies. 

The hypersensitive state may sometimes be re- 
duced by desensitization to the point of complete 
1<™. This may occur spontaneously if a long in- 
terval ensues between two exposures to the antigen, 
hut hypersensitivity may remain intact for long pe- 
duds of time. The term desensitization usually re- 
fers to deliberate measures used to diminish the 
hypersensitive state. This can often be accom- 
plished by means of frequent, small doses of the 
a ^ ei Vn. The refractory state is temporary, hut 
can be made to persist a* long as the allergen is 
^ministered. The mechanism through which this 
occurs is not known; one possibility is based on 
fact that in the immediate hypersensitive states 
rw reac ** on °f antigen with allergen causes the 

Oration of histamine from mast cells. Histamine 
an d other intermediate substances, liberated from 
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the cells, cause vascular and smooth muscle de- 
rangements. It has been demonstrated that the mast 
cells may he almost depleted of histamine by ap- 
propriate releasers (including antigen-antibody 
complexes), and that some time is required for the 
cells to regain this substance. Desensitization may 
involve such a continuous state of depletion. This 
explanation, however, would not apply to desen- 
sitization in delayed hypersensitivity, since delayed 
reactions are not dependent upon intermediary sub- 
stances. Desensitization can also be effected in this 
case, however, although it is more difficult to ac- 
complish than is the case in immediate hypersen- 
sitivity. 

lhe Schultz- Dale reaction provides a method for 
demonstrating anaphylactic hypersensitivity out- 
side the body. A strip of tissue containing smooth 
muscle is removed from an animal, suspended in 
a bath containing a physiologically balanced salt 
solution, and supplied with oxygen. The tissues 
commonly u*ed for this purpose are uterine, in- 
testinal, or arterial. With tissue taken from a sen- 
sitized animal, addition of the proper allergen to 
the hath cause- contraction of the smooth muscle. 
The strip may be removed from a normal animal 
and sensitized by the addition of antibodies to the 
bath fluid. Again, addition of the appropriate al- 
lergen will cause contraction. The test may be use- 
ful for studying antigenic relationships of aller- 
genic Mib-tances. or for demonstrating antibodies 
which are too weakly reactive to reveal themselves 
in test tube reactions. .See Hypersensitivity; Im- 
munology. [s.r.J 

Anaplasia 

The appearance of cells with an embryonic, imma- 
ture. or undifferentiated structure at a site where 
under normal conditions only more mature and 
differentiated cell* are found. Anaplastic cells usu- 
ally are capable o* more rapid growth than normal 
cells. They appear to have larger, more irregular, 
darker staining nuclei than their normal counter- 
parts. There are often several nucleoli and bizarre 
mitoses in an a plastic cells. The cytoplasm often 
loses its distinguishing characteristics, for example, 
the cross st nations in muscle. Anaplastic cells are 
believed by some pathologists to be derived from 
adult, differentiated cells; it appears more likely 
that they are derived from the less differentiated 
intermitotic elements in tissues and under normal 
• editions would mature as normal cells. Assess- 
ment of the degree of anaplasia of a tumor is im- 
portant because this property usually correlates 
well with the malignancy of the tumor. fw.F.p.] 

Anapsida 

The subclass Anapsida includes reptiles character- 
ized by a roofed temporal region in which there 
are no temporal fenestrations. Chelonia (turtles), 
with living representatives, and the extinct Coty- 
losauria are the two major subdivisions of this 
subclass. Among the cotylosaurs are found the most 
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primitive known reptiles, which date from the Late 
Carboniferous. These forms and their immediate 
descendants flourished in the Permian and Triassic 
periods of the late Paleozoic and early Mesozoic 
eras, respectively. Turtles first appear as fossils in 
Triassic rocks and are well represented in the fossil 
record from that time to the present. Throughout 
their history anapsids have, for the most part, in- 
habited areas close to water, with some exceptions 
among the turtles, and many of them have been 
semiaquatic to aquatic in habitat and adaptations. 
See Chelonia: Cotylosaijria. [e.c.o.] 

Anaspida 

An extinct order of fresh or brackish-water Ag* 
natha, known from the Upper Silurian of Europe 
and the Upper Devonian of Canada. Members of 
this group are small, not exceeding 10 in. in length, 
and are typically covered with small scales, even on 
the head. Upper Devonian genera have long paired 
fins, though these are lacking in Silurian forms. The 
tail differs from that of other fishes in having the 
muscular lobe turned downward. A relationship to 
Osteostraci and Cyclostomata is indicated by the 
single nostril lying in front of the pineal eye and 
between the large paired eyes, and by the paired 
rows of circular gill openings; all three are 
grouped in the subclass Cephalaspidomorphi. An- 
aspida are possibly ancestral to living lampreys. 
See Agnatha; Cephalaspidomorphi; Cyclosto- 
mata (chordata); Osteostraci; Ostracoderm. 

[ R.H.DE.] 

Anaspidacea 

An order of the crustacean superorder Syncarida, 
the most primitive of the Eumalacostraca. They 
may be regarded as living fossils and arc repre- 
sented by only a few species. Th6y arose during the 
Paleozoic era and are now restricted to fresh-water 
habitats in Tasmania and South Australia. They 
exhibit a great adaptability to special habitats. The 
families Anaspididae and Koonungidae have living 
representatives, while the Gampsonychidae and 
Palaeocaridae are extinct. 


tergal plate 



Anaspidos tasmania e Thomson, lateral view of male. 
(From ft. E. Snodgrass, A Textbook of Arthropod Anat- 
omy , Comstock , 1952) 


AfiaspididM. Anaspide s tasmaniae has a body 
which is similar to that of the amphipods. It is 
about S cm long and is found in mountain lakes 
and cold rivers at elevations of 2000-4000 ft on 
Mount Wellington. Paranaspides lacustris , from the 


same region, is 3 cm long and resembles My s [ s 
Micraspides calmani is the smallest species and i$ 
found associated with Sphagnum. 

Koonungidae. Koonunga cursor is 2 cm long 
and is found in the mud bottom of temporan 
springs near Melbourne. The eyes are sessile, and 
the first thoracic limb is modified for digging. 

Representatives of the Gampsonychidae such as 
Gampsonychus fimbriatus , Gasocaris krejcii and 
Acanthotelson sp. as well as Palaeocaris sp. aiu j 
Praeanaspides sp. of the family Palaeocaridae have 
been found in Permian and pre-Permian strata. 
See Syncarida. [hj l 

Bibliography : G. Smith, On the Anaspidacea, 
living and fossil, Quart. J . Microscop. Sci. 5,1 : 
489-578, 1909; R. Siewing, Ober die Verwandt- 
schaftsbeziehungen der Anaspidaceen, Zool. Anz 
Supply 18:242-252, 1955. 

Anatomy, regional 

The detailed study of the anatomy of a part nr re- 
gion of the body. This is somewhat in contrast, hut 
supplementary, to the study of organ systems, such 
as the cardiovascular, where all the structures per 
taining to the system are studied in their continuity 

The various regions of the body have particular 
interest for certain medical and other scientifn 
specialists. For example, the obstetrician will haw 
a detailed knowledge of the perineal region: the 
opthalmologtHt, of the eye, and so forth. 

Regional anatomy is also of great importance t>. 
the surgeon; indeed, certain texts concerning tin- 
form of anatomy have been labeled surgical anat- 
omy. 

Although much information Tan be obtained from 
a study of a region, greater understanding and mr 
relation is possible if this approach is preceded 
by a consideration of the basic tissues of the bnd\. 
the manner in which they are formed, and the dis- 
tribution of the major systems. This is particularly 
true of the nervous and cardiovascular svstHii* 
since their relationships and distribution largeh in- 
flect embryologic development. 

Closely related to regional anatomy is topo- 
graphic anatomy, in which bony and soft tb-'i*' 
landmarks on the surface of the body arc u-cd t»* 
indicate the known location of deeper structure* 
An example would be the point halfway between 
the umbilicus and the anterior prominence of the 
right hip bone; this marks the approximate !<> ra 
tion of the vermiform appendix and is known 
McBurney's point. 

There are many methods of dividing the bod) 
into regions for study, and the following li*t 
areas indicates one means of classification. 

Head 

Scalp 

Cranium 

Intracranial region 
Meninges 
Brain 
Pituitary 



Andotito 397 


Face 

Orbits and contents 
Nose and related structures 
Mouth and related structures 
Deep structures of the face 
Pterygopalatine fossa 
Infratemporal fossa 

Neck 

Root of the neck 
Infrahyoid region 
Suprahyoid region 
Anterior triangle 
Posterior triangle 
Prevcrtebral region 
Vertebral region 
Thorax 

Anterior wall 
Mediastinum 

Pleural cavities and lungs 
Posterior wall and vertebral column 

Abdomen 

Abdominal walls 
Peritoneum and mesentery 
Ppper abdominal viscera 
Lower abdominal viscera 
Retroperitoneal structures 
Pelvis 

Bony pelvis 

Pelvic viscera, male 

Pelvic visceru. female 

Male perineum and external genitalia 

Female perineum and external genitalia 

l pper limb 
Shoulder 
Axilla 
I’pper arm 
Forearm 

Wrist and hand 
loner limb 

Gluteal region and hip joint 

Thigh 

Popliteal region 
Leg 

Ankle and foot 

It can readily he seen that the head, trunk, and 
extremities are the principal regions considered. 
Subdivision of these can be carried out, as illus- 
•rated in this outline, to the degree that large areas 
or especially vital regions are indicated. For the 
s P<*eialist, there is no end to the dividing and sub- 
dividing he can do if he so chooses and if it makes 
hh task eventually less difficult. 

gional anatomy is the natural and historical 
approach to the study of jiuman and animal forms. 
The ancient scientists did not know much about 
body systems, except through conjecture. They ap- 
P rr >ached the dissection of animals and cadavers in 
a manner intended to display the structures of some 
P ar L such as a limb. The integration of such in- 
formation led to the development of system anat- 
omy. [F..G.ST.] 


Andalusite 

A nesosilicate mineral, composition AlgSiOs, crys- 
tallizing in the orthorhombic system. It occurs com- 
monly in large, nearly square prismatic crystals. 

1 he variety chiastolite has inclusions of dark- 
colored carbonaceous material arranged in a regu- 
lar manner. When these crystals arc cut at right 
angles to the c axis, the inclusions form a cruciform 
pattern. There is poor prismatic cleavage; the 
luster is vitreous and the color red, reddish brown, 
olive green, or bluish. Transparent crystals may 
show strong dichroism, appearing red in one direc- * 
lion and green in another in transmitted light. The 
specific gravity is 3. 1-3.2; hardness is 7% on 
Mohs scale, blit may be less on the surface because 
of alteration. See Silicate minerals. 

Andalusite is one of three polymorphic forms of 
AhjSiO:., the others being sillimanite and kyanite. 
All three are found in aluminous met amorphic 
rocks hut each formed under different conditions. 
However, the transitions from one mineral to an- 
other are so sluggish that they may all exist to- 
gether. See Kvanite; Sillimanite. 

Andalusite was first described in Andalusia. 
Spain, and was named after this locality. It is 
found abundantly in the White Mountains near 
Laws. California, where for many years it was 
mined for manufacture of spark plugs and other 
highly refrac tive porcelain. Chiastolite. in crystals 
largely altered to mica, is found in Lancaster and 
Sterling. Massachusetts. Water- worn pebbles of 
gem quality are found at Minas Gerais, Brazil. 

[ c.s.Ht:.] 

Andesine 

A plagioclase feldspar with a composition ranging 
from AbroAnn,. to Ah-wAnso (Ab * NaAlSinOs and 
An = CaALSi-jO?. } . In the high-temperature state, 
andesine has albue-type structure. In the course of 
cooling, natural material develops a peculiar struc- 
tural state which, investigated by x-rays, shows 
reflections that indicate the beginning of an exsolu- 
tion process sometimes accompanied by a beautiful 
variously colored luster (labradorizing). If FejO* 
is present as thin flakes and oriented parallel to 
certain structurally defined planes, such andesine 
is called aventurine or sunstone. See Feldspar; 
Gem; Igneous rocks. [f.la.] 

Andesite 

Aphanitic (very finely crystalline or glassy) rook 
of volcanic origin, composed largely of plagioclase 
feldspar (oligoclase or andesine) with smaller 
amounts of dark-colored (mafic) minerals (horn- 
blende, biotite, or pyroxene). This dark-gray to 
reddish rock is chemically equivalent to diorite. 

Composition. Though cooled quickly to form 
the very fine texture, these rocks generally display 
relatively large crystals (phenocrysts), visible 
without magnification, which give the rock a por- 
phyritic texture. As abundance of phenocrysts in- 
creases, the rocks pass into andesite porphyry. 
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Well-formed (euhedral) phenocrysts are usually 
hornblende with or without biotite or pyroxene. 
Plagioclase as calcic as labradorite forms pheno- 
crysts in some andesites. More or less glass may 
occur in the matrix, but this is not as abundant as 
in rhyolite or quartz latite. See Porphyry. 

Most detailed features can be detected only with 
microscopic methods. Plagioclase crystals of the 
matrix are tiny (microlites) and of uniform com- 
position. Plagioclase phenocrysts commonly show 
zoning with calcium-rich cores and outer shells of 
progressively more sodium-rich feldspar. Oscilla- 
tory or reverse zoning is not uncommon. The matrix 
plagioclase is more sodic than that of the pheno- 
crysts. Potash feldspar, if present, occurs in the 
matrix. As it becomes more abundant the rock 
passes into latite. 

Black flakes of biotite mica occur usually as 
phenocrysts. They frequently have euhedral, hex- 
agonal outline and are more or less resorbed and 
corroded. If resorption is severe, only patches of 
dustlike iron oxide remain. Long prisms of deep- 
brown or green hornblende, more or less resorbed, 
commonly form phenocrysts. Relatively little horn- 
blende occurs in the matrix. Augite occurs both 
as matrix and phenocrystic material, but pheno- 
crysts of diopside or orthopyroxene are more com- 
mon. These show zoning commonly with magne- 
sium-rich centers and iron-rich margins. In some 
rocks the zoning is reversed. Pigeonite and soda 
pyroxene are less common. Olivine may he present 
in small quantities in the matrix or as phenocrysts. 
It is most abundant in andesites with compositions 
close to those of basalt. 

Quartz is generally absent; but as it increases in 
abundance, the rock passes into dacite. Feldspath- 
oids may be present in small amounts but ande- 
sitic rocks rich in these minerals are rare. Acces- 
sory minerals are usually magnetite, apatite, 
sphene, and zircon. 

Texture and structure. A streaked appearance 
or parallel arrangement of elongate minerals ( fhi- 
idal structure) due to flowage of the crystallizing 
lava may be seen in some specimens. This is more 
striking under the microscope where elongate mi- 
crolites of plagioclase in subparallel arrangement 
form lines and layers which deviate around large 
phenocrysts. Where felled aggregates of micro- 
lites occur, pilotaxitic texture is formed. If abun- 
dant glass surrounds the microlites the texture is 
hyalopilitic. Types composed of glass with abun- 
dant, scattered crystals are called vitrophyres. 
Vesicular structures may be abundant in some an- 
desites. These tiny cavities represent small pockets 
of gas or steam trapped in the congealing lava. 
They are frequently lined with crystals of tridy- 
mite and crbtobalite. 

Occurrence. Next to basalt, andesite is the most 
abundant type of volcanic rock. It occurs princi- 
pally as lava flows and tuffs and forms thick accu- 
mulations with basalt and rhyolite in the fold- 
mountain chains of the world. Less abundantly it 
forms small intrusive bodies such as sills, dikes, 


and volcanic necks. Present day, circum-lV ifo. 
volcanoes erupt andesite and related lavas. 

The lava from which andesite forms is generally 
considered to have developed by differentiation 0 f 
basaltic magma. Early formed crystals (riel, j n 
iron, magnesium, and calcium) in the rock rnHt 
may settle, thereby enriching the residual mHt j„ 
silica, alumina, and alkalies. .See Basalt; 
ous rocks; Magma; Petrographic proving • 
TUFK - |C.A.U.‘i 

Andreaeales 


An order of the mosses composed of one family, ihe 
Andreueaceae. The family has two genera, Andre, 
(tea, with approximately 122 species, and Nrun,. 
Ionia , which is monotypic. 

The glossy, dark-brown or reddish-brown i„ 
blackish plants grow in cushion* or tufts in th 
mountains on noncalcareous rock (on soil in antii 
regions) and are small, commonly 10 15 nun in 
height, 2 7 cm in some species. Dry plant* jr<- 
brittle. The slender stems are dichotomous, w ith 
fascicles of branches and basal rhizoid*. In miss 
section, the stern does not present evidence of 
cortex and central strand, although the wall- of 
outer cell* and innermost ceJN rna> differ -<im* 
what. 

The crowded leave* are small, thick, and npa<|ii>- 
in some species they are smooth, in other* papil 
lose. The costa i* present in some sp»*» ic- ami 
absent in others. Only \erv young leave- appear 
green. The leaves are uni*tratos»> to part I v bi-tra 
lose in cross section. The cells of the le ave- liaw 
thick walls; the median and lower are rectangular. 



Andreoeo petrophila, habit sketch. <From H. E 
Jaques, Plant Families , How to Know Them , 2d ed.. 
Brown , 1948) 

the basal often sintio.se, and the upper rounded «»r 
angular. The calyptra is delicate, membranaceous 
and envelops the sporophyte until the latter near- 
maturity. With age, the calyptra becomes lacerate 
at the base. The antheridia and archcgonia are ter 
minal on the same plant but on different branches 
the former on a long stalk and the latter on a “hurt 
one. The sporophyte has Jio functional *eta. 
pseudo podium, an elongation of the stem of { u 
leafy plant, substitutes for the seta, raising 
capsule beyond the leaves. The operculum aj 1 
peristome are absent. The cylindrical or ellip M,|f a 
to oval capsule opens lengthwise by four I occasion 
ally up to eight) slits, the pieces of the 
(valves) remaining united at apex and base. 
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columella ia persistent. The large, smooth to 
slightly papillose spores, approximately 34 /x in 
diameter, escape through these longitudinal open- 
ings. .See Anokkakohhya ; see also Musa. | w.ii.w. | 

Andreaeobrya 

\ subclass of the Musci which contains the single 
order Andreaeules. These plants have some char- 
acteristics in common with both Sphugnohrya and 
Euhrya, as well as with the Hepaticae. The plants 
resemble the true mosses in habit. Commonly 
they grow in small, compact, glossy cushions, but 
occasionally in loose tufts. Usually the plants 
range in height from 10 to IS mm. hut in some 
species from 2 to 7 cm. Their color varies from 
dark brown, dark reddish, or purplish to blackish. 


& 



Protonemo of Andreoea. (From F . Verdoorn , ed.. 
Manual of Bryology , Nijhofl, 1932) 


llicsc mosses may he found on siliceous or non* 

( :il« menus rocks, either in the siihalpine or alpine 
/ones of mountains, or on soil in an tic regions. 

The leaves aie usually closely arranged. The 
«>r midrib is present in some species hut ah- 
'»*nt in others. Tlic tells of the lea\es are small, 
n.iriow. rounded, oval, or quadrate and have thick 
walls The foot of the sporophvte or fruit is im- 
l»*dded in u pseudopodium and t seta is short or 
•ihsent. as in the Sphagnobrya. The capsule has no 
upcrculuni and opens by longitudinal slits as in 
'"me liverworts. Four ( rarely si\ to eight ) pieces 
l,r valves of the capsule are thus formed and are 
united at apex and base. Hygroscopic changes 
■ause the opening and closing of the slits so that 
T ( »re.s are liberated for dissemination. No peri- 
st(, nie is present in Andreaeobrya. which is also 
,r ue in Sphagnohrva. As in the Euhrya, the coin- 
,np lla and spores develop from the endothecium. 

in Sphagnobrya. the columella does not pene- 
irate the dome-shaped sporogenous layer. Upon 
^rmination, a spore of the Andreaeobrya may 
produce a much-branched, straplike protonema 
*ith rlii//)ids or a thallus closely resembling the 
protonema of Sphagnobrya. Buds may develop on 
l ^ e Margin or in the center of the protonema. From 
buds the leafy gametophyte develops. See An- 
^af.ai.fs; Euhrya: Sphagnobrya. [w.h.w.] 


Androgen 

One of a class of steroid hormones. Androgens play 
a major role in the development and maintenance 
of masculine secondary sexual characters, for ex- 
ample, the seminal vesicle and prostate gland of 
the male mammal, and the comb, wattles, and spur 
of the male fowl. They also influence certain other 
secondary sexual characters, such as hair growth 
pattern and voice quality in humans. In the fowl, 
they affect the pattern and seasonal coloration of 
its feathers, as well as crowing. In addition, andro- 
gens affect nitrogen metabolism (anabolic). An- 
drogens arc produced in the testis, ovary, adrenal, 
and most likely, in the placenta. A small portion of 
the androgen is from cortieoids. or adrenal cor- 
tex steroids, and from other Cjj steroids, such as 
progesterone. 

Androgen biosynthesis. Biosynthesis of gonadal, 
and a portion of adrenal, androgens proceeds pri- 
marily hv way of acetate, through cholesterol and 
several steroids, to testosterone. The testis pro- 
duces more testosterone than the rest of the body 
produces of other androgens. When androgens are 
produced by this pathway in the adrenal, one addi- 
tional reaction occurs, that is. the 11 (fi ) -hydroxyl- 
atioii of A 4 -androstene-3.17-dione. 

\ second possible pathway for androgen bio- 
synthesis involves the direct conversion of chol- 
esterol to tlie androgen dehydroepiandrosterone. 
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This compound on oxidation yields A 4 -andros- 
tene-3,17-dione, which in turn yields ll(/J)-hy- 
droxy-A 4 -androstene-3,17-dione. 

The peripheral biosynthetic pathway of andro- 
gen formation involves the conversion of 17(a)- 
hydroxylated C 21 steroids to androgens. Typical 
transformations include cortisol, which may be 
converted to 11 (/?)-hydroxy-A 4 -androstene*3,17-di- 
one; both 1 1-deoxycortisol, an adrenal product, 
and 17(a) -hydroxyprogesterone, from adrenal and 
gonadal sources, may be converted to A 4 -andros- 
tene-3,17-dione. 

Catabolism of androgans. This includes the for- 
mation of estrogens through a series of oxidation 
and reduction reactions. These catabolic reactions 
are shown for testosterone and A 4 -androstene-3,17* 
dione; they hold equally well, except for certain 


o 





N. 

nil 



quantitative differences, for the corresponding 11- 
oxygenated androgen, which is 11 (/?)-hydroxy*.V 
androstene-3,17-dione. See Estrogf.n ; Steroid. 

[ b.i.i>. j 

Androgenesis 

The development of an egg tinder the influence of 
the sperm nucleus, without tie participation of the 
egg nucleus. 

Spontaneous androgenesis occurs as a rare e>eni 
in nature. It is easily induced experimental!) h\ 
the following methods: (1) felimination of the egg 
nucleus from the fertilized e$g surgically, with mi* 
croneedles and pipets, (2) destruction of the egg 
nucleus in the unfertilized egg by radiation- 0 * 
(3) prolonged refrigeration of freshly fertile 

eggs- 
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Androgenetic development is usually haploid, 
..jnce the sperm nucleus contains a single, hap- 
juid set of chromosomes and genes. The great 
majority of haploid embryos, in frogs and sala- 
manders at least, become abnormal and retarded 
a i an early stage. They show microcephaly, diffi- 
cullies in blood circulation, and edema. They seldom 
begin to feed. Only two haploid salamander larvae 
have lived through metamorphosis. See Edema; 
Fertilization ; Gynogenk.sis; Mkrocony. [c.fa.1 

Andromeda Nebula 

The spiral galaxy of type Sb nearest to the Milky 
Wav system. This galaxy is a member of a small 
( |ii«-ter of galaxies known as the local group. This 
group contains also the Milky Way system, the Tri- 
angulum Nebula (M 33), the Large and Small 
Magellanic Clouds, NCC 6822, and several faint 
dwarf elliptical galaxies. 

The Andromeda Nebula, M 31 or NCC 224, is 
particularly important because it is close enough 
for its stellar and other content to lie studied in 
great detail. Observations show that the Great 
Vhiila M 31 contains bright blue stars of absolute 
magnitude - ■< —9.0, Cepheid variable stars, 
bright Mipergiant red stars, clusters of stars (both 
globular and open), planetary nebulae, normal 
novae, gas, and dust. 

The approximate distance to M 31 is known from 
the apparent luminosities of the Cepheid variable 
-tar-. ( see Vahiam.k star). The period-luminosity 
relation for Cepheid* combined with the apparent 
brightness of these stars gives a distance of about 
2.r>()0.000 light years. The accuracy of this value 
depend* on the uncertain calibration of the period- 
luminosity relation for Cepheid*. 

The mujor axis of the photographic image of 
M ill is 200 minutes of arc to an isophotal level of 
-'•) magnitudes per square second of arc. This corre- 
sponds to a linear diameter of 150.000 light years 
if the distance of 2,500,000 light years is adopted. 

The nebula is rotating about its center with a pe- 
riod of about 2 X 10 fc year*. The evidence comes 
from radial velocities of selected objects in its disk. 
This rotational period, combined with the diameter, 
nives the mass of M 31 as 10 11 solar masses. The 
t f »tal number of stars is greater than 2 X 10 n . The 
luminosity in the wavelength range from A - 3900A 
{u A = 5000A is M« “ —20.3 which corresponds 
,f ‘ 2 X 10 n equivalent Sun*. All studies show that 
^ 31 is typical of other regular spiral galaxies of 

Sb das*. See Galaxy, external. fA.R.s.] 

Anechoic chamber 

enclosure in which, essentially, an acoustic free 
Wd exist* ( see Free field). It is also called free- 
^ room and dead room. Free-field conditions can 
” c approximated when the absorption by the bound- 
ari esof the room approach 100%. To reduce sound 
^fleeted by the boundaries, and hence echoes, to a 
the absorption coefficient must be high 
? n< * the surface areas of the boundaries should be 
Wge. 



Interior of echo-free chamber of the National Bureau 
of Standards. Wedges of matted glass fibers which 
line the walls, ceiling, and floor absorb about 99% 
of incident sound energy over most of the audio-fre- 
quency range. A horizontal net of thin steel cables 
permits personnel to walk about in the room just above 
the floor wedges. The room is used primarily for the 
calibration of microphones and other acoustic devices. 

( National Bureau of Standards) 

The absorptive material usually installed in such 
rooms consists of glass fibers or mineral wool held 
together with a suitable hinder. In order to achieve 
large surface area, parallel “blankets” of absorp- 
tive material are sometimes used to provide a wall 
construction of considerable thickness. Other types 
of wall construction (see illustration) include long 
wedges of absorptive material, the base of which is 
usually between 8X8 in. and 8 X 24 in.; these 
wedges resemble stalagmites and stalactites. See 
Absorption (sound); Reflection (sound). 

[ C.M.H.] 

Anelasticity 

Defined by C. Zener as that property of solids by 
virtue of which stress and strain are not single- 
valued functions of one another in low stress 
ranges, that is. stress ranges in which no permanent 
set occurs and in which the relation of stress to 
strain is still linear. Anelastic effects therefoie 
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differ from plastic effects in that they occur below 
the stress which causes permanent set, but like 
plastic effects, they may be accompanied by time- 
dependent phenomena, particularly creep, recovery, 
and stress relaxation. See Elasticity ; Plasticity. 

Anelastic effects are of importance in the be- 
havior of many materials, particularly high poly- 
mers and metals. In the latter case, they can pro- 
vide valuable information on the microstructure as 
affected by the presence of slip bands, grain bound- 
aries, and twin interfaces. 

The behavior of anelastic bodies can be de- 
scribed in terms of models consisting of viscous 
elements, represented by dashpots, and elastic ele- 
ments, represented by springs, connected in series, 
in parallel, or in some series- parallel combination. 
As an example, a spring and a dash pot in series 
subjected to an applied load will deform instan- 
taneously because of the presence of the spring. If 
the load is maintained, the over-all deformation 
will increase slowly because of the presence of the 
dashpot; when the load is removed, the spring re- 
covers its original length. This particular model 
therefore displays creep, instantaneous deforma- 
tion, and recovery. With the aid of more elaborate 
models, more complex behavior can be described. 

The stress-strain curve obtained when an anelas- 
tic material is loaded differs from the unloading 
curve. Thus the material exhibits mechanical hys- 
teresis and the area between the two curves repre- 
sents a loss in energy. As the rate of loading and 
unloading is increased, the conditions for vibration 
if the specimen become established, and the spe- 
cific energy loss is defined as (energy loss per 
cycle) /(total energy of vibration per cycle). 

The study of the vibration chacteristics of ma- 
terials forms a widely used method for exploration 
of their anelastic properties, jn addition to ihe 
measurement of creep, recovery, jand stress relaxa- 
tion. The fact that a proportion of the energy is 
lost in each cycle means that the vibration is 
damped; the amplitude of free vibration gradually 
decreases with time, and the damping can he ex- 
pressed as the logarithmic decrement, the natural 
logarithm of the ratio of amplitudes in successive 
cycles. The logarithmic decrement, equal to half 
the specific energy loss, may be measured directly 
in free vibration by observation of the decay in 
amplitude, or in forced vibration by observation of 
the width of the resonance curve, that is. the curve 
showing the variation in amplitude with ffpquency 
in the region of the resonant frequency. See Creep 
of materials; Damping; Mechanical vibration; 
Metal, mechanical properties of. [‘r.f.s.h.] 

Bibliography. C. Zener, Elasticity and Anelas - 
ticity of Metals , 1948. 

Anemia 

A condition in which there is either a decrease in 
the numbers of circulating red blood cells or of the 
hemoglobin they contain. Although classifications 
of anemia vary, all forms fall into one of two main 


types, those in which there is excessive red cell 1 0SS 
or destruction, and those marked by a decrease i n 
red cell formation. 

Blood loss anemias are of two types, those foj. 
lowing an acute hemorrhage, and those resulting 
from chronic blood loss. The latter, over a period 
of time, will cause depletion of the iron reserve 0 f 
the blood necessary for hemoglobin synthesis so it 
represents an iron deficiency anemia. See Hem oh. 
rhace. 

The hemolytic anemias are marked by excessive 
destruction of red blood cells from one of several 
causes. In certain instances, defective red cell for- 
mation renders the cell more susceptible to injur\. 
This is true of congenital hemolytic anemia, sjrkir 
cell anemia, thalassemia, and other types which re- 
sult from hereditary defects reflected in abnormal 
red cell production. .See Circulation disorders. 

Hemolysis of red cells can also be caused by bac- 
terial toxins, certain chemicals such as lead and 
sulfonamids, and hv some snake venoms. The he- 
molysis seen in transfusions of incompatible hlood 
results from a destructive interaction between th<- 
red cells and some serum factor of the donor. 

The principal forms of anemia marked b\ a de- 
crease in red cell formation are iron deficiency and 
pernicious anemia. 

Iron deficiency anemia. Iron deficiency anemia 
appears in several forms, such as the anemia of 
pregnancy and senility, but all are marked hv the 
lack of iron necessary to synthesize adequ.'iir 
amounts of hemoglobin. These anemias are inark«*d 
by the presence of smaller f microcytic I . le--s pig- 
mented (hypochromic) red cells and a h\poacti\r 
bone marrow. This group constitutes the most nmi- 
mon form of anemia, particularly in those with <i 
chronic nutritional deficit or with chronic blood 
loss. In many cases, even though the dirt is adr 
quate, iron cannot be absorbed through the ilige-. 
live tract because of dysfunction associated vv ith 
hypoacidity, prolonged vomiting, or other factor- 

The clinical courses of iron deficiency anemia- 
vary greatly, depending on the age. nutritional hah 
its, and associated disease states of the patient. The 
symptoms are generally nonspecific, with weak- 
ness, malaise, pallor, and fatigability being present 
most often. 

Pernicious anemia. Pernicious anemia result- 
from the absence of certain factors which are re 
quired in the development and maturation of tin* 
red blood cell. These factors have been called the 
extrinsic factors, present in beef, liver, egg*, fln( * 
other food. It is probably vitamin Biz or an ana- 
log. The second, intrinsic- factor, is a substame , 
formed in the normal stomach which promotes the 
absorption of the extrinsic factor. Therefore, if 
diet is adequate, the principal defect in perniciou* 
anemia is the lack of the intrinsic factor. 

The clinical course of pernicious anemia is ufi “' 
ally a slowly progressive one which may at first f 
marked only by vague constitutional sympton^* 
Later, if treatment is not given, there may be m 
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volvcment of the digestive tract, bone marrow, and 
central nervous system. The stomach shows atrophy 
and gastritis is often present. A characteristic fea- 
ture is ^e appearance of a red, shiny, smooth 
tongue. In advanced cases, degeneration of the spi- 
nal cord tracts and sometimes of the sensory gan- 
glia or peripheral nerves leads to weakness, diffi- 
culty in walking, a loss of vibratory sense, and 
abnormal sensations called paresthesias. See Sen- 
sation. 

Adequate treatment in early stages leads to a 
complete recovery; in advanced cases, tissue dam- 
age. even though arrested, may have been severe 
enough to cause permanent disability. 

Other anemias. Other forms of anemia are rec- 
ognized. In some cases there is not only a depres- 
sion of red cell formation hut also a reduction in 
both the white cells and platelets of the bone mar- 
row. This total inhibition of cell production is 
called pancytopenia and may he caused by many 
agents, including ionizing radiation, chemicals, 
and even certain therapeutic drugs in an occa- 
sional case. See Radiation biochemistry. 

Not uncommonly an anemia results from the im- 
pingement of some other lesion upon the blood 
forming tissues. This is seen most often when there 
are widespread met aliases of malignant tumors of 
the breast, lung«c pi.«Vate. or a form of leukemia. 
This myelophthisic anemia results, then, from ac- 
tual displacement by other tissue; often there i< an 
associated alteration in other tissue. However, 
-ince there is seldom n widespread reactivation of 
the adjacent hone inarrow fat to hematopoietic tis- 
sue. this mechanical displacement may be accom- 
panied by deleterious effects on the hone marrow 
which cannot as yet be determined. See Hkmatopoi- 

ISIS. 

Other types of anemias are found in association 
w ith some severe cases of liver disease, in sprue, 
“tcatorrhea, some parasitic infestations, malaria, 
and in some patients with either a pituitary or thy- 
roid deficiency. These anemias, in addition to those 
mentioned above, indicate the wide range of condi- 
tions and etiologic agents in which some form of 
red cell or hemoglobin deficit may be encountered. 
W Hf.matoi.ocic disorders; Hemoglobin. 

[e.g.st.] 

Anemometer 

A device which measures the magnitude of air 
velocity. Anemometers are commonly known as the 
devices which measure wind magnitude, but they 
are used to measure the rate of flow of air or of 
f >thcr gases in other applications — in wind tunnels 
and on aircraft, for example. The most common 
typtss are the cup, vane, propeller, and hot-wire 
anemometers. See Air-velocity measurement. 

Cup anemometer. This is widely used to meas- 
Uf e horizontal wind speed. The use of three hemi- 
a pherical cups mounted on a vertical shaft is 
R tandard in the United States. Horizontal wind 
s P fe d* independent of direction, is measured. Com- 


monly the cups rotate a worm gear which operates 
an electric contact every mile of wind, or fraction 
thereof. These contacts are recorded on a chart 
driven at constant speed. From the number of con- 
tacts in a selected time interval the wind speed is 
deduced. Since the number of cup revolutions per 
mile varies with wind speed, particularly at low 
speeds, a correction must be made. 

Wind speed practically independent of air den- 
sity is directly obtained if the cups rotate an elec- 



Fig. 1. Rev. Iving-cup electric anemometer. (From 
0. M. Co nsidine, ed., Process Instruments and Controls 
Handbook , McGraw-Hill, 1957) 

trie generator, as in Fig. 1. The generator must op- 
erate on a minimum of torque to obtain any valid 
indication at low' wind speeds. The generator out- 
put. in some designs amplified, is fed into an elec- 
tor indicator calibrated in w f ind speed units. 

Vane anemometer. This portable instrument is 
used to measure low wind speeds and airspeeds in 
large ducts. It consists of a number of vanes radiat- 
ing from a common shaft and set to rotate when 
facing into the wind (see Fig. 2). A guard ring 
surrounds the vanes. The vanes operate a counter to 
indicate the number of rotations, which, when timed 



Fig. 2. Revolving-vane anemometer. (From 0. M. Con- 
sidine , ed.. Process Instruments and Controls Hand - 
book, McGraw-Hill, 1957) 
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with a stop watch, serve to determine the speed. 
The parts are made of lightweight materials; fric- 
tion is kept low to obtain reliable measurements. 

Propeller anemometer. This is of limited use in 
measuring aircraft air speed, or air velocity. A wind 
vane must be used to keep the propeller headed 
into the aircraft air stream, with resulting compli- 
cations. Generally the propeller operates an elec- 
tric generator of some form, as in Fig. 3. The signal 
from the generator operates an electric indicator 
calibrated in speed units. 



Fig. 3. Propeller-type electric onemometer. (From 
O. M. Considine, ed., Process Instruments and Controls 
Handbook , McGraw-Hill , 1957) 

Hot-Wire anomometer. This is used principally 
in research on air turbulence and boundary layers. 
A short, fine wire installed on the surface of the 
airfoil is heated. Local variations in the air speed 
> ause the wire to heat or cool, resulting in changes 
in its electric resistance. Either the voltage across, 
or the current through, the wire is held constant. 
The other quantity will vary with the local air 
speed and is a measure of the fluctuations in air 
speed. The fragility of the wire* limits the number 
of successful applications. T^.c.b.] 

Anesthetic 

A drug which induces loss of sensation. Local an- 
esthetics affect sensation only in the region to which 
they are applied while general anesthetics induce 
unconsciousness and suppression of sensory im- 
pulses to the cerebral cortex. See Brain. 

Examples of local anesthetics are the ancient 
drug cocaine and newer, often synthetic prepara- 
tions, such as Novocain, Dibucaine, Tetracaine, 
and ethyl chloride. Ethyl chloride is a volatile liquid 
that produces its effect by refrigeration when ap- 
plied locally in a spray. Other local agents, like bel- 
ladonna, act on sensory nerve endings, or as coun- 
terirritants, like oil of wintergreen. See Bella- 
donna. 

Genera] anesthetics produce a progressive de- 
pression of the central nervous system. Many com- 
pounds are used for their individual effects, range 
of activity, duration, and for various medical con- 
ditions. Some are volatile liquids, like ether and 
chloroform. Others are gases, like nitrous oxide, 
ethylene, and cyclopropane. Various types of anes- 
thetic delivery equipment have been developed to 


permit maximum safety and effectiveness. See Cf.n. 

TRAL NERVOUS SYSTEM. 

Nonvolatile drugs may be given by injection or 
by intravenous infusion. Pentothal, Evipal, and Pro. 
caine are examples in common use. 

Other types of preparations such as drugs for 
sedation, muscle relaxation, and other effects 
needed when anesthetics are administered are used. 

The stages of anesthesia vary with different 
agents but principal features are quite similar. An 
irregular, descending paralysis of the central nerv. 
ous system is produced after the sensory cortex is 
suppressed. This paralysis successively affects the 
basal ganglia, the cerebellum, and then skips the 
medulla to next suppress the spinal cord. This skip- 
ping effect is most fortunate since the medulla con- 
tains the vital respiratory, cardiac, and vasomotor 
centers. (k.l.m.I 

Aneurysms 

Localized dilatations of arteries due to a weaken 
ing of the vessel wall. Aneurysms are classified a- 
true and false. The wall of a true aneurysm is com- 
posed of some layer of the original vessel, w hilr- a 
false aneurysm is a blood-filled space communi- 
cating with an artery through an abnormal open- 
ing. False aneurysms are lined by both a blood dut 
and compressed surrounding tissues and arc fre- 
quently the result of trauma or spontaneous rup 
ture of a true aneurysm. Among the causes of 
aneurysms are arteriosclerosis, syphilis, degeneia- 
tive changes and cystic necrosis of the media id 
vessels, trauma, bacterial infections, arteritis ami 
congenital deformities. See ^Circulation m*on 
debs; Syphilis. 

Arteriosclerotic and syphilitic aneurysms are I In- 
most common types and involve principally the 
thoracic und abdominal aorta. Thoracic aneuiyMii- 
commonly compress and erode various structure- 
as they expand. They may erode into the lungs or 
bony spinal column, or through the anterior oheM 
wall and show externally as a pulsating mav 
Aneurysms become lined with successive layers of 
thrombus or clotted blood, which unfortunateh 
offer no protection against the blood pressure. The 
aneurysmal wall continues to expand and finall' 
ruptures, usually with fatal hemorrhage. A les fc 
common type of aneurysm is the dissecting aneu- 
rysm of the aorta, in which blood enters the wall 
of the vessel, separating it into two layers, thus- 
creating a new channel. The aneurysm can dissect 
for varying distances along*; the aorta or its m a i°J 
branches. Hypertension is a. frequent forerunner of 
dissecting aneurysm, and local degenerative an 
necrotic changes are foun| in the media of the 
vessel wall. Perforation through the outer layer <» 
the aorta with hemorrhage And sudden death is * * 
usual outcome. Congenital^ or “berry” aneurysm* 
occur in vessels of the braijn and are probably ** 
velopmental in origin, duetto defects in the mu* 
cular coat of the arteries at their angles of 
tion. Rupture of these aneurysms accounts for t e 



majority of spontaneous, nnntraumatic Huharach- 
noid (intracranial) hemorrhages. .SYc Hemor- 
h ii age; Thrombosis; see also Cardiovascular 

SYSTEM. [ F.A.CA.] 

Angina pectoris 

\ clinical complex characterized by various dc- 
grees of typical chest pain which occurs in sudden 
attacks. The chest pain may he accompanied by 
oilier symptoms, notably pain or discomfort of the 
arms, shoulders, or other sites. These symptoms 
are most often induced by some physical or emo- 
tional stress and subside promptly, in most cases, 
with rest or appropriate therapy. 

The most common occurrence preceding an at- 
tack of angina is any change which may cause a de- 
crease of blood supply to the heart muscle or sud- 
den extra demands on the heart so that there is a 
iclative inadequacy of blood. Arteriosclerosis fre- 
quently is responsible for the narrowing or partial 
occlusion of one of the coronary arteries or 
branches, but other contributing factors «uch as 
diabetes mellitus, familial incidence, and emotional 
stress arc examples of the wide range of disorders 
which may set the stage for an anginal attack. 

Treatment is usually quite effective, and the 
prognosis is fuvoiabfe, particularly if the patient 
develops the proper attitude (that is, makes a good 
adjustment ) toward the disorder. The attacks, al- 
lhough dramatic in nature, do not necessarily cause 
death because prompt rest or treatment will avert 
further damage to the heart muscle. See Heart dis- 
orders. [ E.C.ST.l 

Angiospermae 

\ class of seed plants consisting of approximately 
250.000 widely distributed species, or about fi\e- 
"evenths of all known plants. A division of the sub- 
phylum Pternp&ida, the Angiospermae is the most 
abundant, dominant, and economically important 
(las<* in the plant kingdom. These plants, ranging 
from tiny herbs to gigantic trees, have true roots, 
stems, and leaves. They have vessels (water-con- 
ducting structures) in the xylem (wood) in con- 
trast to most gymnosperms (.see Gym nosperm af, ) . 
The position of the angiosperms in the plant king- 
dom is given in the following classification : 

^ubphylum Pteropsida 
.Class Filicineae 
Class Gymnospermae 
Class Angiospermae 
Subclass Monocotyledoneae 
Subclass Dicotyledoneae 

$ee separate articles on each of these groups. 

nowar. The angiosperms are often called flow- 
er,n R plants since the flower is such a characteristic 
feature. In the flower the ovules are enclosed by 
r arpcls. The enveloping carpels form a protective 
r °vering for the ovules and developing seeds. The 
^gasporophylls (large spore leaves) constitute 
l " e Pfetil, which is the basic element of the gynoe- 
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cium (female part) of the flower. This bears a 
stigma, to which the pollen may become attached. 
The microsporophylls (stamens), the basic ele- 
ments of the androecium (male part) of the flower, 
produce the pollen (Fig. 1). 



Fig. 1. A diagrammatic longitudinal section of a 
complete hypogynous flower showing its condition at 
the time of fertilization. (From H. J. Fuller and O. 
Tippo, College Botany , Holt , 1954) 


In the usual flower, carpels and stamens are sur- 
rounded by one or two whorls of sterile leaves 
which constitute the perianth (floral envelope). 
The outer whorl of the perianth is the calyx 
( sepals l and the inner is the corolla (petals). 
In some flowers (apetalous), the perianth con- 
Ni-ts only of the » alyx; while in others (naked flow- 
ers). there is no perianth. This assemblage — 
perianth, gynoecium, androecium -in whole or in 
part, is called the flower. See Flower (botany). 

Reproduction. In reproduction there is an al- 
ternation of generations in which one generation, 
the sporophvte (seed- producing or asexual genera- 
tion I is large, showy, and independent (can make 
its own lood except for a brief early period). The 
alternating generation, the gametophyte (sex-cell- 
producing generation), is small, inconspicuous, 
and dependent upon the sporophyte for sustenance. 
Many angiosperms v an propagate asexually by 
means of root, stem, or leaf cuttings. See Repro- 
duction, plant. 

The first verified angiosperm fossils appear in 
the Cretaceous (see Geology). Because no earlier 
transitional forms have been discovered, the origin 
of the angiosperms is not certain. It is believed that 
they must have evolved from the Cycadofilicales 
or similar plants (see Cycadofilicales). 

Angiospermae is divided into two subclasses. 
The first, Monocotyledoneae, contains plants hav- 
ing seeds with one cotyledon, or seed leaf, and in- 
cludes grasses, lilies and orchids. The second. 
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Fig. 2. Longitudinal sections through (a) Captolla 
burta-potiorii showing an older embryo with two coty- 
ledons which are characteristic of dicot angiosperms 
(from f. W. Emorson, Basic Botany 2d ed., Biakitton, 
1954); and (b) a pine s#ed f a gymnosperm, showing 
several cotyledons (from H. J. Fuller and O. Tippo, 
College Botany, Holt, 19541. 


Dicotyledoneae (Fig. 2). contains plants with two 
cotyledons and includes species such as oaks, 
pies, roses, beans, and tomatoes. See Dicotylf. 
donkak; Monocotyledonf.ae; see also p UN ^ 

KINGDOM. fi, , ) s | 

Bibliography : A. J. Fames, Morphology 0 f t ^ 
Angiosperms . 1961; C». H. M. Lawrence, Taxonomy 
of Vascular Plants , 1951; C. R. Metcalfe, Anatomy 
of the Monocotyledons , vol. 1, 1960; C. R. Metcalfe 
et al.. Anatomy of the Dicotyledons , vol. 2, l%u. 

Angle 

The word angle is commonly used with three 
different meanings, geometric, arithmetic, and al- 
gebraic. Also, there is a distinction made between 
angles formed by lines (rays) and angles formed 
by planes. 

Geometric angle. An angle (in the gcornetrir 
sense of the term) is a geometric figure formed h\ 
two rays that have a common vertex ( Fig. 1 ) T| ie 


Fig. 1. Geometric angle. 

two rays are called the sides of the angle. Tm. 
angles are equal if and only it they are congruent 
A straight angle is one whose sides lie in the same 
straight line, hut do not coincide. All straight angle- 
are equal. Three rays having a common \ertex hum 
three angles. If one of these angles is a straight 
angle, the other two angles are called supplemen- 
tary. If two angles that are supplementary arc al-o 
equal, each is said to he a right angle. The line- 
forming the two sides of a right angle arc said to lie 
perpendicular or orthogonal or normal to each 
other. All right angles are equal. If two lines inter- 
sect, the pairs of adjacent angles are supplemen- 
tary and the pairs of vertical angles (opposite 
angles) are equal. 

Angle measurement. An angle in the arithmetic 
sense is a number that measures the size of a geo- 
metric angle. It is commonly expressed in de- 
grees (°), minutes (')• and seconds ("), where 
60" - 1', 6^ - 1°. A right pngle is 90°; a straight 
angle is 180°. A geometric pngle may be measured 
by a flat instrument called ’a protractor, on whir 
a semicircular arc is evenljr subdivided by mark? 
into 180° parts and the extremities of the arc are 
connected by a line whose midpoint is marked a* 
the center. If the protractor is laid over a geometric 
angle with this center at the vertex of the ang 
and with the 0° mark on one aide of the angle* t 
the number of degrees in the angle can be rea 0 
at the point where the semicircular arc intersec » 




tin* other side of the angle. Sec Protnactkr. 

If three rays with a common vertex all lie in the 
*amc half plane, the largest of the three angles that 
thev form is said to be the sum of the other two. If 
three ravs with a common vertex lie in the same 
plane hut do not all lie in the same half plane, the 
Mim of the three angles that thev form is equal to 
tour right angles, or 360°. Two angles are com- 
plementary when their sum is 90°. They are sup- 
plementary when their sum is 180°. The total an- 
gular magnitude about a point is 360°. 

Directed angles. Juu as two points A and B de- 
termine a geometric figure | AH] railed a line segment. 

i denominate numl»er AB called it* length, and an 
— * 

ilet'hntie signed (Quantity AB calk'd its directed length. 
mi two ravs and UJ(tf). emanating from a 

>‘»mmoii vertex (). determine not only a geometric 
ticure / AOB but also both an arithmetic quantity 
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A OB and an algebraic signed quantity AOB , 
which measure the figure. The word angle, in the 
second sense, means the number of angular units, 
commonly between 0° and 180°, assigned as a measure 
of the sector formed, or of the circular arc inter- 
cepted, by the two rays. This is denoted by 2$. A OB. 
In the third sense, the word angle is used to denote a 
signed measure 2$. AOB, which may he positive, zero, 
or negative, without limit in size, and which, if ]0(A). 

T 0(B). \(){C) are any three coplanar rays with com- 
mon vertex, satisfies the equations 

\ A()B - -\B()A %AOB+ %-BOC = 2 {AOC 

In this third sense an angle is not determined by its ‘ 
sides alone. An order must be assigned to the sides 
so that one is the initial side and the other the 
terminal side, a positive direction of rotation mu*t 
be assigned in the plane of the angle, and an integer 
n, positive, negative, or zero, must be assigned such 
that the angle is greater than or equal to n com- 
plete revolutions of four right angles but less than 
n t 1 complete revolutions of four right angles. In 
mathematical texts the usual method of assigning 
the positive direction of rotation in a sensed plane 
i* to define »t as the counterclockwise direction 
(opposite to that of the hands of a clock) when 
viewed from the positive side of the plane ( Fig. 2l. 

Bisectors. A ray (half line) that divides an an- 
gle into two congruent parts is said to bisect the 
angle. The locus of a point equidistant from two 
gi\en intersecting lines is a pair of mutually per- 
pendicular lines bisecting the angles formed by 
tb^e lines. The bisectors of the three interior 
angles of anv triangle meet in a point called its 
incenter. Anv one of these interior bisectors meets 
the bisectors of the two opposite exterior angles of 
the triangle in a point called an excenter. The in- 
center and the three excenters are four points that 
are equidistant tiom the three sides of the triangle, 
and are the centers of the inscribed and escribed 
circles that are each tangent to three sides of the 
triangle (Fig 3). See Dihedron; Geometry, eu- 
clidean; Radian measure: Trigonometry, plank: 
Trihedron. Ij.s.k.] 

Bibliography: J. S. Frame, Solid Geometry, 1948. 

Angle modulation 

Modulation in which the angle (entire argument) 
of a sinusoidal carrier is the parameter changed 
by the modulating wave. This variation in angle 
mav he related to the modulating wave in any 
j : edetermined unique manner. Frequency and 
phase modulation are particular forms of angle 
modulation. Often the term frequency modulation 
is used to connote angle modulation. For example, 
as the frequency of a sinusoidal signal input 
sweeps across the program frequency band, the 
output of a typical FM (frequency-modulation) 
broadcast transmitter varies from almost pure 
phase to almost pure frequency modulation, and in 
between the angle changes some other way. See 
Frequency modulation; Modulation; Phase 

MODULATION. [H.S.BL.] 



406 Anflttift 


Anglesite 

A mineral with the chemical composition PbSC> 4 . 
Anglesite occurs in white or gray, orthorhombic, 
tabular or prismatic crystals or compact masses. It 
is a common secondary mineral, usually formed by 
the oxidation of galena. Fracture is conchoidal, 
and luster is adamantine. Hardness is 2.5-3 on 
Mohs scale and specific gravity is 6.38. Anglesite 
fuses readily in a candle flame. It is soluble with 
difficulty in nitric acid. The mineral does not occur 
in large enough quantity to be mined as an ore of 
lead, and is therefore of no particular commercial 
value. Fine exceptional crystals of anglesite have 
been found throughout the world. In the United 
States, good crystals of anglesite have been found 
at the Wheatley Mine, Phoenixville, Chester 
County. Pennsylvania, and in the Coeur d’Alene 
district of Shoshone County. Idaho. [ e.c.t.c.] 

Angstrom 

A unit of length, lO* 10 meter, used primarily to ex- 
press the wavelengths of optical spectra. This unit 
was named for the Swedish physicist A. J. Ang- 
strom, who in 1868 first attempted to measure wave- 
lengths of light in metric units. 

In 1958, an Advisory Committee on Redefining 
the Metre recommended that the meter be defined 
as exactly equal to 1.650,763.73 wavelengths in 
vacuo of orange-red radiation (6057.80211 A) from 
krypton-86 gas under certain conditions, the wave- 
length of this radiation having been derived from 
?hat of the red radiation from cadmium vapor con- 
verted to its vacuum value. This definition was 
adopted by the General (International) Confer- 
ence on Weights and Measures on October 14, 
1960. The primary standard of wavelength is thus 
now identified with that of length, and the angstrom 
is exactly equal to 10 lo meter. See Wavelength 

STANDARDS. fw.F.M. | 

Anguilliformes 

A large order of actinopterygian fishes containing 
the true eels. This group is also known as the 
Apodes. The chief characters include a pectoral 
girdle which, when present, is free from the head 
and suspended from the vertebral column ; absence 
of a posttemporal bone; the pectoral fin which may 
be present or absent; absence of a pelvic fin and 
girdle, in Recent forms; swimbladder with a duct; 



American eel, Anguilla rostrato. (After G. 8. Goode, 
Great International fisheries Exhibition , London, 1883, 
U S. Natl. Museum 8ulL 27, 1884) 


premaxillae, prefrontals, and mesethmoid f Us( . ( j 
into a tooth-bearing bone that separates the nig*, 
illae; no fin spines; elongate body, with numerous 
vertebrae; scales which may be present or absent- 
paired orbitosphenoids ; no mesocoracoid ; small 
opercle; and restricted gill apertures. 

Eels, which date from the Upper Cretaceous. an , 
classified in about 20 Recent families and llo 
genera, and there are several hundred spends 
They abound in tropical and subtropical shore 
waters of all seas, and some forms live in rojj 
water or in deep seas. The well-known Ameriran 
and European eels spend most of their lives fr* 
fresh water, then migrate to the open Atlantir t 0 
spawn and die. See Actinoptkrycii. [h.m.b.| 

Angular frequency 

A measure of the rapidity with which a sinusoidalK 
varying phenomenon takes place. Angular fre- 
quency is given by the relation 


o) - 2ir/ * 


2k 

T 


where / is the frequency in cycles per second of tin- 
sinusoidally varying phenomenon, T[ =1 '/) i“ the 
time for one complete cycle, and <n is the angular 
frequency expressed in radians per second. Tin- 
term angular frequency is used prirnnril* in con 
nection with harmonic motions and phenomena 
which are described in terms of them. See Hah 
monic motion; see also Frequency (WA\r \|M 

TION ) . i r K.ll j 

Angular momentum 

Momentum resulting from rotation. Classical!*, a 
particle of mas- m with velocity v and position 
vector r is said to have an angular momentum ahmil 
the origin of r given by 

L = m(r x v) «r xp 

where p is the linear momentum. In terms of the 
angular velocity <*> of the particle about the origin 
the angular momentum can be written 


where / is the moment of inertia of the particle 
Because / is the analog of mass for angular motion, 
the analogy of angular with linear momentum i- 
clear. The angular momentum of a system of par- 
ticles (a rigid body, for example) is obtained h) 
summing (vcctorially) the angular momenta of the 
individual particles. The importance of the quan- 
tity in classical mechanic* derives from the far* 
that it is conserved (remains constant) through- 
out the motion if no external torques are apphe 
See Conservation of momentum; Moment or 
inertia; Momentum; Rhsid-body dynamics. 

Quantum mechanically, the angular momentum 
is gtven in terms of the eigenvalues of the operator 
which is the quantum anafag of r x p. The eig cn 
values of the operator L 3 are 

L a - L(L + 1) (A/27t) 3 
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where L - 0, 1, 2, . . . , is an integer, and h is 
Planck's constant. Note that A has the dimensions 
0 { angular momentum. 

The total angular momentum is conserved in 
quantum mechanics as in classical mechanics, but 
it turns out that L is not the total angular mo- 
m enium. Among other particles, the electron, pro- 
ton, and neutron possess an intrinsic angular mo- 
mentum (not expressible in terms of r and p). 
This so-called spin angular momentum, or spin, 
adds (quantum vectorially) to L to form the total 
angular momentum /. For the particles mentioned, 
the spin S is Y»(h/2ir ) ; that is, S 2 — S(S 4- 1) *= 
(a/2tt)*. 

Many of the selection rules governing quantum- 
mechanical systems are consequences of angular 
momentum conservation. See SEi.er.TioN riji.es 
i physics) ; see also Atomic structure and spec* 
tha; Quantum mechanics; Spin (quantum me- 
chanics). | m.h.h. 1 

Anharmonic oscillator 

\ system that oscillates with a periodic motion 
that is not simple harmonic. An oscillator is en- 
harmonic if the restoring force opposing a dis- 
placement from the position of equilibrium is a 
nonlinear function of the displacement. The free 
motion of such an may be a complicated 

function of time. It is periodic, but with a period 
that depends on the amplitude. A damping non- 
linearity in the velocity can also give rise to anhar- 
mnnicil) in an oscillator. 

If an anharmonic oscillator is driven by a force 
with a time dependence 

F *» Fo cos (2^ r/n 



'^atomic force F as a function of tho atomic sepa- 
r °ti°n r. Anharmonicity It produced by the departure 
the actual force (tolid curve) from the dashed line, 
'he position of static equilibrium K is the mean posi- 
*** only to the extent that the vibrations are har- 
monic. 


the resulting steady-state motion will involve not 
only a response with frequency /, but also overtones 
whose frequencies are integral multiples of f, and 
in certain cases subharmonics with frequencies 
that are rational fractions of /. 

Many oscillators that are approximately har- 
monic for sufficiently small amplitudes become an- 
harmonic for larger motions. The thermal expan* 
sion of solids is attributed to the nonlinear forces be- 
tween atoms (see illustration). Small atomic vibra- 
tions (at low temperatures) are harmonic, and are 
centered about the static equilibrium distance. As 
the temperature rises, the amplitude of atomic oscil- 
lations increases, and the oscillations become an- 
harmonic. One consequence is that the resulting 
motions are unsymmetric, and the mean separation 
between atoms increases beyond the static equilib- 
rium distance. See Harmonic oscillator; Lattice 
vibrations; Thermal expansion. [j.m.ke.] 

Bibliography : N. W. McLachlan, Ordinary 
Nani inear Differential Equations in Engineering 
and Physical Sciences^ 1950; J. J. Stoker, Non- 
linear Vibrations in Mechanical and Electrical 
Systems , 1950. 

Anhydrite 

A mineral with the chemical composition CaS0«. 
Anhydrite occurs commonly in white and grayish 
granular masses, rarely in large, orthorhombic 
crystals. Fracture is uneven, and luster is pearly to 
vitreous. Hardness is 3-3.5 on Mohs scale and spe- 
cific gravity is 2.98. It fuses readily to a white en- 
arr»H. It is soluble in acids and slightly soluble in 
water. 

Anhydrite is an important rock-forming mineral 
and occurs in association with gypsum, limestone, 
dolomite, and salt beds. It is deposited directly by 
evaporation of sea water of high salinity at or 
above 42°C. Anhydrite can be produced artificially 
by dehydration t*f gypsum at about 200°C. Under 
natural conditions anhydrite hydrates slowly, but 
readily, to gypsum. It is not used as widely as gyp- 
sum. 

Anhydrite is of world- wide distribution. Large 
deposits in the United .States occur in the Carlsbad 
district, Eddy County, New Mexico, and in salt- 
dome areas in Tevas and I Louisiana. See Evaporite 
(saline); Gypsum. [e.c.t.c.] 

Aniline 

An organic chemical compound that is used in the 
ir nufacture of dyes, pharmaceuticals and rubber 
chemicals. It is an aromatic amine, GflaNHo; 
boiling point 184°C; melting point — 6°C; basic 
dissociation constant, Kb * 3.8 X 10 -l °; density, 
1.0215; refractive index, 1.5863; solubility, about 
3 g per 100 g of water. Two-thirds of the produc- 
tion goes for rubber chemicals, and about 15% for 
the dye industry. 

Aniline is prepared by reduction of nitroben- 
zene with iron and water with a little hydrochloric 
acid at the start, or by ammonolysis of chloroben- 
zene in the presence of copper (I) salts at elevated 
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temperature (200°C) and pressure (1000 lb) over 
several hours. Catalytic reduction of nitrobenzene 
is the basis for a more recent synthesis. 

Aniline readily undergoes the reactions charac- 
teristic of primary aromatic amines (sec Amink). 
The amine group is a strong ortho-, para-directing 
group so that chlorination or bromination of ani- 
line leads to a 2 A6- trihalogen derivative at a 
rapid rate. Treatment with h> pochlorou** acid (an 
oxidizing agent) chlorinates the nitrogen, yield- 
ing .YJV-dichloroanilint*. 

Oxidation of aniline may lead to phenylhydrnx- 
ylamine. nitrosohenzcne. or bimolecular products 
with certain reagents such as hydrogen peroxide, 
whereas with others such as chromic acid or so- 
dium chlorate, the products are azolienzene, 
A'-phenylquinnnimiiie. aniline black, and com- 
pounds of bimolecular and polymoleculur charac- 
ter. 

Reduction with hydrogen and u Raney nickel 
catalyst gives cyclohexylumine. resulting from ad- 
dition of hydrogen to the aromatic ring. 

Carbonic acid derivatives of aniline result from 
reaction of aniline with phosgene. Diphenv Itirea, 
(C;H,NH),CO (also called carhanilide). is oh- 
tained with excess aniline, whereas plicnv Iso- 
cyanate, GjHr.NCO. is best prepared by heating 
aniline hydrochloride with excess phosgpue. The 
corresponding thio derivatives result from re- 
action with the sulfur analog of carbon dioxide, 
carbon disulfide. Diphenv Ithiourea Ithiocarhani- 
l»de). iG.HsNH I^CS. precipitates when carbon 
disulfide is refluxed with aniline. Phenylisothio- 
cyanate. G,H-.NCS. is formed by the action of 
hydrochloric acid on thiocarbanilide. See Vniiihv 
mmc acid ; Aroma ric hydrocarbon ; Binzioim. 
DiA/onzArioN ; Natii him. a mink; MintnngN- 
zknk; Sh.umi.h acid: Toi.i idink. | l.d.i . ! 

Animal 

Any living organism which possesses certain char- 
acteristics that distinguish it from plants is « mem- 
ber of the animal kingdom. There is no single 
criterion which ran he used to distinguish all ani- 
mals from all plants. Animals usually lark chloro- 
phyll and the ability to manufacture foods from 
raw materials available in the soil or atmosphere. 
Animal cell** are usually delimited by a plasma or 
cell membrane rather than a rell wall composed 
either of cellulose or chifin as are the cells of most 
plants. Animals generally are limited in their 
growth and most have the ability to move in their 
environment, whereas plants are usually not re- 
stricted in their growth and the majority are sta- 
tionary. 

The presence or lack of chlorophyll in an or- 
ganism does not determine its affinity to the plant 
or animal kingdom. Among the protozoans, the 
class Phytomastigophorea includes animals such 
as the etiglenids which have chromatophores con- 
taining chlorophyll. These organisms are con- 
sidered to be animals by zoologists and plants by 
phycologists. A large group of plants, the Fungi, 


also lack chlorophyll. Another borderline group 
is the slime molds; the Mycetozoa of zoologists ail( j 
the Mvxoinycophyta of the botanists. These lir 
ganisms exhibit both plant and animal chiimin r . 
istics during their life history. Movement is [ )ot 
characteristic restricted to the animal kingduin 
many of the thuliophvtes such as ( hril/ai t , nn 
numerous bacteria, and colonial clilorophv tr* ait ' 
motile. 

The grouping of living organisms into two kin... 
donis. Animalia and Pluntae. has been the mjI.icu 
of study and dispute for some years. Cluv^i| l( i( ,j 
schemes recognizing us many as four kingdom, 
were proposed as earl\ as 18<M. for example. i||,„ 
of E. Haeckel. These have not been gmrr.i||\ 
accepted hv biologists. .Sec Plant; see also \\, 
mai. kingdom: Pi. an i kim.dom. • « , 

Bibliography: H. F. Copeland. The C/assiln atiw, 
of Lower Organisms . 

Animal community 

Theiiretirallv an ajiurcualion of anmi.il .pm,- 
characteristically associated with one another \m 
nulls of a communitv arc u-iiallv held together m 
such aggregations hv ties that hind them p. d u 
physical environment. the vegetation with v\ In. h 
they are associated, or to other animal- ol rim m.j 
munitv. See Pi \n i * mm mi mi y. 

With few exceptions, muinlv in water. vt-gcLinm. 
dominates the phv-iographii land-cape and .tuim.i K 
tisnullv live among the plants or under then ml', 
erne. Because ol the intimate interrelation-hip- !•■ 
tween the phv-ical environment • *r habitat and <ln 
plants and animals, an animal cuminunilv mu*! In 
treated as being a pari of a- biological or Im-.Mi 
unit. In this unit, rertain material- filieinual -nh 
stance- 1 of the earth and umniii cnergv i vridinlv 
solar radiation ) arc organized into org.ini* -nh 
-lance** and incorporated into living pi. ml hndn* 
When eaten, the-e in turn are transformed mi" 
components of animal bodies and eventuallv m 
turned t«» the physical environment after u-c hv th* 
animals. See Ft oswif.M ; Numolin < y« i i. 

Habitat. That part of the phvsical envitonm-si 
in which particular animals live is called di r " 
habitat, The ecological position that a -peeir- •>« 
rupies in a particular ecosystem is called a mnn> 
habitat or niche. Animals may spread into or eiiici 
many habitats hut instinctive traits that thev p # >— 
sens may largely determine fhe ones in wlm li d ,r ' 
live. For example, birds in migration mav pa — out 
many habitats hut at the ei|d of their jouruev. thev 
select one to whieli they are adapted. 

Community animals are -bound to their phy"' 1 J 
environment by requirements for life smh a- du>i 
need for oxygen, water. hejkt, light, or other 
sities that they obtain from the medium in 1 
they live (air. water, or soil) and to plants for • ,f ** 
foiH supplies, their shelter or protection, am ,r ‘ 
some cases for home, reproductive sites, ne^tinji 
materials, perches, shade, and other detail™ nr *' ■ 
Community divisions. In a broad sense, therc^ 
only one complete discrete animal community- 
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ng 1 Map showing terrestrial faunal regions of the 
world After A R. Wallace , The Geographical Distri- 
bution of Animals. 2 vo Is., Macmillan , 1876' 


'■:iiu •' fauna of the earth. So far a 4 * is known, the 
luM-plien* which includes all living organism- of 
thrratth is completely separated from an> olhei hi- 
•»l*» f ii« al (dimmitiitv anv where else in the universe, 
bn prarti* al reasons, the world cninmiinitv of ani 
'naU the /oosphere must he subdivided for more 
li'Uilrd studv into smaller subordinate animal com- 
I’l'mities, but there are few. if anv. boundaries he- 
lAff-n them ahsolutolv separating one (ommunitv 
!r,, in another. Most have /ones of intergradation 
hMween them, known as erotones. See Com mi Miv 
Ihiuuse of this inlergradation. the boundaries 
!**iween communities are drawn arbitrarilv within 
4 lu a eroinne as near to a natural division us knowl- 
"te** about the animals permits. The community 
are usually selected to contain a relatively 
"•nMstrnt composition of animal species. The 
‘“•mwlaries of these units are generally placed 
at ^ ne ’' where the community composition changes 
'iiffirif'-tiv | 0 warrant recognition of a different 
unit. 

Distribution of animal communities. The exist- 

,n ? animal communities occur in those situations 
* _ r,% the. march of history, the evolution of 
S pe»ies and the interactions of ihese with 
environments have, left them. The zoosphere 
f) the earth has been divided into marine and ter- 


restrial faunal regions on the basis of great geo- 
graphic divisions separated by important barriers 
us -hown on the ..vps in Figs. 1 and 2. 

Criteria for communities. Animal communities 
to be suitable for classification purposes should 
portiav the natural interrelationships of the ani- 
rnals in nature. Because animals arc elusive, mo- 
bile. and difficult to observe, the more obvious 
features of landscape and vegetation are often used 
as criteria for field recognition of communities that 
have been established, for example, animal com- 
munities of tall grass prairie or vegetated sand 
dime*.. Careful studv over large areas is. needed to 
identifv units of relatively uniform species com- 
position and to locate their eeotones with units of 
d/.-rent composition. 

A community to hr recognized a* a unit must 
usually meet the following criteria: [}) correla- 
tion of ecologic dispersion of the animuls with par- 
ticular features of the habitat and vegetation; 
(2) an associated group of species that interact 
with one another and may have in part evolved to- 
gether; 13) occupation of a geographic area that 
may be either continuous or discontinuous, as on dif- 
ferent mountain tops; (4) boundaries that may 
he relatively abrupt or may intergrade gradually 
with adjacent communities; and (5) usually rec- 
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Fig. 2. Mop showing marine faunal regions of the 
ocean. < Modified from H. U. Sverdrup, et at.. The 
Oceans, Prentice-Hall , 1942 ) 


ogni/able in the field by observable character- 
istic!* of landscape, vegetation, and conspic umiis 
animal". 

Community operation. Because animals in nen- 
eral depend upon plants for food, anv animal com- 
munity must be associated with plants or eUe have 
special means of obtaining food. Animals such as 
birds or carnivores living in cliffs make periodic 
trips to adjacent areas in search of food but spiders 
with food-catching webs in the same cliffs wait for 
insects nurtured upon plant foods to come to them. 
Sedentary aquatic animals such as sponges and bi- 
valve rnollusks pump water through their bodies 
and trap microscopic plankton that enter with the 
water. 

Plants in general are capable of making more 
food than they need for their own operation and 
are adapted to having the surplus removed hv ani- 
mals. The amount of this surplus generally limit* 
the number of animals that can he supported in a 
community. As a rule, a huge mass of vegetation i* 
required to support a relatively small mass of ani- 
mal fle-ih. .See Biologicm. prooixtivii y. 

Among the animals in a community, some are 
adapted to take food from plants and transform it 
for use in their own bodies. These vegetarian ani- 
mals in turn fall prey to carnivorous animals which 
are adapted to take, digest, and assimilate animal 


flesh. Ms.,, parasite*, arc adapted to ulili/e !»•«»• 
from green plants, vegetarian animals, am) « ai m; 
\ores. Parasites in general are *mullei than i in 
hosts. After death, if not used in other wav- tic 

bodies of both plants and animals will he d»'» 

posrd and returned to inorganic matter In ini' t" 
organisms, collectively known as *dpiophvtes lln- 
food relationship is shown in Fig. d. 

Community organization. Commmiii\ .imm.ii- 
are ecologieallv interrelated in wa\~ that .m 


the food pyramid 



Fig. 3. Diagram of the food pyramid showing 9* nera 
trends in food circulation, ffrom A. M. Woodbury> 
Principles of General Ecology, McGraw-Hill , 1954) 



adapted to the physical habitat and the associ- 
ated plants. On land, animal communities are lo- 
cated at the bottom of the atmosphere where grav- 
ity holds them, but aquatic animal communities 
ntgy be suspended in the water as well as located 
on the bottom. Communities suspended in the ocean 
m ay be floating or swimming groups; those on the 
bottom may be attached to solid support, burrow 
in the mud, crawl on the bottom, or swim. 

Terrestrial communities also have great variety 
in organization, caused largely by their complex 
interrelationships with habitat, physiography, and 
associated plants. In forested areas, some animals 
live on the ground, some burrow in the soil, some 
climb the plants and may be restricted to particu- 
lar levels of the vegetation, forming layer com- 
munities. (n each situation a number of species are 
intimately associated under the dominating influ- 
ence of shade, shelter, and the food supplies fur- 
nished by plants. 

In shrubby plant communities, the animals are 
restricted to fewer layers. In short-grass prairie, 
low desert shrubs, or moss-lichen tundra, they are 
restricted to a single plant layer in which only 
-mall animals can obtain shade or shelter and 
larger animals such as reindeer of the Arctic tun- 
dra and American bison formerly of the prairies 
are exposed to the rigors of the climate with little 
nr no amelioration by plants. 

Consortism. Some animals individually consort 
if] a mutually helpful way with individuals of a dif- 
ferent species. Thus crabs may be bedecked with 
h\ droids and sponges that find a base for attach- 
ment and in return help to camouflage the crab. 
Nime species associate on a symbiotic basis in 
which one member derives benefit without damage 
to the other as spiders which spin their webs in bur- 
rows made by rodents. Others may associate as 
parasites, in which case one species benefits at 
the expense of the host, as lice and fleas do in 
the fur of mammals. Still others may form mixed 
hand* composed of several to many species. 

Social relations. Environmental forces mav drive 
individual animals of the same species to collect in 
an aggregation. Thus, a playa lake of a desert di- 
minishing in size hv evaporation may concentrate 
tadpoles in the lake into close contact with each 
other. If on the contrary, individuals are found to- 
gether by mutual attractions that result in social 
Iwhavinr. the group is termed a society. There may 
^ taany social groups in a single community, ex- 
emplified by ant colonies, flocks of birds, and herds 
Hk. See Social animals. 

There are many ways in which plants and ani- 
mals of a community aid each other. Many flowers, 
f‘» r example, are pollinated by insects or humming- 
hirds which obtain nectar or pollen for food while 
l^’viding this service to the plant*. Gmsortive con- 
i 'h b°th individual and collective, helps to knit 
1 ,e animals into a community organization. These 
Havioral relationships are distinctive of animal 
M, mmunities and are not found in plant communi- 
,lfs - [a.M.W.T 
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Animal evolution 

The theory that modern animals are the modified 
descendants of animals that formerly existed and 
that these earlier organisms descended from still 
earlier and different forms. Evidence for animal 
evolution should, where possible, be drawn from 
fossils representing actual ancestors. However, 
even for groups with hard skeletal parts the fossil 
record is far from complete. In addition, manv 
types are soft-bodied and hence not preserved as 
fossils. As a result much of the history of evolution 
must be deduced from study of still-existing forms. 
An increasing amount of biochemical evidence of 
animal relationship is accumulating, but reliance 
is placed mainly on comparison of adult structures 
and on embryonic and larval development. It was 
once assumed that embryos recapitulated the phy- 
logeny of the r^e; this theory is largely abandoned 
today, but comparison of patterns of development 
and of larval types is of great value. The evidence, 
drawn from the various sources cited above, indi- 
cates th.it animals have evolved according to the 
evolutionary scheme shown in Fig. 1. See Evolu- 
tion, organic; Fossil; Paleontology. 

Lower animals. There are no definitive charac- 
ters which apply to all supposed animals other 
than the fact that they are cellular or multicellular 
organisms which, unlike plants, do not manufacture 
their own food materials. It is often assumed that 
all such animals form a single evolutionary stock, 
advancing from single-celled forms, the Protozoa, 
through a colonial stage from which the sponges, 
the Para/oa, arc »n offshoot, to the level of the 
Metazoa. It is reasonable to believe that these all 
derive ultimately from single-celled flagellated 
plants, but the*e is no guarantee that they form an 
evolutionary unit. The so-called Protozoa include 
the flagellates, the Mastigophora : the amebas and 
their relatives, the Sarcodina (Rhizopoda); the 
parasitic Sporozoa; and the complexlv built Cilio- 
phora. No one of the last three appears to be par- 
ticularly related to any other. The Mastigophora 
seem to be a miscellaneous collection of flagellates 
which may have, independently of one another, 
lest their food-manufacturing potentialities. The 
sponges seem to be derived from one peculiar type 
of collar-bearing flagellates, quite unrelated to 
typical protozoans. Metazoans show no indication 
of relationship to sponges or to protozoans in 
general. See Ciuophora; Mastigophora: Meta- 
zoa; Parazoa; Protozoa; Sarcodina; Sporo- 
zoa. 

Early metazoan history. In contrast with doubts 
regarding lower forms, there is essential unanimity 
of opinion that the Metazoa, including all multi- 
cellular forms with differentiated tissues, are a 
true phyletic unit; it is also common opinion that 
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the phylum Coelenter&ta (to which the cteno- 
phores, or comb-jellies, are often appended) lie* 
close to the base of this stock. The coelenterates 
proper (Cnidaria) include such sessile forms as the 
corals and hydroids, and free-floating medusae such 
a? the jellyfishes. Their bodies consist essentially 
of two simple epithelia — an external, protective 
ectoderm, and an internal, essentially digestive 
endoderm, lining a gut cavity which has hut a 
single opening. Typical living coelenterates are 
specialized in that they have peculiar stinging 
cells which enable them to catch and eat relatively 
large prey; truly ancestral metazoans presumably 
lacked these structures and subsisted on smaller 
organisms or organic debris. 

Beyond this lowly metazoan level there developed 
a vast radiation of animals making up, according 
to some systems, a score or more of phyla. Some 
became degenerate parasites; most advanced in 
many regards. A second gut opening often devel- 
oped, giving a separate mouth and anus. Most had 
a third, intermediate body layer, the mesoderm, 
between ectoderm and endoderm, in which there 
often developed the coelom, a cavity surrounding 
the viscera. Body shape and mode of life became 
highly variable. 

fn a number of phi la, typical extant forms are 
sessile (like coelenterate polyps), gathering food 
particles by means of cilia-created currents along 
outstretched arms or tentacles. In others food is 
actively sought, and the body assumes an elongate, 
bilaterally symmetrical, worinlike form. 

The interrelations of the various phyla are ob- 
jure in manv cases. There is. however, general 
agreement that a number can he grouped in two 
major series (Fig. 2). One line, including the 
wormlike forms (to which the arthropods and 
mollusks are allied), is sometimes termed the 
Protostomia (or Erterocoelia). In them the original 
put opening becomes the mouth, the secondary 
opening the anus; the mesoderm forms from a 
*olid mass of cells; there is often a characteristic 
larva, termed the trochophore, with a horizontal 
circular band of cilia above the mouth. Among the 
sedentary cilia-feeders. the primitive echinoderms 
are outstanding, and are considered typical of the 
Deuterostomia or Enterocoelia. Here the new gut 
opening is the mouth; the mesoderm forms from 
Pouches derived from the gut; the larva is of a 
different sort, with complex longitudinal bands of 
cilia. 

Worm phyla. Most primitive of the worm types 
included in the Protostomia are the flat worms, the 
Platyhelminthes, including free-living planarians 
an d a host of parasitic forms such as flukes and 
ta Peworms. The digestive tract, which is lost in 
f° mc parasites, has but one opening; the mesoderm 
18 P°°rly developed. Nearly as simply built, except 

J?®’ I- (Sat facing page.) Animal groups and how 

•y may have evolved. (C. S. Moment, General Zoo/- 

° 9y ' H °u9hton Mifflin, 1953) 
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Fig. 2. Hypothetical diagram of the relationships of 
the phyla of the animal kingdom. (L H. Hyman , The 
Invertebrates , vol. 1 , McGraw-Hill , 1940) 


for the presence of an anus, but specialized in the 
presence of an evertible prey-catching head struc- 
ture are the little proboscis worms, the Nemertea. 
Grouped by ^me writers as the phylum Aschel- 
minthes is a grab-bag of half a dozen or so minor 
groups, including, as well as more obscure types, 
the rotifers and the exceedingly abundant round- 
worms (nematodes), most of which are minute and 
harmless, but a few of which, such as hookworm 
and trichina worm, are dangerous parasites. Minor 
phyla usually bracketed with the worms are the 
Mesozoa, Sipunrulida, Echinoidea, and Priapu- 
lida. See Aschelminthes; Coelenterata; Cte- 
nophora; Deuterostomia; Echinoidea; Meso- 
zoa; Plaiyhelminthes; Priapulida; Sipitnci:- 

LIPA. 

Annelids, arthropods, and mollusks. The phyla 
Annelida, Arthropoda, and Mollusca exhibit highly 
diverse structures and modes of life, but are defi- 
nitely related to one another. The annelids, in- 
cluding numerous marine types and leeches, as 
well as the familiar earthworms, show a division of 
the body into metameric segments, each of which 
repeals, with regional variations, all the structures 
found in its neighbors. The arthropods, including 
crustaceans, arachnids, millipedes, centipedes, and 
insects, in many ways most successful of animal 
phyla, are considered to be of annelid origin, but 
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are characterised by an external armor of chitin 
and jointed appendages. Seemingly quite unlike 
either annelids or arthropods are the mollusks, 
most of which are sluggish shell-bearers, without a 
trace of segmentation. However, it has long been 
suspected, on the basis of similarity of the larvae 
of annelids and mollusks, that the two phyla are 
related, and this has been proved by the discovery 
in the depths of the Pacific Ocean of a primitive 
mollusk, Neopilina , which is distinctly segmented. 
See Annelida; Arthropoda; Molluscs. 

Sos&ilo arm-foodors. In a series of phyla which 
is, on the whole, much less progressive, the typical 
members are persistently sessile, stalked forms. 
Above a simple body armlike structures stretch out, 
bearing ciliated bands whose function is to direct 
food particles to the mouth. The tiny but abundant 
Bryozoa (Polyzoa), or moss-animalcules which 
are sometimes divided into two phyla as the Ecto- 
procta and Entoprocta, are forms of this nature, as 
are the tube-dwelling members of the minor phylum 
Phoronida. Unimportant today but abundant in 
earlier geologic periods, members of the phylum 
Brachiopoda (lampshells) bear coiled ciliated 
arms within their paired shells. The relationships 
of these phyla are uncertain. They are sometimes 
appended, on feeble evidence, to the proterostome 
group; but equally likely is relationship to the 
typical deuterostomes, the phylum Echinodermata. 
Echinoderms are known for such specializations 
as a calcareous armor and a unique water-vascular 
system. Most modern echinoderms are free-moving, 
if sluggish, forms; the older fossil echinoderm 
groups and the crinoids today resemble the series 
of phyla listed above as stalked sessile forms, feed- 
ing on food particles brought to the mouth by 
ciliated bands on outstretched arms. See Brachio- 
poda; Bryozoa; Echinodermata; Phoronida. 

Chordata origins. The phylum Chordata in- 
cludes the vertebrates as a major component and in 
addition certain lower types, such as Amphioxus , 
tunicates, acorn worms, and pterobranchs. The last 
two forms are sometimes regarded as constituting 
a separate hut related phylum, Hemichordata. 
Basic chordate characters seen in Amphioxus in- 
clude a dorsal hollow nerve cord; a longitudinal 
supporting structure, the notochord, running the 
length of the body beneath the nerve cord; and a 
series of pharyngeal gill slits which primitively 
function as a food-filtering device. The origin of 
vertebrates has been sought among the annelids 
and arachnids, but there are few real resemblances. 
In recent decades increasing evidence has accumu- 
lated which indicates that the closest chordate 
relatives are the echinoderms, whose mesoderm 
develops in similar fashion; acorn worms have a 
larva similar to that of some echinoderms; there 
are biochemical similarities. Vertebrates are typi- 
cally active forms, and therefore it has been argued 
that the common ancestor of vertebrates and echi- 
noderms was a simply built, active, bilaterally 
symmetrical animal, from which the echinoderms 
branched off to become sessile, assuming a super- 



Fig. 3. A family tree of vertebrate classes. The thick- 
ness of the various branches is an approximation of the 
comparative abundance of the various groups. fA S 
Romer, Vertebrate Paleontology , Univ. of Chicago 
Press, 1945) 

finally radial symmetry. But the lower chordata 
are essentially sessile types, living on food particle- 
brought to them hv ciliary currents: the nm-t 
primitive chordate*, the pterobranchs. are small 
stalked forms with extended arms with ciliated 
food-gathering hands. They are thus much like the 
cilia-feeding phvla discussed in the last section, 
and could he close to the ancestry of echinoderm- 
as well as higher chordate*, in which gill-filtering 
replaces arms in feeding. In the tunicates the 
typical adults are sessile, blit there is in some .• 
tadpole larva, which has not only gills hut nerv* 
cord and notochord. It is highly probable that rh* 
evolution of higher members of the ph>lum took 
place by paedoinorphosis — the retention of the 
tadpole body in the adult condition and consequent 
introduction of an active swimming life into the 
vertebrate ancestry. The evolution of the vertebrate 
classes is shown in Fig. 3. .See Reptilia fossils. 

Fish evolution. Study of the fossil record indi- 
cates that the oldest fishes, of the class Agnatha. 
led lives much like tunicates and Amphioxus in 
that they too lived by filtering fond particles from a 
water current which entered the mouth and passed 
out through a complex gill apparatus. These were 
small armored types ternied ostraroderms. The 
lampreys and hagfishes of ty>day are degenerate in 
the loss of bone from the Skeleton, but althoug 
they lack jaws, they have * become predaceous in 
habit through the development of a rasping tongue 
structure. 

A class now entirely extinct is the Placoderini. 
armored Paleozoic fishes in which jaws and patre( 
appendages (as fins) were appearing. Bcvon 
this stage fish evolution progressed along * 
paths. One led to the class Chondrichthyes. in 
eluding the sharks, skates, rays, and chimaeras, 
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w hirh (as in lampreys) hone is lost, although there 
js a highly developed skeleton of cartilage. A 
second, more progressive group, is the Osteich- 
, hves. the higher hony fishes which dominate the* 
jjfe of modern waters (Fig. 4). .See Aonatiia; 
C»ioki>ata; Fish; Paleozoic.. 

Conquest of land. The evolutionary sequence 
O-tehhthvcs Amphihia Heptilia indicates stages 
in a major development in vertebrate historv. the 
solution of 4- footed (tetrapod) vertebrates which 
freed themselves from an aquatic existence to 
rompitT the land. The fish ancestors of land verte- 
brate* were the Crossopterygii, a group of higher 
bom fishes of which onlv one specialised form 
i/.w/mieroij survives. Studies of amphibian* of the 
jjicat extinct group Labyi inthodontia. including 
late Devonian forerunners, have in considerable 
measure bridged the gap between the* fish stage on 
the one hand and reptiles on the other, hut the 
carlv evolution of the existing amphibian orders is 
-till for the most part a closed hook. The major 
,|eps in tetrapod evolution appear to he closely 
unrelated with adaptations countering seasonal 
■bought conditions which were widespread in late 
Paleozoic davs. .Sec \%1 f’l< IMA: Ckossoi* 1 1- RY(.FI ; 

Dl.VONt \n. 

Reptile radiation Toward the close of the Car- 
boiiileroiis there began a great radiation of reptiles, 
{•"-lilting in the estaldishinent of a score or more of 
.-nler-. of which onlv four sutvive. Much of the 


phyletic pattern is known, hut considerable gaps 
remain in knowledge of the earliest stages in the 
origin of various lines. Prominent in reptile evolu- 
tionary history was the rise of marine reptiles. 
*uch as the plesiosaurs and ichthyosaurs, and, on 
land, of the subclass Archosauria. the ruling rep* 
Dies, to which the dinosaurs belonged and from 
which, with Archaeopteryx as a transitional form, 
c ame- tlie class Aves, the birds (Fig. 5). .See Aves; 

CmUIOMI MCOI's ; Rrctiija. 

Mammal origins. The line leading to the class 
Mammalia diverged almost at the beginning of rep- 
tile history. From Late Carboniferous rimes on into 
the r | riassjr. mammal-like reptiles, first the Pelyco- 
sauria and then the advanced rnammal-like forms, 
the Tlierapsida. dominated the terrestrial scene. 
Before the end of the Triassic. however, the therap- 
sids waned with the advent of the dinosaurs and 
soon disappeared. leaving descendants behind them 
as the first true mammals. The egg-laying mono- 
t retries, the Prototheria. must have diverged from 
the main mammalian line almost at its inception, 
hut the historv of these living Australian forms is 
almost unkno .n. Remains of Jurassic- and Creta- 
ceous marnmaU are scanty; under dinosaurian 
dominance the\ formed an inconspicuous element 
in the fauna. B\ the Late Cretaceous both marsu- 
pials (the Metatheria ) and the Entheria. the more 
highlv developed placental mammals, had come 
into exjsienc c. With the extinction of the dinosaurs. 



fy- 4. Development of the groups of bony fishes and 
ttnphibians. (A. S. ftomer. Vertebrate Paleontology, 
n,v - of Chicago Press, 1945) 
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Fig. 5. The family tree of the reptiles, a pictorial dia- Colbert, The Dinosaur Book, American Museum of Nat- 

gram showing evolution through geologic time. (E. H. ural History, 1951) 


mammals fame into their own. The marsupials 
flourished in Australia, where eutherians were long 
absent, but in other continents the placental mam* 
mats rapidly expanded, in the early Tertiary, into 
a host of types, most of which are still represented 
in the existing fauna. See Cretaceous; Jurassic; 
Mammalia; Triassic. 

Primates and man. Man is a member of the 
eutherian order Primates, to which also belong the 
lemurs, monkeys, and great apes. Many of the ordi- 
nal characters and trends, such as an agile and 
flexible locomotor apparatus, good hands, high de- 
velopment of vision, and a trend toward large brain 
size, are to be correlated with the arboreal life 
characteristic of the order as a whole. The lemurs 


of the Old World tropics are little-changed repre- 
sentatives of an early «tagg in primate solution; 
Tar sius of the Oriental regipn shows advanced f»M 
tures leading toward the dionkey level. Monkey 
developed in two independent lines, one in South 
America, the second in thi Old World. Allied t«» 
the latter were the ancestors of still higher pri- 
mates, the great apes. By A|iocene times there wa> 
present in Eurasia and Africa a number of mic i 
apes, from which may have descended the 
gibbons, orangutans, chimpanzees, gorillas an 
possibly man as well. Australopithecus and relate 
types of the Pleistocene of South Africa are sina 
brained and apelike in certain features, but are 
morphologically transitional to later men in 



r |iaracter» as dentition and upright gait. Definitely 
human types appear in the middle Pleistocene, in 
pithecanthropus and Sinanthropus of the Far Fast 
anti fragmentary remains from the Occident (the 
Piltdnwn skull and jaw, long a stumbling block 
in interpretation of the record, is now known to be 
a hoax). Of later date. Neanderthal and other 
h ,x»s show a closer approach to modern man. and 
toward the close of the Pleistocene, forms appear 
tfhich are definitely identifiable as belonging to 
0 „r own species. .See Fossil, man; Miocene; 
Plant evolution ; Pi.f.istocknf.; Primates. 

[ A.s.R. | 


Animal growth 

Growth may be most simply defined as increase in 
niav* or dimensions of an organism with time. It 
i< one of the basic characteristics of living thing* 
and represents the visible result of a complex and 
interrelated series of metabolic and developmental 
m*nK One of the unique features of biological 
growth is that the organism changes in si/e and 
,haju\ and t«» some extent in chemical composition, 
jltliuugh it still retains it* integrity and it* individ- 
iialitx . This i* true because growth fundamentally 
iii\o|\e* H\ntliesis bv the organism of more mate- 
rial* like it*elf. 

('.row tli occurs bv two main processes, increase 
in the number of cell* and increase in the *i/e of 
. rib living cell*, removed from the bodv and 
pl.iied in an appropriate culture medium. di*plj\ 
-jowth in if* mo*t uncomplicated form. Tltev grow 
Its -snthesi/ing new protoplasm and divide into 
-mailer cells; the process i* repeated over and over 
a- lung a* essential nutrient* are supplied and ao- 
'"iinulutioii of deleterious wa*te produce* i* pro- 
stilted 


In the intact animal, growth begin* at or *oon 
ift**r the initiation of development. It involve* cell 
hsMon and synthesis of new protoplasm, from 
as material either contained in the egg or derived 
r««m the environment. However, the process is 
liif'h more complex than the growth of cells in ti*- 
■mp. ulturc. In earlv embryonic development growth 
|fc normally never dissociated from such processes 
Js differentiation (diversification of cell structure 
‘ind function) and morphogenesis (change in the 
t‘*rm and pattern of the embrvo). In later develop- 
growth by cell enlargement is the predomi- 
nant process. >Yc Animal morphogenesis; Cm. 
wmsion; Mitosis. 

Chemical requirements for growth. The va*t 


mamrity of animals, including most protozoa, re- 
'luin* already elaborated organic molecules in or- 
d^r t,> synthesize new living material during growth. 
J*' r animals in general the chemical requirements 
nr growth are (1) inorganic substances. (2) or- 
Mnir substances, especially certain amino acids 
an .d fatty acids, and (3) accessory factors or vita* 
See AXENIC CULTURE. 

n,)r Winic substances* Inorganic substances are 
J| e, ded in large quantities for the formation of skel- 
and other supporting structures. In both in- 
^rtehnitej, and vertebrates, silicon, calcium, mag- 
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nesium, carbon as carbonate, and phosphorus as 
phosphate are extremely important. Salts of so- 
dium, potassium, calcium, and magnesium are es- 
sential components of body fluids. They contribute 
to the osmotic properties of the body fluids and 
provide a milieu in which cells, tissues, and or- 
gans may function properly. Some elements are 
found in protoplasm in only minute traces, some- 
times only a few atoms per cell, but these trace 
element* are e*sential and without them growth 
will not occur. Many of the trace elements are 
probably involved in the formation and action of 
particular enzyme*. For example, iron is found 
in the cytochrome system, zinc in carbonic anhv- 
ilrase. and copper in tyrosinase. .See Cytochrome; 
Osmoregulatory mechanisms. 

Organic substances. The organic* raw material* 
for embryonic growth either are laid down in the 
egg a* yolk bv the maternal organism before de- 
velopment begins, or. as in placental mammal* and 
a few other form*, are supplied by the mother dur- 
ing development. The organic compound* used bv 
animal* as raw materials for growth are carbohy- 
drate*. protein and fat*, or their breakdown prod- 
uct*. Carbohydrate apparently is not essential: 
laboratory animals can grow in the complete ab- 
sence of carbohydrate. Fat. a* suc h, i* probably 
al*o none**ential. although some animals need 
ceitain unsaturated fattv acid* to sustain growth. 

Protein* represent the chief organic constituent 
of living tissues and are the most important raw* 
material for growth. During growth, the proteins 
stored in the egg or provided as food from outside 
are digested into their constituent amino acids. 
The*e are then re*v nthe*ized into the substance of 
the living cells. The proteins synthesized bv the or- 
ganism have spec ific characteristics which depend 
upon the kind* «,nd numbers of amino acids they 
contain; therefmr not all proteins are equally ca- 
pable of supporting growth. Many years ago, T. Os- 
borne and L B. Mendel showed that proteins which 
fail to induce growth are deficient in one or more 
amino acid* (amino acids needed bv the organism 
but which it cannot *vnthe*ize). For example, rats 
will not grow or even maintain themselves when 
fed on a diet in which the onlv source of amino 
acid* i* the corn protein, zein. Zein is deficient in 
three amino acids: glycine, lysine, and tryptophan. 
The rat i* able to sviithesize glvrine. but not lysine 
or tryptophan: hence growth does not occur. How- 
ever. if the animal'* d»>\ i* fortified with appropri- 
ate amounts of lysine and tryptophan, growth 
take* place at the normal rate. See Glycine; Ly- 
sine: Tryptophan. 

Feeding experiments such as these have shown 
that for the rat, 10 of the approximately 24 amino 
acids are indispensable for growth: 8 of these are 
essential for the growth of human being*. Cells 
grown in tissue culture outside the bodv have even 
more rigid amino acid requirements. 13 being es- 
sential. Growth thus depends not only on the 
amount of protein supplied to the organism but 
also on the kind of amino acids the protein con- 
tains. See Carbohydrate; Lipid; Protein. 
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Growth factors . Observations on human beings as 
well as experiments on animals have shown that in 
addition to the materials used to synthesize the hulk 
of the protoplasmic system, animal organisms also 
require certain accessory substances in order to 
grow. Some of these are now known as vitamins. 
As early as 1906. F. G. Hopkins showed that a diet 
consisting of purified proteins, carbohydrates, and 
fats, and including all essential inorganic compo- 
nents. would not support growth in young rats. 
However, the rats flourished and grew at the nor- 
mal rate when as little as 3 ml of milk was added 
to the daily ration. The factor in milk responsible 
for this was later identified as riboflavin. Since then 
a number of other vitamin*, many of which are 
members of the B complex, have been shown to he 
essential for growth. The vitamin requirements of 
some of the lower animals are as complicated as 
those of mammals. The vitamins needed by proto- 
zoans have heen established by growing them on 
synthetic media, and the same technique has heen 
used in determining vitamins required for the 
growth of cells in tissue culture. See Ciltirf. tis- 
St’F.: VlT \MIN. 

Various nonspecific growth-promoting substance* 
can be obtained from living tissues. When a piece 
of tissue is placed in a culture medium its growth 
will he considerably enhanced bv the addition of an 
extract obtained from embryos. Adult tissues when 
broken down hv autoly*is (self-digestion) also 
yield stimulants to growth, perhaps by supplying 
some of the essential amino acids. 

Often the growth of a cell or organism i* im- 
proved when it is placed in a medium in which 
other cells or animals have previously grown. Pre- 
sumably some metabolite, given off hv the first cells, 
conditions the medium and makes it more suitable 
for supporting growth. Recently a protein which 
can stimulate the growth of nerve tissue has been 
isolated from snake venom. Substances with similar 
properties have also been obtained from the sali- 
vary gland* of the mouse and rat. 

Hormones. The growth of vertebrates is influ- 
enced by a specific growth hormone produced by 
the anterior lobe of the. pituitary gland. Surgical 
ablation or failure of the gland to produce enough 
growth hormone in the young animal leads to dwarf- 
ism. Conversely, overproduction of hormone may 
result in gigantism. Secretions from the thvroid 
gland, the adrenal cortex, and in some instances, 
the gonads also affect growth, hut perhaps less di- 
rectly. Growth in various arthropods is controlled 
by hormone action. Molting, an essential prelude 
to growth in insects and crustaceans, is under hor- 
monal control. See Endocrine system; Insect 
PHYSIOLOGY. 

Measurement of growth. Growth is generally 
measured directly bv recording the weight of an 
animal at different times during development. Oc- 
casionally a chemical measure of mass, such as to- 
tal protein nitrogen or nucleoprotein phosphorus, 
may prove useful. In the early developmental stages 
of animals whose eggs contain large amounts of 
yolk, it is generally impossible to separate living 


substance from the raw materials for growth. f| 0H 
ever, because increase in living material during de 
velopment is accompanied by increased mctaholj, 
activity, growth may he measured indirect ) v j r 
terms of total oxygen consumption or carbon dj ox 
ide production. 

Course Of growth. When size of the animal 
(weight, length, volume, or some chemical eritiu , 
is plotted against time, a characteristic S-shaped 
or sigmoid growth curve is obtained. Growth curve*, 
for a wide variety of plant and animal organism 
are qualitatively identical. This observation ha* 
sometimes led to attempts to deduce the chemical 
physical, or phvsjnlogica! reactions under |\j n ^ t |, fl 
growth process, but such deductions are im war 
ranted. Nevertheless, growth curves do pmvidr 
fill descriptive data. Thev have heen e*pecia!|\ 
helpful in comparative studies on the growth of ]jf 
ferent animals or of the same animal under differ 
ent conditions. 

The curve of growth shows that increase in «.j /r 
doe* not continue at a constant rate throughout de- 
velopment. At fir*t. growth is very rapid: for ,i 
short time in earlv development it proceed* w itb 
constant acceleration. During this period growth i- 
exponential, which means that percentage incrr.w 
in the si/e of the animal is the same during siicie- 
sive equal intervals of time. Later the rate i.i 
growth becomes progressive |\ slower and fmalh 
growth essentially cease* altogether 

The sigmoid growth curve obscures the hut th.il 
growth is not necessarily a continuous proves*, i* 
is sometimes rhythmic or periodic. In arthropod- 
for example, growth occur* in spurt* after e.n !. 
molt. Children in the Northern Hemisphere grow 
most rapidly in the fall of the veur and most *lowh 
in the spring. Sometimes a period of development.il 
Mock (diapause! is interposed between period*"! 
active growth in some animals. 

The life histories of animal* can iisualb he *nh 
divided info several phases or stages of growth 
The development of manv invertebrates and *"tne 
vertebrates can be broken down into embrvi*iu« 
larval, and postmef amorphic stage*. Human dcwl 
opment consists of a prenatal period (emhrvo and 
fetus) pin* a postnatal period, divided into in- 
fantile. prepubertal, and po«tpuberlal phase* V' 
Embryology; Invertebrate fmrmyoiogv. 

Relative growth. Relative growth i* also referred 
to as heterogony or heterauxpsjs. Growth deter 
mines not only the size of the animal hut a bn ** 
shape and form. As long as an animal grows at t u 
same rate along all its dimensions it will not chang* 
in bodilv proportions. A sphere will remain 
cal provided it grows uniformly along all diani' 
ters. However, when the growth rate in certain ‘ ^ 
rertinns in different from; that along other*. 
when one or more parts of the growing organ* n 
develop more rapidlv or more slowly than ol er 
progressive changes in form, result. . 

The form changes produced hv alteration 
body proportion are well illustrated in human ^ 
velopment. At the second month of fetal * **' j 
head and neck account for almost one-half t e 



t'oltinw of the fetus; Ht birth the relutive size of 
I lie head is only 32'<. of the body; at maturity it is 
10'r. Conversely, at the same three stage*. the legs 
comprise, respectively, 2 f :' t , 16',;.. and 2 U*' t of the 
total body volume. During thi* developmental span 
the relative size of the trunk remains constant at 
approximately - r >0 f 7 of bod> volume. Ol>\iou*ly, the 
growth of the head during prenatal de\e|opment 
after the second fetal month is rclutixclx smaller 
and that of the legs relatively larger than growth 
„f the !>odv as a whole. 

It has been found in man\ organisms that the 
growth of a part or organ of the hodv v bears a 
(•(instant relationship to the growth of the whole 
, so that v ~ bx K . In the equation. h and A are 
constant*, k being known as the relatixe gmxvih 
constant. When A is unit \ . the growth rate of the 
part is the same as that of the whole, and growth 
is described as isauxetic or isnmetrie When A is 
greater than one. the part grows more rapidlx than 
the re*t of the Imdx. that is. xxith luchvuuxe*iv 
i positive heterogonx ) and when it is less than one. 
growth of the part is less rapid than that of the 
icsf of the hodv nr it is bvadvauxetje (negatixelx 
heterogonie » . 

The heterauxesis t differential relatixe growth I of 
iiunx developing structures in th** indixidn.il can 
la* a< < ura I el x and convenient lx described in terms 
„f the x alue «*f A 1 be formulation has application 
not onlx to the development of the individual i«m- 
lMgenx i but also to evolutional x or plix logeneti( 
ili'velopment. The appeaiame of e\rc**i\elx large 
.mtleis in i|io now extinct Irish elk is piobaldx a 
..i-e of tarhxauxetic antler development during an 
iMilutionarx im rease in the total *i/e of the animal. 
Hii* example will suffice to show that the precise 
f«»rin of an organism is a fumlinn «»f absolute *i/c. 

I Needham has shown that the equation > = fn K 
applies to the chemical growth of the embrxo as 
*•■11 as to its morphological growth and that the 
•herimal ground plan for development i* remark- 
al*l\ similar in a wide variety of animals. However, 
mathematical formulation provides onlx a descrip- 
tion of differential relative growth: it does not e\- 
plain the proecss. 

Growth regulation and size limitation. \ fre- 
quent question arises concerning the rca*on growth 
dnws up and eventually cca*es. Work with tissue 
Milture shows that cells are potentially capable of 
unlimited growth. Yet when these cells are part of 
an organized hods, their growth is regulated: thev 
* l "P growing at the time when the animal of which 
l h‘*\ are a part attains its characteristic size. The 
Sin,e regulation is revealed in the process of re- 
formation. When a salamander’s limb is removed, 
•he cells comprising the,, limb stump form an em- 
hryonir mass or blastema. This grows and differ- 
entiates and regenerates a limb which is of normal 
' i/0 ,ln d structural detail. 

rherp are many factors involved in the regulation 
yf growth, some intrinsic, some environmental. One 
,r |ipnrtttnt factor is the histological differentiation 
‘ r< dl» of the organism; as differentiation pro- 
,f,f, ds, the rate of growth declines. Heredity is im- 
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portant in determining the limit and the rate of 
growth. I all parents give ri*e to tall children, and 
the offspring of toy terriers and mastiffs grow to 
characteristic size. Hormonal influences also affect 
grow'ih. as do *tich environmental factors as nutri- 
tive level, temperature, and degree of crowding. .See 
Fmknyonk dihkhi vim ion. 

In many animals growth continues throughout 
life. Complete cessation of growth w'hen the adult 
*tage has been reached occurs mainly in terrestrial 
animals. I hidouhtedlx the special condition* of ter- 
restrial life, involving the danger of desiccation and 
the greater weight of the body in air in the ah-' 
scnce of the huo\ing effect of the water, exert con- 
trol over the size of the animal. The volume or 
weight of an animal increases as the rube of its lin- 
ear dimensions, hut the strength of the supporting 
structures of the hodv. such as legs, increases a* 
the square. Thu* mechanical strength and stability 
lend to decrease with increase in size. Undoubtedly 
iliese and related physiological factors haye oper- 
ated through natural selection to impose limit* on 
the absolute -i/e of animal* and to influence ihe 
time course ..J their development. I K..I.BO.] 

Ribliogntphy : S. Brodv. Hinenergetics and 
(,muth. 1915: J. Fruton and S. Simmonds. General 
Rio( hrmistn. 2d ed.. 1958; P. H. Mitchell. General 
Phystnlngy, 5th ed.. 1956: .]. Needham. Rinchemis - 
try and Morphogenesis. 19 12: I). W. Thompson. On 
Grou th and Form, reprint. 2d ed.. 1952: C. H. Wad- 
diiigtun. Principles of Embryology. 1956: P. Weiss. 
Principles of Development , 1959. 

Animal kingdom 

One of the two generally accepted major divisions 
of organi*in* which live or have lived on the earth 
( see Pi . xn t KIM. dom ». Nearlv 1.000.000 species of 
animal* are k .«vn. and these are divided into vari- 
ous groups ( tax-i. mriic categories i . large and small, 
according to tlic.r relationships and complexity of 
organization. 

Mo*t member* of the animal kingdom can he dis- 
tinguished from those of the plant kingdom hv their 
greater inotilitv. hx the more constant form and 
structure of their bodie*. hx the placement of the 
organ*, which are internal rather than external, and 
hx the nature of the tissue cells which are enclosed 
in delicate membranes rather than rigid walls of 
cellulose, \n<ina1s sub*i*t on complex organic ma- 
terials. derived dire<?!x or indirectly from plants. 
,vhich are chemical! * altered and metabolized to 
proy ide energy for their functions and materials for 
growth. These processes require oxygen, and the 
end products are largely* carbon dioxide, water, and 
urea or uric acid. Plants, on the other hand, syn- 
thesize various organic compounds from inorganic 
materials. The latter are extracted from the soil or 
substrate and altered chemically through photosyn- 
thesis in the presence of chlorophyll, water and car- 
bon dioxide. Most animals possess a nervous system 
and exhibit a rapid response to stimuli. However, 
form* exist which are intermediate in manv of these 
features, and the classification of certain one-tellcd 
organisms such as Euglena. which move about and 
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take food like an animal but contain chlorophyll 
like a plant has not been settled. See separate ar- 
ticles on each animal group listed on the chart. 

[E.C.LI.] 

Animal morphogenesis 

The origin of form and pattern in animal develop- 
ment. The term is applied equally to the whole or- 
ganism and to its parts. Thus, the early processes 
of layering and axiation which establish the fun- 
damental body plan of a vertebrate embryo are 
spoken of as morphogenesis; so, too, is the ap- 
pearance and elongation of an anterior limb bud 
with its concomitant differentiation into upper arm, 
lower arm, hand, and fingers. By extension, the 
term often is applied as well to microscopic levels, 
such as to patterned cellular arrangements, or to 
the origin of such specifically organized fibers as 
collagen in connective tissue. Beyond this, morpho- 
genesis is discernible with the electron microscope 
down to the ultrastructural level, virtually to the 
ordering of macromolecules. Morphogenesis thus 
is a multileveled process, encompassing the origin 
and elaboration of new structure in development 
whether macromolecular or organisms]. 


Form and function. Though the reference i* pri- 
marily to structure, morphogenesis is inseparable, 
except in abstract, from activity and function. A* 
a process of change, morphogenesis is dynamic 
rather than static in connotation. But further, it is 
nowhere clearer than in morphogenesis that form 
and function are two aspects of the same phenome- 
non. The origins of specific form and specific func- 
tion, when observed by procedures of comparable 
sensitivity, are closely correlated, and the one con- 
ditions the other. Bone morphogenesis is prereq- 
uisite to the weight-bearing function of a limb, and 
detailed morphogenesis and orientation of the can- 
cellous structure of the limb bones is affected by 
the degree and manner of ftilization of the limb. 
In this broader sense, morphogenesis is no more 
and no less than development characterized struc- 
turally. 

Pattern of Structure. There is not, at the mo- 
ment, a satisfactory general theory of morphogene- 
sis. TTie great diversity of organic form implies a 
grea* variety of morphogenetic pathways, an 
common principles are only beginning to emerge- 
It is clear that morphogenetic mechanisms mttf 
be closely responsive to genetic determinants. 1 ,s 



follows from evolutionary progression of structural 
.haractrristics, as well as from genetic studies of 
morphological mutants und emhryological study of 
interspecific- transplantation. But organic form is 
equally susceptible to environmental variation. 
| m th in nature and in the laboratory. The effec t of 
temperature, humidity, radiation, nutrition, infec- 
tion all have their morphogenetic influences and 
,onsc<|ue!ic*es. It must he concluded that structural 
pjtlcrn is neither fully preformed nor completely 
uniformed, whatever pattern or code exists in the 
^ i.s translated perhaps several times in the 
ionise of development. In these terms, niorpho- 
f.rnptic processes are the very machinery of the 
miriaction through which the antipodal influences 
„f liereditv and environment are expressed in or- 
g<ini« form. 

Differential growth. Students of morphogenesis, 
i>e\ mid their pureh descriptive task of tracing 
„i ignis and transitions, have sought to establish 
general laws and to identify significant compo- 
nents. In this effort, some descriptive elegance is 
ruined h\ treating form changes as differential 
••nm th. thus expressing certain aspects of morpho 
-iriiesi- in mathematical language. Semimathe- 
milictillv. morphogenesis has been conceptualized 
in the language of fields emphasizing that in 
niiinv morphogenetic «.>strtn* emerging structural 
. Iiiita* teristic-s have hern shown experimental to 
i.r i furic'V ion of position in a three-dimensional 
. .»>it iiiu urri < four-dimensional, if time is included). 
[In* umlerlving basis for this nuu phogrn»*tic field 
Ufuvior lias not hec-n fill I v explained. The most 
.iii|e|\ field It \ potlieses attribute field phenomena 
t>» 'jr.cclicuts either of materials or of metabolism. 
im<1 m simple systems the existence of such gradi- 
eiits ,an he demonstrated. High points in the 
JieliU show “dominance. 4 ’ tending to “organize 4 * 
'iirrounding areas naturally or experimentally 
nnmght under their influence. In plants. hi< h dom 
induce is shown hv shoot apices over siihapical 
Imrls mediated at least in part hv indoleacetic ac id 
t n x i n t diffusing from regions of high production 
mi iIih apices. In animals, perhaps the best-known 
* , \.imple is the action of c-hordamesoderm of the 
amphibian gnstrula. which can organize' a second- 
-»rv einhrvo partly of host tissues when trans- 
planted to a neutral site in another embrvo. The 
nnvhanism of this effec't remains unclear, though 
‘Mnnnulating evidence suggests that it involves 
relatively complex materials ordinarily of quite 
limited mobility. 

Experimental studies. Morphogenesis can he 
'"nreptually and experimentally dissected into a 
number of component processes, and these have 
studied both individually and in various rotn- 
hinittion*. Included as component processes are 
P r,, wth. interaction between tissues, cellular affini- 
l ‘ PS a, 'd disaffinities involved in formation of tissue 
‘^Kregatcs. cell movements individually and in 
jf ro, ip*». changes of cell shape, cell division, the 
,,n «lainental energetics of respiration and plios- 
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phorylation, specific synthesis of macromolerules. 
and the secretion, polymerization. and conjugation 
of intercellular materials. It is the task of the ex- 
perimental morphologist to establish how these 
components are integrated in the smooth-flowing, 
seemingly self-regulating course of morphogene- 
sis. 

IWful experimental tools have been found in the 
tec hniques of tissue transplantation, tissue culture, 
and tissue dissociation, combined with the newer 
instrumentation provided by bioc hemistry and bio- 
physics. From observations on the behavior of sepa- 
rated and recombined c ells and tissues it i- clear , 
that group effects are exceedingly important in 
morphogenetic processes. First, dissociated cells 
“recognize” each other and reestablish ordrrlv pat- 
terns through sorting in terms of mutual aflinil > 
and disuffinitv. Second, minimum numbers of cells 
considerably greater than one ordinarily are re- 
quired for continuance of morphogenetic activities. 

1 bird, cells kept too long out of their normal as- 
sociations suffer marked decline in their ahilitv 
to participate in morphogenetic behavior. Fourth, 
interaction between aggregates or tissues of differ- 
ent developmental historv and properties promote- 
and. indeed, i- essential for. mam morphogenetic* 
processes. Fifth, cells and c ell masses are markedlv 
affe. ted in their morphogenetic* behavior by rela- 
tivelx subtle change- in their phv sjcocheiniral 
environment: that is. in morphogenetic* systems 
there is large amplification of small difference's, 
'sixth, effective morphogenetic mediators, at least 
ficquentlv. appear to he muc romoh-nilar and sep- 
arable* onlv with great difficult v from the immedi- 
ate* \ icinitv of living, active cells. 

Students of morphogenesis are thus breaking 
into what lias long been regarded as the consum- 
mate mvsterv o* development, its indefinable integ- 
iitv. its oneness im the face of mutilation. This wa- 
nner alternatives dealt with hv po-tiilativig a prin- 
ciple of wholeness or entelechv. or through crude 
analogies wit!, far simpler inorganic systems. To 
dav it is being approached more realistically and 
patiently, as a problem requiring more information 
on the combining forces among c ells, the relations 
between cells and their immediate microenviron- 
ment*. and the effects of systemic and environ- 
mental factors on these forces and relations. As 
analysis and synthesis advance, new concepts may 
he expec ted to arise, dissolving the mvsterv of pat- 
tern and unitv constantly arising and renewed in 

rphogenesi*. See Cki.i. unf.agk: F.mrryoc.knf.* 

sls; KmBRAOI.OGY. FXCHBIMFNTAL: KmBRYONIC 
lllFfKRFN fTATION ; FmHRYOMC induction: Rmbrv- 

o\ir orgam/fr: Fatk mac*. kmiiryonk : Mt ta- 
tion: Plant morchogknrsis. 

Bibliography: J. T. Bonner. Morphogenesis. 
1952: 0. W. Thompson. On Croivtk anti Form , 

2 vols.. 1952: B. H. Willier. P. A. Weiss, and 
V. Hamburger ledO. Analysis of Development . 
1955. 
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Animal symmetry 

This relates the organization of parts in animal 
bodies to the geometrical design that each type sug- 
gests. The term asymmetrical applies to most 
sponges and some protozoans because the body 
lacks definite form or geometry as it cannot be sub- 
divided into like portions by one or more planes. 
Spherical symmetry is exhibited by some proto- 
zoans such as the Heliozoa and Radiolaria. The 
body is spherical with its parts concentrically 
around or radiating from a central point. Radial 
symmetry is exemplified by the echinoderms and 
most coelenterates. The body is structurally a cyl- 
inder, tall or short, having a central axis named 
the longitudinal, anteroposterior, or oral-aboral 
axis. Any plane through this axis divides the ani- 

RADIAL 



Types of symmetry, ond the axes, planes, and regions 
in animal bodies. (From T. I. Storer and R. L. Usintfor, 
General Zoology, 3d ed., McGraw-Hill, 1957) 

mal into like halves. Often several planes, from the 
axis outward, can divide the body into a number of 
like portions or antimeres, five in most echinoderms. 
The ctenophores and many sea anemones and cor- 
als possess biradial symmetry, basically radial but 
with 9ome parts arranged on one plane through 
the central axis. The great majority of animals have 
bilaterial or two-sided symmetry in which a median 
or sagittal plane divides the body into equivalent 
right and left halves, each a mirror image of the 
other. See Antjmere. ^[t.i.s.1 

Animal systematica 

The science of animal classification. The term had 
its origin in the systems of classification developed 
by the early naturalists, such as the Systema Na- 
turae of C. Linnaeus (1735). Animal taxonomy, de- 
rived from a word proposed originally by A. de 
Candolle (1813) for the theory of plant classifica- 
tion, is now generally used interchangeably with 
animal systematica. It is estimated that approxi- 
mately 1,000,000 species of animals have been de- 
scribed and new ones are being made known at the 
rate of about 10,000 a year. The task of naming, 


characterizing, and cataloging this trememloi 
number of species has required the cooperative f 
fort of systematists from all parts of the world du 
ing the last 200 years, and the job is far f ro , 
complete, especially in the less conspicuous grou| 
of invertebrates. The more important task of a 
ranging the animals in a classification of high< 
categories which are designed to reflect their p r , 
sumed and inferred relationships has challenge 
some of the greatest zoologists of this period an 
has required the use of comparative data derive 
from many basic fields, including morpholog 
physiology, ethology, ecology, and genetics. Th 
complex superstructure of classification into whir 
all newly discovered forms must be made to fn 
being constantly modified and perfected as ne 
knowledge permits. .SYr Animal kingdom. 

The earliest attempts to classify animals are 
in antiquity hut the importance of animals to prin 
itive man. both as sources of food, clothing, an 
companionship and as natural enemies and run 
petitors, makes it certain that he carefully di«tii 
guished among them. Not only is this attested to i 
early cave drawings and paintings, but even tb 
most primitive of living tribes have colloquu 
names for practically all the conspicuous elemeni 
of their locul fauna. 

The written record of the study of anirnak & 
with most knowledge, traces back to such carl 
Greek scholars as Hippocrates and Democritu 
However. Aristotle (384 322 H.< . ) was prohahi 
the first to organize the knowledge of animals an 
to characterize their bodily structures and habits i 
a comparative manner. His terminology reveals tin 
he recognized animal gronps*Which correspond t 
many modern phyla and classes and, at a lovw 
level, he utilized the term genos to explain a grow 
concept often equivalent to the modern higher <a 
egories, and the term eidos to designate the ir 
dividual animal form. 

Descriptive phase. For nearly 2000 years the- 
rudiments of an Aristotelian classification were h 
tie improved upon, although the knowledge of an 
mal kinds was greatly expanded by the descripth 
works of the Renaissance zoologists, in particula 
K. Cesncr (1516-1565), IJ. Aldrovandi 1 1522 
1605), G. Rondelet (1507-1556), and P. Beh> 
(1517-1564). It remained for the Swedish natura 
ist Carolus Linnaeus (1707-1778) and his imined 
ate predecessors, for example, John Ray (K>28 
1705), to crystallize emerging concepts, method* 
and techniques into a workable system which pci 
mitted zoological classification to proceed in an oi 
derly manner and animal pystematics to dcvelo 
as a science. In this system the key position of th 
species was recognized (sea Species concept)- 
binomial system for their deiignation was provide 
(see Zoological nomenclature), and a fram< 
work of classification was set up in which the 
could be arranged according to degrees of °i 
ity and differences (see Taxonomic categories 
This ushered in the initial or descriptive phase o 
animal systematica sometimes referred to as a P 





txonomy. This period, during which Linnaeus and 
js followers (very largely his students) were ac- 
ive, was dominated by the study of local faunas. 
Phylogenetic phase. The second major step in 
he development of the science of animal system- 
tics was the concept of organic evolution, which 
ms developed independently by the travelling field 
laturalists Charles Robert Darwin (1809-1882) and 
Jfrcd Russell Wallace (1823--1913) and brought 
„ a dramatic focus by the publication of Darwin's 
)rigin of Species (1859). This ushered in a period 
f phylogenetic speculation in which much of the 
nterest of taxonomists shifted from the naming of 
pecie* to attempts to understand the significance 
,f higher categories and interpret their relation- 
hip*- 

During this period, Ernst Haeckel (1886) in- 
roduced the method of representing phylogeny 
evolutionary history) by means of treelike dia- 
grams. Modifications of his method are still used 
)v animal systeinatists to express degrees of sup- 
posed relationship in various groups, although the 
erm phylogenetic is usually reserved for the dia- 
grams of the paleontologist who can trace phyletic 
[evolutionary) lines in the fossil record. This level 
d systematic studies is sometimes referred to as 
>cta taxonomy. The concern with higher categories 
/rhich dominated this period of taxonomic history 
ed, in some cases, to excessive splitting and sub- 
lividing. but, in general, the results have stood up 
airly well and are reflected in current classifira- 
ions. 

Species problem. The third stage in the his- 
ory of animal systematic involved a renewal of 
interest in the species, with the growth of the ge- 
netic approach to problems of special ion and more 
widespread recognition of the significance of varia- 
tion. Emphasis on the population aspect of the spe- 
■ies problem led systeinatists to give more attention 
to the geographical distribution of populations 
within the species, to the ecological requirements 
nf species and smaller populations, and to their ge- 
netic composition. The application of this dynamic 
concept of species to the samples (specimens) of 
the practicing animal systematise resulted in a 
sunder and more useful classification which has 
permitted more widespread biological generaliza- 
tions. 

The new eystematics. Present-day systematic 
has been termed the new systematics by J. Huxley 
tlW), but its unifying principles have been syn- 
thesized from scattered and often divergent ideas 
contributed by biologists over a long period of time. 
The historical periods of the local naturalists, the 
c'o 1 itionista, and the population taxonomists over- 
lap broadly and the prevalent concepts of each of 
thc*e periods had their origins much earlier. The 
era of the new systematica is particularly signifi- 
cant because it reflects a more widespread under- 
standing of the objectives of taxonomy and an ap- 
preciation of its role as a primary focal point of 
biological science. As emphasized by C. G. Simpson 
<««). taxonomy is not only the most elementary 
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part of zoology, since animals cannot be discussed 
or treated in a scientific way until some taxonomy 
has been achieved, but at the same time it is the 
most inclusive, since in its various aspects and 
branches it gathers together, utilizes, summarizes, 
and implements everything that is known about ani- 
mals, whether morphological, physiological, psy- 
chological, or ecological. 

Importance of systematics. Not only is sound 
systematics essential to progress in most phases 
of the basic biological sciences; it also contributes 
materially to the applied sciences, in particular 
medicine, public health, agriculture, conservation, 
and natural-resource management. The naming and 
identification of animal species has provided a fil- 
ing system for the vast amount of information accu- 
mulated about injurious forms. The natural classi- 
fication has given a means for making predictions 
and generalizations as to the probable habits, dis- 
tribution, future importance, and means of control 
of newly discovered pests, as well as leads and 
clues as to the endemic source of possible parasites 
and predators which might be sought to help sup- 
press populations of introduced pests, especially 
insects. Applied taxonomy is also the basis of plant 
quarantine enforcement, in which accurate identi- 
fication may prevent losses of millions of dollars to 
farmers, and the basis of agricultural pest control, 
in which erroneous identification may invalidate 
costly control procedures or upset the natural bal- 
ance of populations in an economically disastrous 
manner. Careful systematic studies have led also 
to the solution of such public-health problems as 
the cause of the uneven distribution of malaria in 
Europe and to the concept of species sanitation, a 
practice which has greatly accelerated the suppres- 
sion of some arthropod-borne diseases. See Plant 
TAXONOMY. [E.C.LI.] 

Bibliography : !. Huxley (ed.). The New System - 
atics , 1940: E. Mayr, Systematics and the Origin 
of Species , 1942; E. Mayr, E. G. Linsley, and R. L. 
Tsinger. Methods and Principles of Systematic Zo- 
ology . 1953; G. G. Simpson, The Principles of Clas- 
sification and a Classification of Mammals , Bull. 
Am. Museum Nat. Hist., vol. 85, 1945. 

Animal virus 

A term for a member of a group of living entities 
which are characteristically ultramicroscopic (less 
than 300 millimicrons) in size. They propagate 
only within living cells of animal origin, which not 
only supply the raw materials for viral multiplica- 
tion but also provide the energy and synthetic ma- 
chinery needed for the multiplication processes. 
Viruses outside living cells are inert particles, 
which neither respire as do bacteria nor possess en- 
zymes customarily associated with metabolic activ- 
ity. Viruses are made up of a core of nucleic acid, 
ribonucleic acid (RNA). or deoxyribonucleic acid 
( DNA) . plus a protein membrane, whose sole func- 
tion may be to protect the viral genetic material 
(nucleic acid) during its cell-to-cell transfer. See 
Nucleic acid. 
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The nucleic acid of a virus, when contained 
within the protein membrane in a complete virus 
particle, cannot be inactivated by the correspond- 
ing enzyme ( ribonuclease or deoxyribonuclease); 
but once freed from the virus particle, the nucleic 
acid is labile, and cannot be preserved for more 
than a few hours. It is the antigen of the protein 
coat with which antiserum reacts to neutralize the 
virus; antiserum does not affect viral nucleic acid 
which has been separated from its protein coat and 
purified. See Antigen. 

Viruses are generally destroyed by heating at 
60 °C for 30 minutes and can be preserved by freez- 
ing at low temperatures and, in some instances, by 
lyophilization. See Lyophilization. 

For many years, study of viruses was limited by 
the necessity of producing illness in laboratory ani- 
mals before the agent could be recognized or identi- 
fied. This is still true with some viruses, but great 
strides have been made possible by the growth of 
viruses in embryonated eggs and in tissue cultures. 
In the latter technique cells from an animal can 
be made to multiply on the wall of a test tube or 
other glass container, and then can be infected 
with viral materials (Fig. 1). See Culture, embry- 
onated egg; Culture, tissue. 

Mutation. Like other microbiological organisms, 
viruses also mutate. In fact, mutability is a funda- 
mental property of life and is one of the ways of 
readily distinguishing viruses from certain auto- 
catalytic enzymes. Because microorganisms have 
greater total populations and shorter generation 
times than the higher forms of life, greater numbers 
of mutants are formed. Examples of virus mutations 
may be seen in nature in the evolution of vaccinia 
virus and in the almost yearly appearance of new 
variants of influenza virus. See Influenza; Muta- 
tion. 

1 ^. 


Fig. 1. Ploquas (colonies) of polio virus ond of ECHO 
virus on monlcay kidney calls under agar. (Photograph, 
J. L Metnkk, Baylor Unhordty Cottogo of Modkino) 



Fig. 2. Electron micrograph of a purified human virus 
obtained from warts. ( Photograph , J. L Melnick, Bay 
lor University College of Medicine) 


By proper manipulation of the environment in 
which viruses multiply, more favored phenotype 
can be selected. For example, a selection for virus 
mutants can be made by growing them in certain 
tissue cultures in which they reproduce faster than 
the parent viruses. Such mutant may have the same 
antigenicity as the parent virus but a milder degree 
of virulence (for example, yellow fever, dengue, 
poliomyelitis). Other examples of viral variation 
may be seen in the adaptation of human viruses to 
new hosts in the laboratory. See Dengue fever: 
Poliomyelitis; Yellow fever. 

Size. Viruses were first classified as a group when 
it was recognized that certain agents of disease 
were small enough to pass through filters which 
held back bacteria. As a result, the term filtrahle 
viruses came into use. The approximate diameter*; 
of some viruses which produce human diseases are 
psittacosis virus, 300 millimicrons (m/i) ; smullp“' 
and other pox viruses, 200 by 300 m/u.; rabies. ISO 
m/x; influenza, 100 mp; poliomyelitis and other 
enteroviruses, 28 mp. 

Although plant viruses wore the first to he ob- 
tained in highly purified, ci^stalline forms, some 
animal viruses have now been purified and crystal- 
lized (Fig. 2) . See Plant vir^s. 

Multiplication. Viral multiplication begins with 
the attachment of the intact virus particle to the 
host cell. Most of its nuclei^ acid but little of it* 
protein then enters the cell. ^The nucleic acid then 
disintegrates as a part of tfce infectious process. 
The biochemical events in the infected cell are de- 
termined by the viral nucleic acid, which noton y 
directa the production of new viral nucleic acid, u 
also (in separate biochemical steps) governs t « 
synthesis of new viral protein. Complete virus par 





tides arc then assembled within the cell, in some 
cases leaving almost as soon as they are manufac- 
tured. but in other cases accumulating and leaving 
w hen the cell itself dies and disintegrates. 

Classification. Viral classification i* not in a 
satisfactory state, inasmuch as the required in- 
formation is not yet available. It has been custom- 
ary to use clinical symptomatology as the basis, 
since the diseases produced by viruses generally 
have been known much longer than their etiologic 
agents. If viruses are grouped according to their 
primary site of action, four important groups of 
viruses are brought together under the term entero- 
virus: poliomyelitis, hepatitis, Coxsackie, and the 
n ewly discovered ECHO viruses. If viruses are 
grouped according to their antigenic relationships 
and natural method of transmission, the following 
arthropod- borne viruses are brought together: 
Japanese encephalitis, St. I^ouis encephalitis, Mur- 
ray Valley encephalitis. West Nile fever, dengue, 
\ellow fever, and llheus viruses. 

For some viruses, non-Linnean binomials have 
ken adopted, hut the terms genus and species were 
avoided in favor of the terms group and group 
member. Binomials of sump common viruses in- 
( | tide Poxvirus variolae (smallpox viru*), Myxo- 
\u u* influenzae- A 'inb’jf iiza A virus ), Herpesvirus 
hominis, (herpes simplex virus), and Poliovirus 
hamini* (human poliomyelitis virus ) . 

With the advances being made in knowledge of 
virus structure, viruses are beginning to be classi- 
fied according to the type of nucleic acid that they 
contain in their core and by the number of protein 
units fcapsorneres) that they contain in their coat 
i capsid ). 

Epidemiology. Viruses may be transmitted in 
-e\eral ways: (1) direct transmission from person 
to person by contact, in which droplet or aerosol 
infections may play the major role f for example, 
influenza, measles, smallpox), 1 2) transmission by 
means of the alimentary tract as a result of inti- 
mate association with carrier, food, and drink f for 
pxample. enterovirus infections, infectious hepati- 
(3) transmission by means of dust (for ex- 
ample, Q fever), (4) transmission by bite (for 
example, rabies), (5) transmission from lower ver- 
tebrate to man by contact or excretions (for ex- 
ample, Q fever, psittacosis), and (6) transmission 
l, V means of an arthropod vector (for example, 
Hlow fever; dengue; equine. St. Louis, and Rus- 
han spring-summer encephalitis). See Encephali- 
kquinf.. 

In tick-borne infections the virus may be trans- 
mitted from the adult arthropod to its offspring by 
means of the egg (transovarian passage) ; thus the 
cyr * c may continue with or without intervention of 
a vertebrate host. 

In vertebrates the invasion of most viruses evokes 
a violent reaction, usually of short duration. The 
Jfault is decisive. Either the host succumbs or it 
,v ®a through the production of antibodies that neu- 
Jf«».or kill the virus. Regardless of the outcome, 
e ®ojourn of the active virus is usually short (al- 
0,l 8h latent virus states may occur, as in herpes. 
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adenovirus, and Ralivary gland virus infections). 
In arthropod vectors of the virus, the relationship 
is usually quite different. The viruses may produce 
little or no ill effect, and remain active in the ar- 
thropod throughout the host’s natural life. Thus 
arthropods, in contrast to vertebrates, act as per- 
manent hosts and reservoirs. See Adenovirus; Ar- 
bor V1KAI. ENCKPH ALITIDKS ; CltlCKENPOX AND SHIN- 
GLES ; Cold, common; Coxsackie virus; ECHO 
virus; Enterovirus; German measles; Hemad- 
sorption viruses; Herpes simplex; Infectious 
mononucleosis; Keratoconjunctivitis (epi- 
demic); Measles; Mumps; Myxovirus; Newcas- 
tle disease; Phlebotomus fever; Rabies; Sali- 
vary GLAND VIRUS DISEASE; SMALLPOX; TlCK FEVER. 
Colorado; Virales; Virus; West Nile fever. 

[ J.L.M.J 
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Animal-feed composition 

The chemical composition of animal feeds is slated 
in terms of content of water (moisture), certain 
groups of natural organic compounds, and inor- 
ganic or mineral elements. 

The principal organic groups are proteins, carbo- 
h>drates, and fats. A further group of essential hut 
unrelated organic compounds, occurring in smaller 
concentration, is classified as vitamins. In addi- 
tion, a large number of organic compounds have 
been isolated from animal feeds, such as acids, 
waxes, gums, lignins, hemicelluloses, and sterols, 
for which no essential nutritive function has been 
discovered. Small quantities of volatile oils con- 
tribute to the flavor of many feedstuffs. 

Mineral elements. Although exacting chemical 
and spectrographic analysis of animal feeds reveals 
the presence of a long list of elements other than 
carbon, hydrogen, nitrogen, and oxygen, only those 
elements which tire known to be essential in the 
nutrition of animals are usually included in tables 
of chemical composition of foods. 

When feeds are carefully heated to destroy all or- 
ganic matter, there is left an ash containing varying 
w,nounts of the essential elements, calcium, mag- 
nesium. potassium, sodium, sulfur, phosphorus, and 
chlorine (called major constituents), and smaller 
concentrations of iron, manganese, zinc, copper, 
cobalt, and iodine (called minor elements, micro 
elements, or trace elements) . 

A small group of elements is constantly present 
in low but highly variable concentration in the tis- 
sues and fluids of higher animals and plants. Sev- 
eral of these, namely molybdenum, fluorine, barium, 
and strontium, have had physiological significance 
ascribed to them, but the evidence is not conclusive. 
In certain lower forms of animal life, vanadium 
must be added to the list of essential elements. 
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Although the ashing process is carried out at 
moderate temperatures, a portion of some of the 
elements may be lost. Special technique must be 
employed to determine their true content in the 
feeds analyzed. 

The water content of feeds may vary from a low 
of 10*7 in many dry roughages to as high as 
in stock melons. 

Organic constituents. These include carbohy- 
drates. proteins, fats, and oils. 

Carbohydrates . In most animal feeds, ubout 
three-fourths of the dry matter is made up of carbo- 
hydrates. They furnish the bulk of the energy for 
livestock. The simplest carbohydrates sugars and 
starches ■ are highly digestible, hut the more com- 
plex ones such as the celluloses forming the' wood) 
parts of plants must he digested by action of bac- 
teria such as inhabit the paunch of ruminants and 
to a lesser degree the large intestine and cecum of 
herbivorous animals like the horse. 

Proteins. Most of the nitrogenous compounds of 
animal feeds are proteins, which are among the 
most complex of all the known natural organic 
compounds. When completely digested, the proteins 
are broken down into 20 or more simpler com- 
pounds called amino acids. 

Some commercial feeds for livestock contain syn- 
thetic urea, CO I N H_- ) which can he used hv some 
rumen microorganisms as a source of nitrogen, con- 
verting it eventually to protein in their growth. 
Protein, thus synthesized, becomes fond for the 
host. Vrea is useful in this wav onlv to ruminants 
such a« cattle and sheep. 

Examples of high-protein feeds are oil-cake 
meals f cottonseed meal, peanut meal, and soybean 
meal* and packing house hv -products such as meat 
meal. 

Fats and oils. These are esters of glycerol and a 
number of fatty acids. They are called fats if they 
are solids at room temperature and oils if thev are 
liquid at room temperature. The fats and oils have 
the highest energy value per unit weight of any of 
the three groups of food constituents. Much of the 
flavor of foods is found in the fat which may he ex- 
pressed from the feed at higher temperatures by 
mechanical means or extracted with a fat solvent 
such as ethyl ether. The fat-soluble vitamins, if 
present in the foods, will also he found in this ex- 
tract. 

Feed analyses. A typical chemical analysis of 
animal feeds, such as is used for regulatory pur- 
poses or in nutrition studies for rough comparisons 
of food composition, includes the following con- 
stituents as percentages: moisture, ash. crude pro- 
tein, crude fat. crude fiber, and nitrogen-free ex- 
tract. 

The methods used in determining these constit- 
uents vary, hut for regulatory purposes in food con- 
trol work, official methods are used which have been 
established by the Association of Official Agricul- 
tural Chemists. 

Moisture represents loss of weight on drying. Ash 
is the residue remaining on combustion. Crude pro- 
tein signifies the amount of total nitrogen multiplied 


by the factor 6.25. This does not represent the tru* 
protein content hut is based upon the average con. 
tent of nitrogen found in a number of protein* 
which have been isolated in pure form. The u-,,., 
crude fat is the sum of all ether-soluble nmteri.ii 
and includes a number of substances other t} Un 
true fats or oils. Crude fiber is a rough measure (l | 
the cellulose and celluloselike woudv part of tlu 
plant cells. It is the organic part of the ether-ex 
tracted feed which is not digested by first |»nilin«j 
with dilute sulfuric acid solution followed hv hoj] 
ing with dilute sodium hydroxide solution. Tin 
term nitrogen- free extract is a name with no par 
liciilar significance. It has been used for many vear- 
to represent the sum of all the remaining undeter 
mined constituents of the feedstuff. 

Feed supplements. The manufacture of roni . 
men ial mixed feeds has become a verv impoitant 
industry in the I’nitrd States. Prior to lupy. t|„. 
principal feed additives used in these mixed fm|- 
were minerals and protein concentrates. Since that 
date, there has been enormous expansion in larur 
scale manufacture of vitamins, antibiotics. l„, r 
mones, and essential amino acids. These suhs|,irn »■- 
have been added to mixed feeds as supplement- 
having either diiecl action <»n metabolism ami 
growth or indirect action through conti ol of h,n 
ferial growth am) infection. Mthoiigh hundred* <•! 
compounds have been studied in experiments u-hf. 
tivelv few have been cleared hv the I’cdnal h .....i 
and Drug Administration for general use in n»m 
men ial feeds. 

Antibiotic feed supplements. Antibiotics arc *iil< 
stances which have a distinctive action ag.rin-i 
pathogenic or saprophvtu bacteria, yeast, and 
molds. Among those most commonly used in annii.il 
feeds are chlortetra< vcline. owtctT;i< yclinc. a “t.i* 
hilized form of penicillin, and haeitrai in. \ -uilahl* 
antibiotic supplement will generally, hut riot j! 
wavs, increase the rate of gain of pigs, chick-, and 
young calves less than .'t months old. I he cau-c «d 
growth stimulation is not fullv known. It is gen- 
erally believed that the antibiotic causes a rnjm 
tion in undesirable bacteria in the digestive tra* I 
especially under unsanitary conditions of poor man- 
agement. Direct growth effects have also been .w 
rribed to the^e antibiotics. Some synthetic com- 
pounds are claimed to have effects similar t«» tine** 
of the antibiotics. An example is the insoluble. 
toxic tetraalkylainmonimn stearate derived from 
animal fat. 

About one-fnij rth of tin* 2.092.000 lb of antibi"' 
i<‘H produced in the I’nilcd States in 1955 wa* ti' r < 
as animal-feed supplements. 

Vitamin supplements. Although it has l>*** n 
shown that an ample supply of all vitamin reqmn 
oients of livestock usually c* n he made up thmuPj 
the use of common feeds, vitamins are becoming 
more general as feed-additives in commercial ec ■ ■ 
The principal water-soluble vitamins manufacture 
for this purpose are nicotinic acid, riboflavin, t »»« 
mine, pantothenic acid, pyridoxine. choline » 1 < 
ride, and folic acid concentrates. These v,t ^ n j or 
are added to some commercially mixed fee * 



poultry, swine, and to a limited extent, for calves: 
but since adult ruminants are furnished with an 
adequate supply through synthesis hy niicroorgan- 
,„ n is in the rumen, no advantage has been shown 
|„r uddition of synthetic water-soluble vitamins to 
•heir ration. Vitamin Hu* (eobalurnine ) i> present 
, n Mtnie antibiotic supplements. Organisms in riie 
rnineit of cattle and sheep can synthesize vitamin 
lh/- provided sufficient cobalt i* present in the 
ration. Increasing amounts of fat-soluble vitamin A 
a ,r being produced for all types of livestock. This 
ijtamin. which formerly was supplied as a fi*h-li\cr 
oil to be fed separately because of the rapid de- 
viation of (lie vitamin on oxidation, is now avail- 
able in a stabilized form in which small purtii |es of 
the concentrated vitamin at e coated hv u piotectivc 
covering of a svntbctic wax. gelatin, or othei ma- 
terial. The antira* hitic vitamin (vitamin I)i in the 
form »d irradiated ergosterol is also included as an 
additive in some mixed feeds for poultry, swine, 
and > unrig calves. 

Vitamin K (or o-tornpheroh is |e*s common as 
an added vitamin. Certain feeds may also contain 
menadione, the synthetic untihernorihugic vitamin. 

Imirtn at it/s. Methionine t o-aminnnicthv Ithio* 
i,:it v i i< ac id l is the onlv pure arnino acid now bc- 

manufactured .1 .j price low enough to permit 
a ■. u*c as an additive in commercial rations. Thi* 
inuno :u id ha* been added to scunc* mixed feed* f<u 
pioilt r x and *winc. It has little or no applic ation in 

'isninants* feed *inc e rumen microorganisms ran 
uiilicsi/e methionine from other amino compounds 
md M.ltui compounds. 

hit. With a growing surplus of hv product am- 
a I tats in the I niled States, pi i< es <»t tallow- and 
j*-,isrs have fallen tu level* which make it practical 
" add limited rpiantities to livestock feeds. From 2 
'".V, of the fat. stabilized hv addition of an dp* 
i'n»w*d antioxidant, i- added to sonic formula feed*. 
Hi** added fat. in addition to its nutritional value. 

• d-ae- dustiness ,,f flic feed, helps to reduce ahra- 
*'"ii of machinery. and t educes the cost of pelleted 
'••■ds. Ihe addition of fat to swine rations le** 
F»opu|ar since it tends to increase the proportion of 
fat. which is undesirable. Addition of 
jiumso* also produces soft, undesirable pork car- 
1 ,1 

Mineral additiies. The addition of c alc ium and 
(diosphonis in various mineral mixtures has been 
, ( "tuition practice for main year*. ('.round limestone 
"i fw-u*r shells have been the principal sources of 
* **b iurii, while various forms of calcium phosphate 
' ,1 ‘ li as hone meal and defluorinated roc k phosphate 
furni-li phosphorus as well a* calcium, lodinated 
widely used in mixed feeds and salt blocks. 

1 nl«*ss 1 he iodine is present in some stable form 
Ml( h as mdate or as an iodide protected from oxida- 
!| " n In a covering material, its presence in a mixed 
t"''l is temporal. Claims have hern made for some 
l 'l ,f,Q °f organic iodine compounds as superior 
v,, urces ,,f nut rlf ioiui I iodine. Following the dis* 
MH, ries that certain mineral elements in trace 
were essential for the animals’ nutrition, 
has been widespread addition, at low cost, of 
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small quantities of salts of all trace elements (iron, 
copper, manganese, zinc, and cobalt) to formula 
feeds for all types of livestock. 

Harm one! ike substances. Hormones are specific: 
chemical substances produced by living cells in 
limited areas of the organism. They are generally 
liberated into the blood stream and carried to other 
pari* of the body where they produce spec ific ef- 
fects. A number of synthetic chemical substances 
not produced in nature have hormonelike effect*. 
Some oi the*e synthetic substance* added to ration* 
of livestock in very *mall amounts have appeared to 
stimulate gain*. One suc h substance is diethv l*t«l- 
he*trol. an estrogen. A neither group of hormonehke 
*uh*tance* affects the thyroid gland and its produc- 
tion of thvroxine. lodinated casein may produce a 
*light hv perthy roidi*m. while a goitrogen such as 
thioiirucil produces a hypothyroidism. 

Tranquilizers. This term applies to a series of 
drug* whic h produce a sedative or calming action 
without enforcement of sleep. Certain of these com- 
pounds have been fed orally in experimental rations 
of livestock because the claim ha* been made that 
their irunq.iili/.ing effect causes greater weight 
gain*. The two *uh*tances most generally used are 
rc*erpine ( trimethoxy benzoy Imethyl rc*erpate l 
and hvdroxv/.ine. See Ni IKIIIOV | H.o.] 

liihhofiraphs : F. B. Morrison. Feeds and Feed- 
inn. 22d «*d . . 19S(». 

Anise 

One of the ear!ie*t aromatic* mentioned in liteia- 
tuie. The plant, Pimpinella ani.sum , is an annual 
herb about 2 ft tall and a native of the Mediter- 
ranean region. It is now cultivated extensively in 
F.urnpe. \*ia M inor. India, and part* of South 
\merica. The *mall fruits are used for flavoring 
. ake*. i unit* ; a*trv. and candy. The oil obtained 
hv distillation ■ u*ed in medicine, soap*, perfum- 
ci\. and cosmetics. .See Cmbf.li ai.k.s; see also Spick 

V \|» Kl W OP’XC. ! P.0.5.1 

Anisomyaria 

An important subclass in the class Pelecypoda. the 
bivalve nudlusk*. It contains the oysters in the fam- 
ily Oslreidae. ti e scallop* in the family Pectenidae. 
and the mu**el* in the family Mytilidae, as well as 
a few other families. 

In the Anisomyaria the muscles are unequal in 
size : the anterior adductor muscle is greatlv re- 
biccd or lacking, and the posterior adductor mus- 
cle is large and near the c enter of the shell. The 
hinge is usually simple with few teeth and sockets. 
The gill lamellae are flat with similar filaments, or 
plicate with di**imilar filaments. The mantle mar- 
gins are *eparate and the siphons are larking or 
onlv partially developed. 

All member* of this subclass live in salt or brack- 
ish water, attaching themselves to the substrate by 
mean* of a strong hyssus, or bv cementing the shell 
with lime to roc ks, wood, or other shells. Economi- 
cally. most families in this order are very impor- 
tant. not only as food for man. but also because of 
the damage thev do as fouling organisms. They at- 



428 Anisotropy (physics) 

iach themselves to ship bottoms, buoys, intake tun- 
nels, and other marine installations. The removal 
of these organisms is exceedingly costly. The genus 
Pinctada in the family Pteriidae is the source of 
most mother-of-pearl as well as gem pearls. See 
Mussel; Oyster; Pelecypoda; Scallop. jw.jx.J 

Anisotropy (physics) 

The quality of variation of physical property with 
the direction in a body along which it is measured. 
For example, the resistivity of certain single crys- 
tals measured with the electric field along a par- 
ticular crystallographic direction may be higher 
than along directions perpendicular lo it. Thus 
such crystals are anisotropic with respect to resis- 
tivity. Examples of bodies which are anisotropic in 
some of their properties are liquid ‘‘crystals/’ sin- 
gle crystals, and aggregates of polycrystals with a 
preferred orientation. .See Isotroi-y (physics); 
see also Elasticity. [ d.t. ] 

Ankerite 

The mineral species of the carbonate Cat Fe.Mg )- 
(COjih; ankerite sometimes contains manganese. 
The name is normally reserved for the species con- 
taining more iron than magnesium. The ideal 
CaFetCOaJ'j has ne\er been found in nature nor 
has it been synthesized successfully. There is com- 
plete solid solution from ankerite through ferroan 
dolomite to dolomite. The mineral ha- hexagonal 
i rhombohedral ) symmetry and the same tvpe of 
structure as dolomite. It is often brownish in color. 
The specific gravity is about 3 and the hardness 
about 4 on Mohs scale: the exact values depend 
upon the somewhat variable composition. 

Ankerite may occur with siderite and other iron- 
bearing minerals. It is much rarer than dolomite. 
It can be synthesized by heating a mixture of fer- 
rous oxalate, magnesium oxide, and calcium car- 
bonate at elevated pressures in the presence of 
carbon dioxide and carbon monoxide. See Carbon- 
ate MINERALS. [ R.I.H.] 

Ankle 

A part of the leg consisting of the ankle joint, an- 
kle bones, and related structures. The joint is 
formed by the two leg hones, the tibia and fibula, 
which articulate with the talus, one of the seven 
ankle bones. Another prominent ankle bone is the 
calcaneus, or heel bone, which bears mu* h of the 
body weight in walking. The inner and outer prom- 
inences familiarly known as “ankle bones’* are the 
overhanging portions of the tibia and fibula: each 
prominence is called a malleolus. 

The tarsal bones are held in place, yet allowed 
certain movement, by a number of strong elastic 
ligaments, as well as by the shapes of the bony sur- 
faces. The ankle joint is a synovial, modified hinge 
joint, to which movement is imparted by numerous 
muscles of the leg and foot. 

Both superficial and deep sets of blood vessels 
supply and drain the ankle region as well as the 
fool, and lymphatics are fairly extensive. Motor 


movement and sensory reception are achieved | )v 
appropriate stimuli transmitted by the branches „f 
the lumbosacral plexus which innervate the st rur 
tures of the ankle. 

Deep fascia, subcutaneous tissue, and a raih n 
adherent skin complete the external coverings 
the region. See Joint (anatomical). | h.c.m j 

Annelida 

A group including one or several phyla of 
mented. wormlike animals frequently referred t„ 
as the Aunulatu. The phylum Annelida is US , M || 
restricted to the Poly chart a or bristle worms, t|„ 
Oligochaeta or earthworms and fresh-water worm* 
and the liirudinea or leeches. The Sipum ulidu m 
peanut worms, the Echiurida or spoon worms. ilm j 
the Priapulida are placed in separate ph\| { , |„. 
cause of their divergent character*. 1 1«»llf-« 1 1 \ • | \ 
they may be called the Vermes Pohnteru ili.umu 



Fig. 1 . Exogono, entire onimol showing attached 
young on ventral side. 



many segments) to distinguish them from the 
Vermes Oligornera (having few or no segment*) 
.mil as the tapeworm, flatworm, and rihhonworm 
(l «r#' Oucomkha; Poi.ymkra ) . The Vermes p„ | y . 
iiitTa “how the following phylogenetic relationship: 


1 

I'nlvrhueta 

; i . 

(Archiannolida) 

j\| N /u“tornida) 


Vermes Polyincra 


Annelida Krhiurida: 

Priapulida: 

( Jiudlata Sipuneulida 

Oligorhaeta 

l 

Hirudinea 


I’dlvehaeta are largely inhabitant^ of the ocean* : 
Oligoehaeta and Hirudinea are found rnainlv in 
f r »*sh water* or on land. Oligorhaeta are free- 
living and Hirudinea are partly or entirely para- 
„iii<. v#» Hiiudinu; Oi.imm iiaki a. 

Metamerism. The name Annelida suggests the 
jiinnkir or segmental rhararter of the body which 
i- divided into successive cylindrical ring* or seg- 
■iiiMii * called metamere*. They may he similar 
throughout ( Pig. I ) or modified into region* *uch 
e ili'H.J\. abdomen. or tail f Fig. 2 I .See Mliam- 
• 5.1* M 

Embryology. Manv annelid* oiiginate from a 
:imitc ovum yyliieh is externally fertilized. Thi* 
j«y»*- i i*e to a pelagic larva or tro« hophore which 



® Sab+llaria, right lolerol view, showing the 
thorax, abdomen, tall, and dorsal 


niae. 
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gradually, through posterior growth of segments, 
attains adult size. There are many deviations from 
this fundamental pattern su. h as that exemplified 
ol, R'" haetes. whose eggs arc laid in eocoons 
egg cases ) und whose young hatch in a form re- 
sernhling the adult. .See Invkhtmjrath kmbhyoi.ocy. 

Morphology. Typically the body consists of an 
anterior head or prostomium fFig. 3t with a ventral 
oi terminal mouth, followed by a trunk with a 
ongitudinal series of similar segments, set off from 
one another hv transverse septa or membranous 
walls. 1 1 esc segment* may be visible only exter- 
n* - ',. or *" nr ^ tnay be niultiannulate as in the 
Mirudmea. or all indications may be lacking. The 
alimentary trad is a simple tube with an anterior 
mouth and posterior anus. It often has specialized 
regions such as proboscis, pharynx, proventriciilns 
I rig. fi. esophagus, and mid- and hindguts. These 
'tinctures mav have diverticula fFig. !> I or modifi- 
cations serving as special glands, storage ceca. or 
other functions. The posterior end may lie further 
modified to aid in respiration or to maintain hvdro- 
*t;ilic presume. 

\rrvou s s'l.'frm. I he nervous system consists 
l»a*ir ally of a dorsal cerebral ganglion or brain, 
wiihin or behind the pro*tomiuin. This i« followed 
by one nr more circumphary ngeal connective* to a 
' rn,r *il ( <‘id who b may be single or multiple and 
extend the till) length of the hodv. It mav be smooth 
HI *egrrient«illv ganglionated. The nervous system 
functions to conyev stimulations to various parts 
of rhe body. It may be further modified to proyoke 
abrupt response, and it may be secretory, affecting 
the rale and kind of sexual maturity. .See Mfrum’s 
“y*ll M I INM IUFRHAT1 I. 

(.in nhitnr\ systrm. The circulatory system con* 
-i*l* of median dorsal and yentral longitudinal 
\ e*»»e|* \ Fig. r . . and lateral or accessory branches. 

I \ |»ieall\ the hl«**d Hows forward in the dorsal and 
backward in the yentral vessel. Some annelid* have 
a completely dosed system so that blood and 
coelomic fluids are separated. In others the blood 
vessel* are reduced or absent, which results in a 
hemocoele in which blood and coelomic contents 
arc mixed. Pulsating vessels or hearts may he 
present in one or several segments. They function 
If) propel the blood in a fixed dim tion. The circula- 
tory *ystem functions primarily to distribute meta- 
bolic prodio ts to the body cells, and effect* oxy- 
genation through re>pdatorv organs or branchiae. 

' ‘ Cir« u vrtox. 

F.urrtorx s\strni. The excretory system mav he 
*imple. complex and extensive. or much reduced. 
l ! *uallv it consists of paired segmental organ* or 
nephridia. present in a few or in manv body seg- 
ments. or reduced to a single pair in front. Thev 
mav he simple ciliated cells with tube* connecting 
the coelom with the outside, to release waste prod- 
ucts. Or they mav he more highly modified, with 
accessory parts, thus called metanephridia or ne- 
phromixia. and have the additional functions of 
releasing sexual products to the exterior. See 
Excretion. 
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Fig. 3. Glycinde, „n*erio, j 
end with proboscis about I 
half averted, showing Qn | 
nutated prostomium wi| f, j 
distal antennae and phary n . 
geal processes, seen f, om 
the right side. 


proximal end of avertible proboscis 


para podium 



ii 


prostomial antenna 
j annuiated prostomium 




Muscular system. The muscular -v-tem run-i-t- 
of circular. longitudinal, and oblique layer-. vary- 
ing in extent and density with the kind- of organ- 
ism. Individual mu sole cells may be -month or 
striated. Sensory organ- are of many diversified 
kinds. Fundamentally they are terminal neural 
prolongations surrounded by fle-hy tissue. Thev 
serve as receptors of various kinds. Some are modi- 
fied as eyes, as sensory papillae, a- pharyngeal 
taste organs, as -tatocy-ts or organs of equilibrium, 
and some are concerned with the protection and 
care of juvenile stages. Because of their -oft. often 
unprotected body, many annelids have high de- 
grees of glandular development concerned with 
slime secretion, tube building, boring and burrow- 


'partly everted proboscis' 


Fig. 4 Phylo, left lateral view, showing prostorn.o" 
and thorax with biramous parapodia, accessory lobe 
and projecting setae, and harpoon setae 

longitudinal muscle band elytrum 

dorsal blood vessel. \ I intestinal co**i». 

alimentary tract \ \ I / spin*' 






ventral blood vessel / /^neuropod 

/ \ / setae 

ventral nerve cord'' / / 

longitudinal muscle bond * ventrol 

cirrus 

Fig. 5. Pantholis, cross section of a middle seg^ei 
showing the arrangement of parapodial parts ar 
internal organs. 


ing. or with various kinds of food intake. 

Reproductive system . The reproductive system 
is simple or extremely diversified and complex. In 
many cases sexes are separate i dioecious) and 
adults resemble one another. Ova and sperm cell** 
are proliferated from septal walls of a few or 
many segments, and ripen in the coelom after 
which they are shed to the outside, where fertiliza- 
tion and development proceed. The life cycle may 
terminate after the discharge of generative prod- 
ucts. or there may be successive generations. Many 
polychaetes and all Clitellata are largely hermaph- 
roditic, with all individuals functioning as both 
males and females. Protandry, in which sexual 
stages are successively developed in a single in- 


dividual. and parthenogenesis or lack ol 
phase, arc other wcll-knpwn in-lain e- of ^ xl ‘ 
development. Many annelid- reproduce 1 
lively, by budding, fragmentation. tnelameti< nui 
tiplication. or related pftirc—cs. Srr Fahiiun' 
oknkms: Pkotsnury; Rm*Houi;< n«>\. amm'I- 
Regeneration. The ability to replace M 
worn-out parts is highly ‘Specialized ' n irl,in ' 
nelids. Fragmentation frequently results in a* ,n ^ 
new individuals us there ure pieces, prov ,r *|^ 
or more entire segments, posterior to tin P 1 * 1 
geal region, remain. In others the re|>ku«int^ 
parts is limited to certain region- nr 
growth. See Keck* krai ion I bioi-cm:v t ■ 1 
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( ,sm! annelids, or segmented worm*. an; relatively 
iir . vet sufficient Iv common to indicate that thi- 
irt rr and varied group of invertebrate- ha- been 
and abundant for more than 500.000,000 
,. a rs of the earth*- hi-torv. 

Oligochaeta. Member* of the « la— Oligoc haeta 
|r t dunguted annelid- with few cliit ifiou- hri-tle*. 
^liic) and no -mull leg- ( para podia l . The < om- 
IHir , example i- Lumhnnts . the earthworm. The\ 
, a \e long been active geological agent- hecau-e of 
|,rir handling of the -oil through which the\ bur* 
ov% and which the\ ingest to remove the organic 
mitent. Although their actual fo— il remain- can- 
„t he identified with complete certain! v. Prntn 
s ,„lr\ hat hr ri from the Lockport .Silurian rock- id 
\ r vs \ork i- a probable repre-entative. Srr ()i n.o- 
1 II At f A. 

Gephyrea. The annelid- of the • la— Cephwe.i 
al) r 4 hi«*H\ burrowing form-, Thu- po-iti\e evidmne 
„( f 0 — d representatives i- lacking hut the horiug- 
soim* K.ulv Cambrian strata. known a- ,S mhthus 
lulu*-, po— ibl\ were made bv tbc-e wot in-. In addi 
tin n the genera Ottoiu ami linnffiu. which are rep 
.ro-nud b\ carbonized irnpie— imi- in the Middle 
( miliiian Ibitge— shale haw been de-t riheij tenia 

• i\rl\ a- gepliMcan worm- bv C. I) Wabolf 

Hirudinea. \mielid- of the «la— llinidmea. ot 
•in lie. lie-, have a -ingle doubtful h»-wl tepre-rn- 
t u t ii<n in a carbonized colonial form known a- 
s fi/rptinit s w b ic|i i- common in mid 
Nlmian -data neat Chi* ago. .See Hint imm v 
11m 1 worm- <*t the « la— Mv/o-tmna are pai,i-iti< 
i'!i uirmid- and -tarfi-h. When the woim- lia\e 
,:r, idl'd the ei toderm between the plate- of the-e 
«. Iiiiiiulerm-. the bo-1 -n rete- » ah iuni carbonate 
iud -cal- olT the paia-ite. The re-ultant deforma- 
'i .ii i- lvpi«al. and e\ idem e of it i- rea-onabl\ 

• leai in fn—il crinoid lemain- from the Mi— i— ip- 
;aan ami Jura— it -I rata. 

Polychaeta. Annelid- belonging to the ela— INdv* 
dia eta have abundant -etae and are u-uallv marine. 

I be -edentaiv polvihnetc- iif the order I ubicola 
'irnuind them-elvr- with a cab areou- tulie or one 
dn. h i- composed of ngglutinuted foreign par 
!1, le- Si'rjitthi is U well known iepie-enta!t\e whit h 
r ' oif-s to !ne in nilnnicv Tubes of scrpulid woim- 
JM ’ f"imd a- fos-il- in rock* as old a- tnid-INileo- 
1he\ made -mall reellike -Irui lure- in Jnra- 
and built bio-l route- in ihe Oelaceou-. 
N| mii‘ iif the-e are well pre-er\ed. a- in the Seipu 
'.'•■nliafk tv-rpulitn ih.ilh > of Cermanv. The mod- 
en ’ Vrpula ntfdls of the Bermuda area represent 
J "‘"tmuation of ihi- t\pe of worm structure. 
"Iinh per- is ted through ijie Cenoroic F.ra to the 
l ,nN Hlt. .See RiosTROMK ; Poi.Y* »l UVI A. 

tyiforfti.t is another characteristic annelid fo— il 
Muh occurs a- solitary coiled tube* 1 5 mm in 
,J tnpler cemented to some foreign object such a* 
^weed*. rocks, or -hells of other organisms. This 
M M> of annelid ftmail is found in rocks a** old as 

'mlovirian. 
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Ihe order of polychaetes known as Miskoa was 
established for remarkably well preserved fossil 
annelid- from the Middle Cambrian Burgess shale. 
Mi shaft % (.ntiadift. and fT iunxin an* the three genera 
represented. 

PoKchaetes that comprise the order Rrrantia 
are crawlers nr swimmers. They are strongly ‘seg- 
mented and marked by parapodia with tufted -etae. 
I heir -igniftcunce u- |)aleontological object-, how- 
e\er. ‘»tern- largely from the fact that they ha\e 
pimerlike jaws in the pharynx and commonly 
nian\ -mailer denticle- farther forward. All of 
the-e “teeth, commonly ranging in maximum 
dimension from 0.5 to 2 mm, are grouped under 
tire general term -* oleeodont-. 

Scolecodonts. Scolccodonts w 7 ere first reeognized 
in Ordovician -Irata from the Baltic region in 1850. 
A* earlv a- 1877 they were described from rocks 
of I ale Ordovician age cropping out at Cincinnati 
and fhc\ have been rather extensively studied, es- 
pe* iall\ -ince about 1030. 

Scolei odonts are paired jaw-, although most 
• ommi»nl\ found -ingle, i ompo-ed of chiton, which 
tend- lo l»e iet black in the fo— il specimen-. 
Normally they are opaque in their -ection. They 
are ordinal ih well pre-erved and re-i-tant and can 
be reiovcied a- part of the insoluble re-idue after 
h\drn< hloiic a< id reduction of lime-tone-. The\ 
have al-o been obtained from -and-tone- which 
have been treated with hydrofluoric acid. Normally, 
however, they are vva-hed out of limv or -andy 
-b * le- w itlioiit the net e— it\ of a< id reduction. 
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Fig. 1 Scolecodont morphological features and their 
terminology. The largest of the 6 jaws represented is 
less than 2 mm long; 1-4 shown os complemental views. 
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R19 

1 m — 21 — 3r — 4* < 91 > 19m 
Fig. 2. Dental formula for a large typical scolecodont. 
R = ramus, r = roder or largest denticle, I * large, 
s = smoll, m m minute. Teeth are numbered in se- 
quence from anterior to posterior. 



Fig. 3. Ten scolecodonts varying in length from ap- 
proximately 1 to 1.5 mm, and belonging to the same 
form species. 


The *hape<t, sizes, and names of the parts of 
scolecodonts are shown in Figs. 1 3. 

Scolecodonts have ordinarily been named in such 
a fashion as to suggest a relationship to a modern 
errantian worm. Thus Arabellites i« the name ap- 
plied to an Ordovician scolecodont which resembles 
the jaw of the modern worm Arabella . and Euni • 
rites was named because of its resemblance to 
Eunice . Generally the ending “ites" designates a 
fossil denticle. 

The genera and species are differentiated on the 
basis of shape, size, number of teeth, gross archi- 
tecture of the denticle, and design of the muscle 


scar, if any. Moreover these are form, or ttrtifu-i a | 
taxa. This results from the fad that modern annelid' 
worms, und presumably most ancient ones, 
a wide range of jaws and denticles. These tuxa m <h 
differ so markedly from one another that. when tf„. N 
are found as isolated fossils, the paleontologist is 
likely to classify them under several different g rh 
era despite their common origin. 

A few articulated scolecodonts have been loun,j 
but they are very rare paleontological oI»|i»k 
S pecimens of the entire hodv outline of u ^ or 
showing some of the denticles in place are fxn , 
more uniiMial. but they do occur. Eunirites atitn\ 
K. Khlers. from the I ate Jurassic Solcnhofen |, n j, 
of Bavaria, is an example, and other sp,. ( j„ lrl ^ 
are known from nodules associated with s 0 [„ ( . fl j 
the Pennsylvanian coals of northern Illinois. 

Conodonts. The se are small to microscopic 
or jawlike structures which commonly ha\c ,, 
length of 1 mm or less. Superficially these 
resemble seolecodonls and are regaided Ip ^«,rri» 
authorities as representing jaw parts and dinii. |,. 
of an extinct group of annelid worms. The cvnbn. <■ 
that conodonts are parts of some fish or fblilik, 
vertebrates, however, appear* to he growing Mm,, 
over, conodonts are composed of < alrium phospluit 
rather than chitin. as are the scolecodonts and an 
soluble rather than insoluble in all but the wc,ik**o 
acids. \|sn, conodonts are yellow or brown in • nlm 
and somewhat amberoid in appearance wli»n.i. 
scolecodonts tend to be bla< k and normally link j 
high luster. > rr Conmoon i . 

Conodonts appear suddenly in the grolngn m 
ord in F.arlv Ordovician strata and air < niiitiinii n 
main Paleo/oi« sediments through the IVrmun 
Thev have also been reported from some Mi'-n/nii 
strata blit there is a tendency for paleontologist* i« 
regard such specimens as reworked Palm/nu !•>- 
sib. Conodonts have been i lassified a* belonging l< 
more than 1300 species tinder some lf>0 genera. Hnl 
tlie-e too are artificial taxa. and the straligu|ili« , i 
ordinarily recognizes and uses far fewer fnim* lr 
general the classification problems facing the *tu 
dent of the conodonts is the same a* the one whnli 
troubles the systematic who woiks with ihesmletn 
donts. or definitely proven fossil annelid remain* 

I ‘ '■ ' ' 

Bibliography : R. K. Sylvester. Scolecodont* It"* 11 
Central Missouri. J. Paleontol . 33 1 1 I :33 19. I 
C. 1). Walcott. Middle Cambrian annelids, ^naik 
simian Misr. Collr ti<ms % 57:107 145 . 191 1 . 

Annual plants 

Plant* which complete tjjieir life cycles in " nt 
growing season and then ^die. The cycle in* Im * 
germination of the seed, growth of the seedling 1 ' 
maturity, and formation of flowers, fruit, and *i‘ f 
Usually these are small herbaceous plants. ^ 
the bean, eorn, buekwheltt. corn cockle. J |n * 
weed. garden balsam, and California P 0 PP V - ^ 
time required for completion of the cycle van** . 
cording to the species; with most annual?. * ^ 

two or more months, but some ephemera 


lived) annual* of desert regions accomplish the en- 
tire c ycle within 2-4 weeks. See Plant. [ i\d.s.] 

Anomocoela 

A suborder of the order Salientia with prococlous 
prcsaeral vertebrae or with free intervertebral 
disks. This group of frogs has no free ribs at any 
s t a ge of development, and the coccyx is fused to 
the sacral vertebra or articulates by a single con- 
dyle- 

A single family, the Pelobatidae. is assigned 
to this suborder. The species of the North American 
perms Sraphiopus (illustration r| and the Euro- 
pean genus Pelobates, which is also found in north- 
west Afric a, are burrowing forms c ommonly known 



Anomocoela. (a) Soog/ossus secheltensis, a pelobatid. 
b Megophrys nasufa, a pelobatid. (c) Scophiopus 
Holbroofci, the eastern spadefoot toad. <From G. K 
Noble, The Biology of the A mphibia, Dover , 1954) 

i- -padcfool toads because of a sharp-edged dig- 
ging tubercle on the hind foot. In southeast Asia 
•h»T c an* live genera of pelobatids. the largest of 
^hiih iv \te#ophrxs t illustration b). .Sometimes 
regarded as pelnhatids also, but of uncertain aflin- 
)U. arc Soo^lossus ( illustration a » and Me.somantis 
"t tin* Sevchelle Islands and I’elodytes of Europe. 
V( * \mpmihia; Salientia. Ir.c.z.] 

Anopla 

1 tlciss nr subclass of the phylum Khvnrhocoela 
H huh is divided into the orders Pulaeonemertini 
Hcteronemerlini. The proboscis is a simple tu- 
structure which lacks stvlet* and histologi- 
‘‘Ih j« similar tit the body wall. The mouth open- 
h posterior to the brain. The nervous system 
|v '‘••nafed either in the musculature of the body 
"all or below the epidermis. See Enopla; Het- 
•novkmkhtini; PalakonEmkrtini. fc.B.r.l 

Anoplura 

^•nall group of insects usually considered to con- 
'•'tutc an order. They are commonly known as the. 
puking lice. All are parasites living in the cover* 
ln * hair of mammals. About 250 species are now 
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known and lhe;-e comprise probably about half of 
the species in the world. The group is known in de- 
tail to few persons, but two of its species are com- 
mon e< toparasites of the human race. 

The-e lice are distinguishable from the Malloph- 
aga by their mouthparts and manner of feeding. 

I he mouth parts consist of three very slender stylets 
which form a tube. When at rest, thev are retracted 
in a pocket which lies just behind the mouth. The 
antennae are usually 5-segmented, rarely 3-seg- 
mented. The thoracic segments are alw'ays very 
c loselv fused and lack wings. The claw is 1-seg- 
mented and on at least one pair of legs this claw is 
enlarged and can be folded into a process from the 
tibia to grasp a 1 air. In some species two and in 
others all of the egs are thus modified. The ovi- 
posjtor is very much reduced. It consists of but lit- 
tle more than two flaps which are able to close 
around a hair. Eves are commonly lacking and in 
those species in which they do occur, they are re- 
duced to a pair of simple lenses or two light- 
receptive spots. AH the species are quite small; the 
largest scarcely exceeds 5 millimeters (mm) in 
length and the smallest does not attain 1 mm. 

The eggs are attached to the hairs of the host by 
a glue which issues from the base of the ovipositor 
and envelops a hair 3 ^d one end of the egg. The 
young escape from the egg through a lid or opercu- 
lum at the free end. In general, they are much like 
the adult and immediately begin feeding upon the 
blood of the host. Feeding is accomplished by 
thrusting forth the tube formed by the stylets, 
piercing the skin, and sucking blood by a pump in 
the throat of the insect. Very few species have 
been studied closely enough to determine their 
life span, but in the human louse this is about a 
month. 

This habit of sucking blood gives the Anoplura a 
special importance. They take up any disease- 
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producing organism* there* may he in the host’* 
blood and may transfer these organisms to another 
indi\idual. Thus. they transfer the organisms 
which cause two of the mn*t important diseases of 
mankind, epidemic typhus and relapsing fever. A 
third disease, trench fever, which gained great 
prominence during World War I. ha* also been of 
very great importance. 

The transmission 4>f these diseases depends en- 
tirely upon certain hahils of the insects, coincident 
with certain hahits of their host*,. 

Indeed, these lice have become so closely adapted 
* * life upon a particular kind of mammal, both 
physiologically and physically. that the\ can 
scarcely move about except when they are sur- 
rounded bv its hair or bodv covering, and thev ran 
subsist only on it* blond for any length of rinje. 
The transfer of a louse, from oi*e host to another, 
can occur only when the hosts are in close hodilv 
contact a* in the nest or at the time of mating. In 
the case of man, the lice rnay become detached and 
enter the clothing or the bedding. In times of social 
disturbance, such a* war or when people are 
crowded together as formerly occurred on ships, nr 
in jails, and slums, the opportunities for an ex- 
change of these parasites are enormously increased. 
Under these conditions in certain parts of the 
world. louse borne diseases mav become epidemic 
and produce tremendous mortality. The rinse re- 
striction of each species of lice to its special host 
is sufficient to account for the fact that diseases are 
not transferred from one specie* of mammal to an- 
other. This has made it possible to prevent the 
epidemic spread of human diseases that are trans- 
mitted by lice by employing methods of cleanli- 
ness and destroying the lice. One epidemic disease 
of a rodent, that is carried by lice, is known 
from India and there are in all probability others 
not yet known. 

The degree to which lice are restricted to one 
kind of mammal or to a few closely related kinds 
may be indicated in the following discussion. 


There are two species of lice which occur upon 
man. One of them is Pvdivulus humanus I... j| le 
head and body louse which transmits the disease 
mentioned above. Apparently it sometimes occur* 
upon gibbons in zoos and has been recorded from 
certain New World monkeys. Other quite distinct 
species of the genus Pediculus are known from ||„. 
chimpanzee and from New World monkey*,. i|„. 
other species occurring on mun is Phthirius [wins 
known as the “‘crab louse,'* and, it is restricted. aj . 
far as is known, to man. although a second sp«.rj,., 
has been described from the gorilla. It transmits 
no known disease. The lire of the Old World m({11 
keys are referred to another genus. Prdicinits. V, 
Inskcta; M ai.i.oih \<;\. | ( , , , , 

Anorthite 

The calcium-rich end member of the plagim |j>, 
feldspar series. It* composition ranges from Al» , 
An-*, to Atiim. i Ah --- NaAISi.CK and \n : < ; a \ I 
SijOs ) . It* crystal strut tun* is shown |»\ vi.iv in 
irrigations to possess a highly nrdeierl \| sj di> 
trihution within tlic t \I.Si I jO^ frarnewtuk «lifi* r 
ing from that in microcline and alhite In tin* puic 
(!a\ljSijO, compound, each \IO t tel lalininui i- 
apparently surrounded by four SiO, Iriiahnlfin 
and vice versa. Whereas rhi- kind of nrdeiin^ i- 
under rqiiilihr ium < ondition*. always present up r-, 
the melting point (l. r >M (!». stiiirtiir.il dith-mm- 
ore 11 r as a result «»f different f!a positioning .imi 
as a f uric r ion of tempei atnre above loop ( M> ( 

temperature at whieh the (!a disorder set* in i- ,i 
font tinti of the \b tonterit. Tli«* larger the M»<<.n 
tent, the lower is tlii- ternperaliin In « •»!!-* 
tpient e the following phase relations exist in ih, 
\n • rich plagioelases atmrthite-hv toiwutr* anm tliit* 
(low) is the highesi-finiered f'.a-rith stnntim* i- 
far a- the M >i tlistr jbulion and the ( a po-inomn- 
are t oncerned ; anorthite (bight i* *iinil.iih 
dered with re*pe« I to the M Si di-li ihiifmn ,e 
anorthite (low i. but i* disordered with respr, t i.» 
the (la positioning; bvtownite (low I < orie-p«inil- 
to anorthite fhigli). hut with part of the (.1 mu 
domly replaced b\ \a: bvtownite 1 high 1 fin 
s pond* to the albite tv pe strueture forming a 11,11 
tiriuous seties of solid solution* with alhif' 
<Na\|Si ; 0 , ) at high temperatures. ,s># Itiim’U! 
l(,NMM's K(M K>. ! , n ‘ 

Anorthoclase 

The name usually given to Alkali feldspars Inning 
a chemical composite n ranging from Or A 
to Orp Ah-*, ± up to approximately iiU riiole 1 . 11 

i Or. Ah. An - KAISiO*. NoAlSi/k. CnW^- 
0* ( and which deviate in oife way or another b“” 1 
rnonoelinic symmetry tewfing towards iri* 
symmetry. When found in liature, they usualb ‘ J 
not consist of a single phasf hut are compos* 
two or more kind** of K- and Na*rich dnin* 1 ' 1 ^ 
mostly of !suhmicro«copic *ize. In addition * 1 ^ 
are frequently poly synthetically twinned aft** ^ 
ther or both of the alhite and peridine la''-- 



appear* that they originully grew as the inonodinic 
in( „ialbit<J plume inverting am! umnixirig in the 
i0 ,,!*»(? of cooling during geologic al limes. They are 
npirally found in lavas or high-temperature rocks. 
y t , Khl.l>SI»AI« : Ionkoiis hocks. |ki.\.| 

Anorthosite 

\ phaneritic (visibly crystalline I plutonie rock 
with granular texttire composed of plugim-la-c feld- 
spar (andesine to unorthite) with minor amounts 
dark-volorcd (mafic) minerals (pyroxene. oli- 
vine). Sve Cahhho; IcNKotis hocks; Py ihoi.iimuiic 

| < .A,( A. | 

Anostraca 

\n ordci of shrirnplike crustacean- of moderate 
n|/i . fi 180 millimeter-. generallx reb*irc*d to tin* 
uli, Hranchiopoda. rites are commoulx railed 


ontennuloe * 




antennae 


legs 

s* • 

si: 

***** 

V, 


penes - 


thorax 


abdomen 


2mm t 


telson 

cercopods — 

5'nnchinecta pa/odosa, male, lateral aspect 


■'■r tans -hump**. The cslindrical trtmk c oii-i-t- 
" ••'■I 1\ <»♦ |0 -ornilc-. of whi« h the hr-t 11 are leg- 
ti niti Him* ate also form- with IT or 10 leg- 
"‘•srmg -egment- in addition to 7 legless ones, 
f h* liM 2 legless segments beat eithei th«* penc- 
: an rgg pouch. Their aie ‘2 flattened ernopod- 
■f! the te|soii; there is no carapace. 'I he paired 
"*■' an* pedunculate ; the .intenmilae small and 
‘‘thplr. Iii the female. the antennae are reduced to 
■‘''uuliilc lubes, but in the male then are powerful. 

' inintc-d, clasping ot gaits, often prosided with 
,,: >tSicmths of considerable si/e. The legs are folia- 
m,,i,n iind of almost uniform structure. I lies lotm 
^ ,rr « liarnhcrs. laterally tightened h\ exiles, into 
^ l, ‘b water is suc ked bv the movement- of the 
and then is filtered through drn-elv placed 
■"•nles mi the long median setae. The plankton and 
thus gathered moves forward to the mouth 
1 ■* o'ntral groove belw r een the legs. 

jfj() Hrr . described, among which 

ffnn,1t safina is common in saline waters. The 
lr,Us tracaiiM live in nonpermanent pool- in all parts 
1 "<‘Hd. sometimes in considerable nunilter*. 
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I hey usually swim on their back. Their eggs with- 
stand extreme desiccation when the pools dry up. 
I he young hatch in the nuuplius stage. .See Bkan- 
Cl! lOI'OI) A ; CoNCIlOSf HACA. [ F.I..] 

Anoxia 


The failure of oxvgen to gain access to or to he 
utili/rd h\ the body. Although the term anoxia is 
fominonl) used, a more precise term, hypoxia, is 
more* often applicable because there is seldom a 
complete oxvgen defect. 

Oxvgen deprivation may result from interference 
with some -tage of the inspiration, lung diffusion. 
bl<»od transport, cellular absorption, and final uti- 
lization bv enzvnie systems. A defect at any one or 
more of these major stage*- quite often induces a 
decreased ability of other related mechani-m- to 
-urvive. I fiis j- w # *en mo-1 dramuticallv in arts form 
of anoxia in which the brain i- deprived of the 
nece-sarv oxvgen for more than a few minute-. 
None cell degeneration begin- quicklv. and al- 
though the original cause of anoxia i- removed, 
damage to the respirators center- prevents re-urn p- 
lion of breathing ..Sec Ri.-imk vtukx -v-rK\i. 

Oxvgen mas not enter the lung- in adequate 
amounts heeju-e of inwt*red concentrations in the 
atmosphere- or he< au-e of obstructions in the* air- 
ssas-. I'Apo-ure to high altitudes, drowning. -Iran- 
gtilat ion. aspiration of a foreign hods, or lung 
disease arc extrinsje c au-e- of anoxia. .Sep Ri-.sim- 
KMtuN. t XII.HS VI . 

liictdeqtidcv or failure of the respirators merlia- 
nisrii ntav result from trauma, poisoning, progres- 
sive hs po\ia. and other c ause-. 

1 he pa— age of oxvgen from the lung alveoli to 
the adiacent blond capillaries max be prevented or 
de« rea-ed b> -udt condition- a- chronic lung dis- 
ease. infection- ;ue>ence of foreign material-, or 
ties elopmelltal den . t-. 

V gieat number of di-order- inav interfere with 
the blood tran-poit of owgen. most of which i- ac- 
complished l»v the red blood cells. Various form- 
of anemia, heart di-ea-e. trauma, hemorrhage, and 
circulators di-ease- arc examples which show the 
wide range of possibilities. In brief, anx circum- 
stances which produce a decrea-ed blood -upplv or 
a decrea-ed oxvgenation of the blond cell- fall into 
thi- categorx . >ec Ri-imk\iokv sv-iim msunm k-. 

Oxvgen tr m-fer from the blood into ti-sue cells 
max he prevented hx at x change which ha- made 
l l t tran-fer difliciilt m impo—ible. Cellular dam- 
age max be caused 1>\ a lio-t of agents, including 
previous anoxia or hxpoxia. The most notable are 
various microorganism-, noxious chemicals, and 
phx-ical injurs. 

The term anoxia is used hx mans authorities to 
indicate* an oxvgen deficiencx at the tissue level, 
and failure of cellular re-piration max he desig- 
nated histiotoxic anoxia. Other terms are employed 
to diffeientiate the type of oxvgen lack or the stage 


in the total respiratory process 


where defects oc- 
| F..G.ST.] 


our. 
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Anseriformes 

An order of birds comprising two living families, 
the screamers (Anhimidae) of South America and 
the cosmopolitan waterfowl (Anatidae), and one 
family (Paranyrocidae) erected to include a Mio- 
cene species from South Dakota. The number of 
valid genera and species of waterfowl is a subject 
of continuing debate among ornithologists; ap- 
proximately 45 genera and 150 species are usually 
recognized. 

Importance. Birds of this order are of great eco- 
nomic importance. The mallard (Amis platyrhyn • 
chos 1, muscovy duck (Cairinn moschata ), gray lag 
goose (Anser anser ), and swan goose (Anser ryg- 
noid) have long been domesticated, and many spe- 
cies of ornamental waterfowl, especially the mute 
swan iCvgnus olor) m are kept on lakes and ponds 
of parks and estates. The down of the common 
eider (Somateria mollissima ) is in great demand 
for bedding. Waterfowl are everywhere among the 
most popular of game birds. 

Among the Anatidae are included such diverse 
forms as the long-necked swans; the true geese, 
confined (in the breeding season) to the Northern 
Hemisphere: a superficially similar group of 
“geese” from various parts of the Southern 
Hemisphere; the well-known river ducks (includ- 
ing the mallard) and pochards (including the 
canvashack. Avlhya valisinrria ) ; and the mer- 
gansers. with serrate bills adapted for catching fish. 

Morphology. The three species of screamers i An- 
himidae) are superficially quite unlike waterfowl. 
They have long, iinwebbed toes, long legs. and. a 
chickenlike hill. The bend of the wing is armed 
with powerful bony spurs. The inner surface of the 
skin is highly pneumatic and appears to he covered 
with small air bubbles. Nevertheless there are sev- 
eral anatomical features which link the screamers 
and the waterfowl. 

The most primitive of the waterfowl is the semi- 
pslmatcd goose ( Anseranas semipafmata) of Aus- 
tralia. now placed in its own subfamily, ft ap- 
proaches the Anhimidae in several anatomical 
characters. The toes are only partially webbed, and 
the flight feathers of the wing are molted gradually 
instead of simultaneously as in all other waterfowl. 

The ducks, geese, and swans have in common a 
thin la>er of skin covering the hill, which is tipped 
with a horny nail; webbed toes; a relatively long 
neck; and the simultaneous molting of wing quills, 
which results in a flightless period. Variations in 
shape and size of hill closely reflect manner of 
feeding, and convergence in bill structure has led 
to erroneous classifications of waterfowl in the past. 
.See Avim. | K.C.P.] 

Ant 

Any of a large number of insect*, usually grouped 
in the family Formicidae. order Hymenoptera. 
Ants are one of the most common insect groups. 
They are small, narrow-waisted, social insects. 



The black ant, Monomorium minimum . (a) Q ueen 
length about \/ % in. (b) Drone; length : *| rt in. (c) Female 
length about in. (From E. L . Palmer , Fteldbook o 
Natural History , McGraw-Hill, 1949) 

which are wingless except for the swarming 
generation, almost alwavs called thing anis, \ n t s 
are world-wide in disti ihution, inhabit mg all l.ii 
the colder regions. Solitary species are not known 
although the size of the colonies varies widd\ will 
the species; some c olonies may exceed HMMKH) m 
dividual*. 

Social organization. The complex it \ of i}» 
social organization of the ant rnlonv lias |.*m 
much studied. There is a large variation in the •!< 
tails of the life history and oolnrn orgavii/ation ■!» 
pending upon the species, its general habit-, .im! 
its food. Typicalh. the winged male ami fem.ili 
ants mate, and the female bites olT bet winy- ,ilirr 
returning from her nuptial flight. She lav- »»nl\ a 
few eggs which she cares for until the ant- Hr*\ rbip 
After that she only lays eggs and is tended b\ In*: 
workers, who feed her a liquid food. In an c-ul» 
lished colony there are alwu>s wingless workci- 
males. and a female called the queen. Male* di» 
after mating. These three forms, or castes, arc in 
turn subdivided into various polymorphic hum- 
Usually there are large, or major, worker*, and 
small, or minor, workers; some of the male- a- 
surne an appearance similar to the workers, which 
are always females. In some colonies there i- a -r 
rial caste of large, heavy-jawed ants, called -<»l 
diers, whose sole functiopi appears to he the <h 
fense of the colony from intruders. 

Most unfs nest in the gjfound, leaving irnmnd* 
soil at the surface in thf characteristic ant hi 
Other species may live £n logs or stump*. lf 
army ants and their relatives have rio perniancn 
nest at all, carrying their young and eggs with t irm 
op their almost continuous marches. 

The majority of ants afle scavengers and an 11 P 
ful in converting organic material back to mH ■ ' 
well as in turning and aerating the soil b> 
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|axr avaKions. The Atta ants rut and carry leaves un- 
jt-rgroiind where they use the leuves to supply food 
f„r fungus cultures on which they in turn feed. 
Others are predaceous and attack a wide variety 
u f animals. Best known and most feared of the 
p^daceous species are the tropical army ants. The 
l,„. ants, including both native and imported spe- 
( je„ in the southern United States, may uttack and 
l,|| nestling birds and other wildlife. (Ground-nest- 
birds such as quail are highly susreptible to 
ilit'ii attacks. 

Important kinds. The imported fire ant. .So/e- 
nn/iMS stievissima var, rirhtcri . a tropical species. 
!, r vt appeared in the United States near Mobile in 
|0|H. It was at first thought to be only a minor 
p( M. but since V)V) has developed into a major 
p,„bleri» over much of the South. Controls so far 
jit.mpted have been expensive, hazardous to both 
nun and wildlife, and somewhat ineffective. This 
ant mtiv become America’s worst insect pest unless 
,t ran be contained and ultimatelv eradicated. It 
,!mio\s plant and animal life alike and it* stings 
.■•mrtmir- prove fatal to children, although it is 
i,r.,|iablv not as dangerous as some reports have in- 
iii< .itril. 

riie Nrgentine ant, Iridomxrmex humilis . is an- 
.,iiif*r imported species, now well established 
timugfiniil the South and California. \n annoviug 
iiwu-ehold pest, it is wlmllv omnivorous and in spite 
.! it- -mall sj/.e drives out all other specie- of ant- 
■dirrc it I in nines established. It rnav cause run- 
-nJiT.dde damage to crops through it- habit of 
'i in-port ing and protecting aphids, mealybugs, 
uni some sealr insects jn order to harvest ,md eat 
Mi** lionevdew which these insects secrete. This i- 
'In* most aggressive and mi« « e-nlid of the jphid- 
•■•■tiling ants. 

Die large, black carpenter ants of the genus 
\ mfumotns are among the best known of the large 
oil- Tliev usually eat dead in*ei fs. hut mav he 
! I'lnhircous. and will eat sweets and other food 
| ' h# \ can inflict a painful sting. 

\ number of species of ants capture and carry 
’ll the pupae of other ants and keep the workers as 
-lay ] ras i Polyrrftus lurid ns . the ama/on 
»>i. i annul exist without slaves, since thev produce 
workers but only soldiers, and must capture 
r«» do the work of the colony. See IIymi ><>r- 
^hv: src also Social INSFCTS. f .1 .r>.n> ] 


Ant lion 

^ny insect of the family Mvrmeleonlidae. order 
^Mimptera. The adults are superficially similar to 
'^nisH flies, with two pairs of large, net-veined 
H ‘ n *^ and a long, slender body. They differ, how- 
1,1 the pattern of the veins and in the absence 
“ftlie nodus on the wing. Ant lions are soft-bodied 
■wd h t *ve clubbed antennae. Thev ire feeble fliers. 
The young, usually called doodlebugs, live in a 
r -‘ Altered place, where they dig funnel-like pits 
ln *he sand. Any insect wandering into the pit is 
Promptly pulled or knocked to the bottom bv sand 



The ant lion, Myrmele on immacu/atus ; length of adult 
about 11, in. (from E. L Palmer, Field book of Natural 
History, McGraw-Hill , 1949) 


slide* made by the doodlebug’s frantic flipping of 
*<ind. and i- tiius trapped and its body juices 
sucked out by the hollow jaws of the doodlebug. 
See Iwi i a: \. morn ra. [j.d.b.] 

Antarctic Circle 

1 lie parallel of latitude approximately 66V 
i -outb of the Equator, and 23 V from the 
South Pole: the *ame angular distance from the 
Equator a- the inclination of the earth’s axis from 
tin* plane of the el liptic. It is the parallel of lati- 
tude to with h the sun’s rays will extend hevond 
the South Pole, on December 22 Ulie northern 
hemisphere winter solstice), when that pole is in- 
clined 23V toward the sun. On that dav the sun 
will he above the horizon for 24 hours at the Ant- 
antic Circle. On thi* same day the sun’s rays at 
noon will |ust re-.rh the horizon at the Arctic Cir- 
cle. MV north. 

Although the longest period of continuous sun- 
shine at the Antarctic Circle is 24 hours, the long 
da>s preceding and following the solstice, and the 
long periods of twilight, allow a season of about 
5 months of continuous dav light. The highest alti- 
tude of the noon sun will he 47° above the horizon 
on December 22. See Oiomuphy. m A iiit'M ahcal; 
Soi.sTlC K ! V.H.F. l 

Antarctic Ocean 

The Atlantic. Indian, and Pacific Oceans are gen- 
et dlv regarded as ext» nding southward as far as 
the Antarctic continent, hut it is useful tn have an 
ext? a integral name for the wide belt of ocean 
where thev join around the continent. Because of 
the symmetrical arrangement of this ocean around 
the central polar land mass { Fig. 1). there is a 
circumpolar arrangement of climate, winds, and 
currents and. apart from some significant grada- 
tions. the physical and biological conditions are 
arranged in similar circumpolar patterns. Cartog- 
raphers are not agreed on just what name to use 
and what precise limits it should signify, but scien- 
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Fig. 1. Surface boundaries in fhe Antarctic Ocean. 
( National institute of Oceanography 1 


tist* have lived the names Southern Orean. Antarc- 
tic Ocean, and South Polar Seas general trim* 
for all the oeean south of Africa. Australia. New 
Zealand, and South America. The width of I hi*, 
circumpolar ocean is generally 1500 2000 mi. but 
it is restricted to a relatively narrow * hannel some 
600 mi wide between Cape Horn and the Palmer 
Peninsula (British designation. Graham I.andi. 

Oceanographic investigations. The first explor- 
ing vnvage to the Southern Ocean was the Portu- 
guese expedition under Vmerigo Vespucci in 1502; 
British and American sealer* started work there fol- 
lowing Cook's voyage of 1772 1775; and the first 
modern whaling station was established at South 
Georgia in 1001. Pelagic (open sea » whaling, using 
floating factories, became an important inrliistrv in 
the 1 9.10s. Much of the knowledge of the Southern 
Ocean has been built up from the careful notes and 
descriptions made by early navigators and polar ex- 
plorers, but the systematic stud* of the physics and 
biology owes most to scientific expeditions in ships 
such as the Astrolabe and Zelee, Erebus and Terror . 
Challenger, Gazelle , FI el giro , Valdivia , (Muss, Me- 
teor, and Norvegia, The continuing research of the 
British Discovery investigations into the stocks of 
the blue and fin whales and their environment has 
probably made the largest contribution. Fairly con- 
tinuous observations made over 15 years are still 
being worked out. Recent exploration has been 
stimulated by political impulse to stake out claims, 
as well as by the scientific attraction of innumerable 
and fascinating unsolved problems, and even in such 
project* as the United States Operations High- 
jump and Deep Freeze, systematic study of the 
ocean has been subordinate to exploration of the 
land. 


Ice. In winter a belt of pack ice extends outwards 
from the continent. The* mean width of the p iu |< ^ 
about 600 mi, though it is little more than half 
width south of Australia and not more than IfK) fll j 
west of Palmer Peninsula. In February and \| arr | 
much of the continent is free from ire, but the ». a „ f 
coast of Palmer Peninsula and the long stretch,, f 
coast between Palmer Peninsula and the s ( - 
are still inaccessible (Fig. 2). Where the ice is ^ 
newed each year it is only a few feet thick. hut 
much thicker floes may be encountered south of i| lf . 
Pacific Ocean and in the Boss and Weddell Se ;|s 
where the sea ice can remain attached to the | liri( j 
ice for several and perhaps rnanv years h*h, rr 
breaking out to warmer latitudes. The Antarctu 
continent i** covered b\ the largest mass ,,f nint| 
nental ice in the world, and all around it there {m , 
places where the lund ice i* afloat in the f orrr) „f 
shelf ice (Fig. It or glacier tongues. The extensor 
areas of shelf ire give rise to large flat-topped. 
lar icebergs 1(H) 200 ft high. There are always | H in 
dreds of these bergs measuring more than a mmiV 
in length. Many have been measured up to Jo 
10 ini in length and large bergs nearly 1(H) mi . 
have been reported. .Ve l< winu.; \ i< k 

Surface circulation. The prevailing vw-*i wm.l- 
( roaring forties of tin* northern part ot the rut^r 
were much used b\ sailing ship-.. These winds ,u. 
strongest in latitudes 15 50 S in the Allanli. .ml 
Indian sectors and about 55 > in the Pacific i - 1 
They extend snuthw.irds to about 60 s in th< 
lantic sector and 65 > in the Pacific. The w.iin 
movements \ar\ with the wind, but the i< suit mi 
current is east and north i Wr*t Wind Dutti .ml 
probablv less than half a knot. Smith of on o'. s 
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Fig. 2. Accessibility of Antarctic coast*, 
from U.5. Navy Hydrographic Office, H.O. 7 









Fjg. 3. Ice cliff formed from shelf ice on the right. On 
the left are small floes, blocks, and brash. ill.S. Navy 
Hydrographic Office) 



Fg. 4. Schematic section of south Atlantic Ocean 
showing subsurface water masses. Adapted from U.S. 
Navy Hydrographic Office, H.O 705- 

there i* a greater proportion of ea*terlv wind- anil 
near the coa*t of tin* Ai\tan ti< continent tin* < m- 
fiit -et* in a general we-terlv diicctinri < Ka-t 
Wind I >ri f t » . Norlherlx *rts *ecrn to o« cur where 
ilieioiKt has pronounced south-north trend-, and 
this i- particular^ marked in the Weddell Sea. 
"Iicre the wester I \ current i«. diverted northward* 
dinitf the east coa*t of the Palmer Peninsula into 
tin* easterh flow farther north. 

Subsurface water movement Studio- of the -uh 
''irhire distribution of temperature and snlinitv 
diow that the » urrcnt* ha\e much the same direc- 
tion at all depth-, hut the outward flow to the not t It 
Jl the -urface and a similar northward spreading at 
th»* hottorn are supplied In n southward movement 
"T warmer and more saline water in the intermedi- 
ate laser (Fig. 41. In the Atlantic sector the south- 
"urd movement carries water which has sunk from 
llu * surface in the North Atlantic Ocean mainly in 
•hf boundary region between Arctic and Atlantic 
ninents. At about 55°S % this water climbs steeply 
fr °m a depth of about 2000 m to 200 m before it 
“nuinues southward in a warm aubsurface layer to 
,lu * dope of the Antarctic continent. It is cooled 
Jn d diluted near the continent and spread- back to 
! U: n °rth in a cold surface layer which has free/.- 
in K or nearly free%ing temperatures in winter and 
,v warmed to more than 2 or .VC at the surface 
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even in midsummer. 1 his cold surface layer lies on 
top of tin* warm deep layer and sinks abruptly be- 
low the surface as soon as it reaches the latitude 
where the warm deep layer climbs from great 
depths. Where the surface water sinks, the surfuce 
temperature ri-es sharply to the north and there is 
a fairly well defined boundary between the Antarc- 
tic surface water and warmer sub-Antarctic surface 
water to the north. 

i nturriir (.omer figure. This meeting of the two 
kinds of water has been called the Antarctic Con- 
vergence. It lia* been shown to he continuous all s 
round the Antarctic continent (Fig. 1 ). Although it 
on urs rmiglih where the west winds are stronge-t. 
tin* position of the surface boundary seems to be 
determined as mm h by the circulation in the deep 
and bottom layeis (Fig. 4) as bv the surface cur- 
rent-. I he hottom layer is formed h\ the mixing of 
I lie warm deep water with very rold water from 
the \iitat<tie continental shelf whose salt content 
ha- been rai-ed to a high level by freezing proc- 
c*s-e^. I hi- mixing occ ur- mostly around the south- 
ern and wr-trrn margins of the W'eddell Sea. and 
tin* Vntarct:- bottom water i- therefore* colder and 
mote abundant in the Atlantic -ector than in the 
others. I line appeal* to he a clo*c association be- 
tween this abundance of the cold hottom water, the 
upward -lope «d the deep laver. and the po-itiou of 
the surface* boundary, which i* in con-eipienee 
found s,,tni. Kt j.nther north in the eastern Atlan- 
tic fhean than it i- in the eastern Pac ific'. Its posi- 
tion seem* to var\ little from season to season or 
v eat to \ear and ha* not c hanged as far as i* known 
onci th<* past 100 \par-: it i* like a polar front in 
the atmosphere, but it* po.-ition i- les* affected bv 
traveling disturbances. 

''ubtrnpiail (.urn rrgence. There i* a second 
sharp increj . in the* surface temperature near the 
northern limit o the Southern Ocean, where the 
*ul»- Antarctic water which -1 ill move* mainlv east 
and north meet- subtropical water. This northern 
bmmdarv has been called the Subtropical Con- 
vei genre i Fig. ] I. Its formation appears to be more 
dependent on surfac e currents than on the deep wa- 
ter circulation and it* position i* more variable than 
that of the Antarctic Convergence. 

Climate ami biology. Both boundaries i Antarc- 
tic and Subtropical Convergences! ha\e a signifi- 
cant influence on climate and biologv. The snow 
line of the barren island of South Georgia south of 
die Antarctic Com n genre is lower than the tree 
hne of the liehlv vegetated Staten Island which is 
in the same latitude and only 1000 mi awav hut on 
the opposite side of the convergence. Among the 
flouting and diifting plants and animals of the 
Southern Ocean there are many specie* which are 
typical of the Antarctic. sub-Antarctic, and sub- 
tropical region*. These species are sufficiently rare 
along the boundaries of the convergences to l>e 
regarded as intruders if found there. Others are 
common to both sides. The same is true of the 
fishes and of animals living on the bottom in shal- 
low and moderate depths. There is also some rela- 
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tion between the surface boundaries and the distri- 
billion of different kinds of marine sediments on 
the bottom. 

Summary. The Southern Ocean is a very gray, 
stormy ocean with far more cloud than sun. It 
lacks the rich fishing grounds of the Arctic, per- 
haps because there is less mixing of cold and warm 
currents and less shallow water, but it has abun- 
dant plankton, birds, penguins, seals, and whales. 
The whaling industry still produces some 300.000 
tons of oil each year. | c.k.r.d.] 

Bibliography : U.S. Navy Hydrographic Office. 
Oceanographic Atlas of the Polar Seas , Part 1: 
Antarctic, H.O. 705, 1957. 

Antarctica 

A continent of 5.000,000 square miles centered 
about the South Pole within a triangle formed by 
the southern limits of South America. Africa, and 
Australia. It is surrounded by the Antarctic Ocean, 
in turn the confluent southern limits of the Atlan- 
tic. Pacific, and Indian Oceans. Sec Antarctic: 
Ocean. 

Structure and land surface. The continent, a 
composite of snow. ice. and land, is divisible into 
two major physiographic provinces bv a line which 
is approximately along the 0 180th meridian, thus 
making appropriate the names Ea*t and West Ant- 
arctica according to the hemisphere in which the 
regions lie. West Antarctica, facing toward the Pa- 
cific Ocean, is much smaller and more complex 
than East Antarctica. The latter is believed to be 
largely a Prerambrian shield covered by a snow 
and ice cover approximately 1 mile thick, rising to 
an elevation of 12,000 ft or more. The plateau in 
the vicinity of the South Pole itself is about 9200 ft 
high and the irregular land beneath the snow cover 
varies between 1000 and 7500 fi above sea level. 
West Antarctica, on the other hand, seems to be 
largely a group of islands between which the ice i* 
known to extend downward to land several thou- 
sand feet below sea level in some places. Two large 
embayments from the Ross Sea and the Weddell 
.Sea almost separate East and West Antarctica. The 
landward sides of these embayments terminate in 
immense, partly floating shelf ice systems, 500 
1000 ft thick, effectively held in place by low is- 
lands and shallows. Farther inland, however, the 
ire mantle veils any evidence of a connection, if it 
actuallv exists, between the Ross and Weddell 
Seas. The Antarctic or Graham-Palmer Peninsula, 
extending toward South America, appears to be a 
continuation of Andean folding, as do outcrops in 
Marie Byrd Land. Also accentuating the physio- 
graphic separation between East and West Antarc- 
tica is a massive faulted mountain belt, forming the 
inland- facing margin of the East Antarctic shield 
Uee Horst). Detailed geologic knowledge of thi* 
lofty Antarctic horst is still very imperfect. Pro- 
ceeding from the New Zealand toward the Atlantic 
end, its various sections are known by such names 
as the Victoria Land, Queen Alexandra Range. 
Queen Maud Mountains, Horlick Mountains. Pen- 


sacola Mountains, and Coats Land. The rang,, 
reaches elevations at various points in excess 0 f 
15,000 ft. and throughout much of its length Hn . 
eicnt Precamhrian rocks are capped by flat-lyi,,^ 
sediments. 

Coal measuras. Among Permian sandstone and 
related layers of the Antarctic horst are lignin 
coal measures rich in fossils. Although spottilv v\ 
plored, some of the fossils reportedly include tr<*<* 
trunks a foot or two in diameter, proving that tjie 
region once supported extensive plant life and was 
much warmer than at present. 

There are a number of theories to account for 
the occurrence of Antarctic and high Arctic rnal 
deposits, as well as evidence of former glaciation 
in regions now tropical. Slow, cyclic change in 
world climate are widely accepted as a major pmli 
able cause. This theory is supported bv current 
small-scale weather changes responding to varu 
tions in solar energy. A second postulation emi 
sions that Antarctica, along with other continents 
was once part of the much larger continent called 
Condwanaland. The continents broke apart ami r»* 
distributed themselves over the globe h\ a 
drifting of the lighter-weight continent* floating tin 
heavier basaltie rocks, like those composing mo*t 
of the ocean floors. In this scheme, the coal, al 
ready aboard the Antarctic continent, was “rafted" 
to the South Pole. Still another theorv involve* th< 
concept that the continents have periodir.ill' 
shifted from one c|jmati< belt to another, a* a ic 
Hull of «low "wandering of the poles." The wandi-i 
ing is accomplished hv a continual rebalancing "i 
the earth about it« axis. The hodv of the earth 
slowlv assume* a new position while the a\»- i» 
main* aligned with the celestial sphere. Such mmc 
rnent at present is restricted to about 1 j foot pn 


year. 

Climatic character. Except for fringe* of F.j-t 
Antarctica and the tip of Graham-Palmer IVnin 
sula, the whole of Antarctica lies south of the \ni 
arctic Circle. This means that for period- van mi: 
from 1 day at the Antarctic Circle to 6 month- it 


the geographic South Pole, the region ha* pcimd- 
of 24 hours per dav of sunshine and equalb I" 11 - 
periods without sun. At Little America thit 
78' 30'S and long. 164 'W) the continual summer 
sunshine and the winter sunless period* hi*' I 
months each. The intervening 2-month period* hao 
sunrises and sunsets. 

Coasts close to the Antarctic Circle mav ha' 1 
summer temperatures occasionally above f W 
and winter temperatures seldom descend I ar be "* 
0°F. However, heavy katabatic air. draining off t »« 
continent and drawn toward low-pressure area- ° 
the coast, makes such sitep the windiest place* 
earth. Calmness is a ranty and peak velorim 
often exceed 130 mph. . 

Radiant cooling in winter and high albe< «». 11 
fleeting the summer sunshine, make the cmium” * 
interior of Antarctica the coldest place on ear 
On the higher central snow plateaus temper** 11 . . 
rarely rise much above 0°F even in continue 11 
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^'9 1 Relief and coastal zone chart of Antarctica. from a chart in U.S. Navy Hydrographic Office Publi- 
-ontour* and depths indicated in fathom*. < Modified cation 705) 


‘‘iniinrr sunshinr*. The coldest recorded -pot in win- Snowfall along the coast is generally 1 2 ft per 
i* \o-tock Station I geomagnetic pole), lat. vcar and a* little as 6 in. on the polar plateau. Six 

S. long. 106' 52'E. elevation 11.600 It. where inches would correspond to about in. of water: 

, ll ^ an meteorologist* in l ( ). r >8 reported —125°F. t; - mean* that the region is truly a desert, espe- 

Nn»rijj temperature inversions. 500 2000 ft above ciallv m» because the falling moisture is frozen 

i ’•urfaee. are at times as much as 50 7.%° warmer and unavailuble to plants and animals. 

*‘ in I he surface; above this layer, however, tern* Dense fog and low clouds hang over the oceans 
pat tires as low as — 135° F have been recorded a and seas, especially during the freeze-up season. 

r> Mlioijftund feet above the geographic South Pole. The ocean surfaces near the coast are kept from 

Coastal and OCMflic relations. Cyclonic storms. freezing to excessive thickness by an insulation of 

low-pressure centers are over the Antarctic heavy snowfall. In early summer, storms on the sea- 

tCan ' r *rculate in an almost unending progression ward *ido < lat. 60 o S). offshore winds and currents 

pund the Antarctic continent. Frequently these break the *ea ice into pack which moves northward 

Mr' *k° rl **ut across West Antarctica and come and mav in some seasons and areas disintegrate al- 

f '* * n,a »d over East Antarctic coasts, but are less mo*t entirely before fall. Immense flat-topped ice- 

f< iuent io the interior. bergs many miles square and 500-1000 ft thick. 
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Fig. 2. Antarctica: scientific stations during Interna- 
tional Geophysical Year 1957-1958. (Based on U.S. 
Navy Hydrographic Office Charts 2562 and 164 29) 


originating from broken shelf ire areas, also drift 
far northward in the currents. 

An oceanic circumpolar boundary /one. surpris- 
ingly fixed in location and known a-* the Antarctic 
Convergence, forms where the cold Antarctic wa- 
ters meet the warmer tropical water®. This narrow 
zone or line, which ranges between latitude- 47° 
and 63°S. is often used to describe the northern 
Limits of the Antarctic region. Weather and biolog- 
ical condition® varv strikingly on either ®ide of this 
line. The cold Antarctic waters are rich in nutri- 
ment for plants and animals, and despite the fact 
that the water® remain at about 29° F near the float- 
ing ice. the seas teem with life, from microscopic 
plants and animals up to the gigantic blue whale 
which exceed® 1(H) ft in length and 100 tons in 
weight. Whaling. Antarctica’s only lucrative indus- 
try, is carried on princi pally by hunters from Scan- 
dinavia. (rreal Britain. I'.S.S.R.. and Japan. 

Biological distributions. Aside from seals and 
birds depending upon ocean foods, no higher ani- 
mal life exists even on the milder coasts of the con- 
tinent. Microscopic plants and animals, as well as 
lichens and mosses, eke out an existence far inland 
where melt water moistens rock surfaces in sum- 
mer; but only in areas north of the Antarctic Circle 
are there higher plants, such as a few grasses and 
at least one diminutive flowering plant. 

Magnetic patterns. The Antarctic region is of 
particular scientific significance because of the lo- 
cation of the magnetic pole and interrelated elec- 
tromagnetic phenomena. The southward-converg- 
ing lines of the earth’s magnetic field focus 
downward from outer space toward a point on the 


earth's surface near lat. 78°S and long. lOS^K. i| 1(i 
actual mugnetic pole to which compass nc-#*d| ff . v 
point, however, is displaced toward the coast to a „ 
proximately lat. 70°S and long. 140°E. As the n ,J 
netic lines of force intersect the ionosphere 
wreathlike zone of maximum auroral intensify 
forms in the upper atmosphere at a radius of w , nir 
2500 miles from the geomagnetic pole (.sec Aimos 
I’HKRK ; Aihora). There are observable u,t n 
actions between the magnetic field, aurora, and i,»,i 
osphere during periods of disturbances original,*,^ 
on the sun (see Ionosiuikrk) . The magnetic p,,^ 
attract cosmic rays and probably micromete,,,,, 
particles so that they appear c oncentrated in 
regions. 

International scientific aspects. The continent 

was discovered in the second quarter of the n j n( . 
teentli century. Expedilionarv bases were 
lished from time to time after 1899. Since the in 
trodurtion of aircraft on the continent in 
80 f V of its surface has been explored. The pt iipl,. 
er\ of the continent was fii®t louglily mapped .ip, , 
the close of Wofld War If. The concentration «,| 
physical studies bv 12 nations dining the lu:,; 
1958 International <»rop|t\siinl Year ha* grc.iih 
improved knowledge of the weather. glaciol..»\ 
and electromagnetic phenomena of the continent 
S* ientific efforts }>> the Foiled States. C.ual Hn 
tain. New Zealand. Australia. Not wav. I* run » 
l.S.s.K.. Argentina. Oiil*\ Japan. Belgium. . i 

the I n ion of South Africa continue. ,i’,m 

Antares 

Alpha Scorpii. a bright, red juipergi.int of -pnii.ii 
type Ml. temperature about 5(HM) K \nlai**- i- 
variable in light and radial velocitv : like other Inn 
temperature stjrs of low doiisjtv, it has an into 
feromet rically measured diameter o| 07UKI. whoii 
at a distance of 100 parser- cortespomh P> r»" 
times that of the Sun. 

Antares ha® a c|o®e blue companion oi -petii.il 
tvpe B5. at a distance of d00 astronomical uri/i- 
Tlie hot star is involved in nrhulosilv with an nn 
usual spec trum. The emission line® are of forhnhhn 
Fe II and of Si ||. without trace of hvdrogen. wlmli 
i® normally strong in all other emission nebular 
It is possible that solid interstellar or cin um- 
stellar matter is being evaporated near the h"t 
star. AVe Star. 

Anteater 

A name applied to seveltel mammals of -imiku 
habits. The great anteater t Myrmrrophtnw /ul" 11 "- 
of tropical America, is nn4 of the best known It t" 
a toothless member of th& order Edentata. 1 
claws on the front feet, a I ding. tubular snout. am 1 
protrusihle, sticky tongue make excellent equip 
menf for digging into ant fiest* and eating the <» 
cu pants. j 

The scaly anteaters or pangolins, 
the order Pholidota. are wholly different. y ,lv * ? 
of Africa, these strange creature* are roverec 
large scales and look more like reptile* than tn^t 
mal*. They have long, flattened tail* and P ,l,n 





The great anteater, Myrmecophago sp. ; length to 4 ft 
from P. M . Duncan , ed., Cassell's Natural History, Cas - 

sell ' 1 


li*‘.wK Then* ill e five to six dibits on cat }» foot and 
tin* Iron! feet an* armed w ilii long claw- w tear 
n|i(Mi iin ant nest «»r termite home with «*c|iial ease. 
I line .ire several oilier animals called .inhaler', 
v, FutM si .n.n 

Antelope 

\d\ of several slender -bodied rimiinants oi tin* 
ijmili Itovidae. found in Kurasja and Africa, being 
»'s|hm i.illv abundant in Africa. They arc aiiilt* and 
■"ill nintuT-. Their horns are cylindrical. usually 
ni'ciing. tin* females commonly lack horns, hut 
'hi' is not Inn* of all species The eland. gnu. and 
sicm-hock are well known African antelopes The 
Lmois of Knrope is also a true antelope. 



pronghorn antelope, Anfiloeopra americono; length 
f ° over 4 ft. ( From P. Art. Duncan, ed., Cassell' s Natural 
H ' i,or /, Cassell) 


I He pronghorn, or American antelope. Antilo 
"mcrirann, in not a true antelope. It has 
Idioni-d. forked horns, and i* placed in the family 
n *ilo» , apridaf. It is a game animal of some im* 
Nianrc jn several western state?*. See Anriniuc- 
TVu - | j.n.n.1 


Antenna (aerial) 

| "»npon«*nt of a radio who'i* function i* 

, 1P Nation of energy into the transmission me* 
,Um (,r reception therefrom. In addition to an- 
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lumas used for hroadeast reception, inanv other 
kinds have evolved for various needs. Point-to-point 
M-rvu-es. microwave repeaters, radio telescopes, 
radar s > stems, mobile services, and military sys- 
tcins all have characteristic types. Antennas for 
very low frequencies may he a mile long or 1000 ft 
ugh: those for high freijuencies may he a small 
m < in a metal plate. Although radiation and re- 
• eptjon are inverse processes and an antenna which 
radiates will also receive, antennas for transmit- 
ting often differ drastically from those for recep- 
tion. 

A ne«es*ar\ condition for radiation is that the 
antenna contain charges which are being acceler- 
ated. Another axiomatic condition is that accelera- 
tions must riot he counteracted h> opposing accel- 
♦•rations of other nearby charges. The latter 
phenomenon explains why an alternating-current 
transmission line f j oev not raf Jj a te. f or pj lyi . ira | 
piinciple- of radiation, .see Ki.k<.ihomai»\kih im- 
niAnoN; Transmission tiikory and mu hops. 

Hadialing charges are usually the elections 
win. h prodm conduction in the metallic parts of 
the antrnna. However, equal charges associated 
with polarization in a dielectric i insulator ) if 
cqtullv a. (delated are just as effective as i n the 
dielfshic wave-guide antenna discussed later. In 
reception, the antenna captures energy because 
the-e same charge- respond to the alternating elec- 
tric field of the passing electromagnetic wave and 
-el up . irciiit waves which pass j n in the receiver. 

Into the clospjv spa, od two-wire transmission 
line of fig. la. a generator feeds power of wave- 
length A which is absorbed in a terminating rpsis. 
tor at l lie right. Arrows indicate instantaneous flow 
•d alternating « urrent which, as indicated, is in op- 
posite diredio"* in the two wires. Because of the 
closeness ,,f the dies, electromagnetic effects at 
a distance cancel. Now let the ends be spread as in 
Mg. ]l>. previously poinling oppositely, the arrow- 
now point in the same direction, and the structure 
has become an effective radiator. 



Fig. 1. Two-wiro transmission line, (o) Normal con- 
figuration. (6) Ends spreod. 



444 Antenna (atrial) 


I 



Fig. 2. RadtoYion from elementary dipoles, (o) Elec- 
tric dipole, (b) Electric dipole and magnetic dipole 
superposed. 


The fart that radiation and power rapture, or re- 
ception. are reciprocal simplifies explanation b> 
permitting ‘-ubsequent discussion to be couched ei- 
ther in terms of transmitting or of receiving, 'as 
convenience dictates. Normally, however, both di- 
rections will he implied. For present purposes it 
permissible to ignore the possibility of nonreci- 
prority which ferrites have introduced into micro- 
wave techniques, because nonreciprocity has as 
yet not been turned to useful account in antennas 
( see Gyrator; Mhhowavk optics; Reciprocity, 
principi.k ot i. However, reciprocity in signal-to- 
noise ratios is not to he expected since noise 
sources at the two ends of a transmission path are 
in general unrelated. 

ANTENNA TYPES AND ARRAYS 

Antennas take on a great variety of forms, de- 
pending on the desired frequency range and in- 
tended application. For present purposes they will 
be considered as belonging to three broad classes: 
linear conductor antennas (such as broadcast-re- 
reiving antennas), wave-guide antennas (electro- 
magnetic horns), and optical types (paraboloidal 
reflectors). Since all antennas share basic princi- 
ples and apparent differences often merely reflect 
individual viewpoints, any classification is to be re- 
garded solely as a matter of convenience. 

Linear conductor antennas. Prior to the advent 
o/ wave guides and microwave technology, anten- 
nas were almost exclusively made of linear con- 


ductors having cross-sectional dimensions |}, <U 
were very small compared to wavelength. Cin i, lts 
were wired, and antennas naturally formed an ( . x 
tension of that technique. If order of precedent j s 
indicated by the number of units in use, the lin«- ar 
conductor easily remains the most important i\p,. 
even today. 

It is relatively easy to visualize the general rela- 
tionship which determines the electric* field iadi 
ated in any chosen direction. Linear condurh.r* 
ran he thought of as many short segments can hi,*. 
a known current which may vary from pnjm lo 
point. Radiation from a given element is dirntU 
proportional to its current and to its apparent p ((l . 
jected length as seen looking hac k from the « ho^n 
direction, and inversely proportional to tin* \ N>Ur . 
length and distance. 'Hie vector sum gives tin* totil 
field. 

More precisely, the radiated eleett<iiii<i“inti< 
field i* specified in terms of Fig. 2a and tin* r\ 
prev*ions 


Ke 


H\w\ v lfir sin 0 volt in (mk> uniM 
Ar 

Ai I207r ainji m 




Fig. 3. Dipole antennas smaller than Vi wave. 
Low-frequency ship antenna, (b) Multlpl«-^ nec * 
tenna. (c) Direction-finding loop. 


(0) 

an 




whirr / i» the current, ft * 2rr/A, and / * v~l. 

IHpole antennas. The most elemental forms of 
linear conductor antennas are the elec tric dipole or 
.hurt straight conductor (Fig. 2 a) and the small 
r«»il or magnetic dipole. To show their similarity 
,ln*\ are superposed in Fig. 2b and oriented to have 
the same axis of symmetry OA. Both radiate spher- 
ical waves traveling outward along a radio, ffor 
example. OF) and the electric vector K and the 
magnetic vector // lie in the surface of the sphere. 
Intensities are greatest when the waves are radi- 
ated in plane OCR and fall off to zero in direction 
0 l as indicated by the decrease in length of line 
01) as it moves along the dotted pattern. The verti- 
ijl-plane directional pattern is therefore a figure 
right, the horizontal pattern a circle. 

Manv important antennas approximate these 
,clt\il i/at ions. Figure "to shows a low-frecpjency ship 
antenna in which the main radiating element is 
the downlead RS from “flat-top** FT. The latter 
jrt* as erne plate of a capac itor, the other plate* be- 
ing the earth (ship and sea), and permit- large 
. urrent to flow through RS. The radiation disirilm- 
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tjon with respect to OA resembles that in Fig. 2b. 
t u ee< trie field along the ground being vertical, 
rigme 36 is a multiple-tuned antenna in which 
Mat-top capacitance is tuned at three widely sepa- 
rated coils. ' 1 

bnoj) antennas. Figure 3c indicates use of a loop 
or coil as a direc tion finder. This arrangement is 
similar to Fig. 2b except that axis OA. perpendicu- 
lar to the plane of the loop, is horizontal. There- 
foie. hy rotation of the c oil about the vertical, axi. 
OA can he trained in the direction of anv desired 
signal arriving along the earth. When the signal 
disappear^, axis 01 represents its hearing, lisp of . 
small loops concealed within the *er is a standard 
practice for broadcast receivers in areas where >ig- 
nal strength i- high. The loop can he reduced to 
much smaller size* bv using within it a core of mag- 
netic rnateiia) such as a ferrite. This provides low* 
reluctance for the magnetomotive force set up bv 
the magnetic field of the* wave, thus increasing hy a 
considerable factor the electromotive force induc ed 
in the winding, particularly for slender core- hav- 
ing low demagnetizing fac tors. 




a) sinusoidally distributed current 




fi 9- 4. large dipoles, (a) Half-wave antenna, (b) conical antenna, (e) Conical antenna, (f) Bow-tie an- 
F °w«<l dipole, (e) Folded dipole In airplane. <d) Bi- ten no. (p) Equiangular spiral. 



446 Antenna (atrial) 

Half-wav ft and folded dipoles . The half-wave an- 
tenna in Fig. 4 <v resembles the linear conductor of 
Fig. 2 except that its length is now l l> wavelength. 
Near this length resonance occurs, and antenna im- 
pedance is a pure resistance of about 70 ohms. This 
structure is widely used. 

Since it is often desirable to use a transmission 
line of higher impedance, a modification called the 
folded dipole (Fig. 46) find** frequent application. 
When both conductors have the same diameter, thi* 
type acts like an autotransformer with a 2-to-l 
turns ratio and provides a transformation between 
line and radiation resistance which approximates 
the ratio 280 to 70 ohms. Because of the choice of 
length as half wave, currents of / 2 in the two 
wires flow' in the same direction, giving a resultant 
radiating current /. Application of this principle in 
airplanes permits the pair of wings to be excited 
as a center-fed half-wave radiator (Fig. 4c). 

Conical antennas . A conical antenna is a cone 
standing on its apex aliove a conducting plane; a 
hiconical is a pair of cones fed between apexes 

f Fig. W ) . 

Antennas designed for reception of vhf and ith f 
broadcasting must cover a wide range of frequen- 
cies. The standard rule is to make energv stored 
in the inductance as small as possible, that is. to 
reduce the quality factor Q I see ()». l r sc of con- 
ductor-* large in diameter provides one method: a 
“cage” of -‘mailer conductors provide*, another. A 
conical cage has structural and electrical advan- 
tages over the cylindrical form. It is this form 
which provide- the ha-is for a wide varietv of tele- 
vision antennas, the essential feature of which is 
the tapered construction with two or more metal 
rods diverging both wavs from the feed point to 
form the so-called conical antenna of Fig. 4#*. Tile 
bow-tie antenna (Fig. 4/) al*o Involves a taper: it 
consists of a pair of triangular Sheets located in 
the same plane and energized push-pull at the knot. 

Eftuiangular spiral antennas. When the edges of 
the bow tie. without departing from their plane, 
take the form of a logarithmic spiral, it become* 
the equiangular spiral of Fig. %g. This is one of a 
class in which angles, rather than critical length*, 
define -hape. A spiral with radius extending from 
zero to infinitv would have an infinite frequency 
range. Experimental frequency bands as wide as 20 
to J are possible. Although designed especially for 
airborne electronic countermeasures, these anten- 
nas will have a wider range of usefulness. Tfie horn 
reflector of Fig. 86, an older antenna also posses*, 
ing extreme range, is likewise specified mainly by 
angles. 

Long-wire antennas. Whereas the half-wave an- 
tenna in Fig. 4 a radiates strongest perpendicularly 
to its length, longer wires radiate best obliquely, a 
characteristic employed in some important antenna 
types. The longer the wire the nearer the radiation 
maximum is to the direction of the wire; looking 
hack from the maximum, the distance to the near 
end of the wire, plus the length of the wire, is ap- 
proximately Vj wave longer than the distance to 


the far end. There is no radiution in the diiecii,,,, 
of the wire. 

A wire 2 wavelengths long has the directivity 
pattern shown in Fig. 5. A progressive wave j s 
sumed to he moving toward the right end, wlmh lv 
nonreflectively terminated; that is. there is 
standing wave. If reflections were permitted, a ni||| . 
ponent of radiation would he added whose cJiagtain 
is the reverse of Fig. 5 in shape. .See l)im;c m\m> 

Rhombic antennas. Four long wires Iving a|,, n „ 
the side* of u rhombus form the rhombic antenna 
shown in Fig. fwi. Fed in at A from u hakim nj 
transmission line, waves move bv two paths lnw a,d 


60° 



Fig. 5. Radiation pattern for 2-wavelcngth wire 


(. 



Fig. 6. Rhombic antenna, (a) Circuit, (b) Radiation 
patterns. 



ihe nonreflecting termination at H. The four sides 
radiate as shown by the patterns in Fig. 6 b. All 
four maxima reinforce toward the right if Adi 
exceed* diagonal AH by about 1 wavelength. The 
horizontal rhornbie antenna finds wide use both 
m reception and transmission. Its virtues are sim- 
plicity. cheapness. wide bandwidth, and general 
v cisiitilit\ : its chief drawbac k is its large minor 


|uU w . 

Helical antennas. A helical antenna consists of 
a helix mounted with its axis normal to an adja- 
<f .nt conductive plane from which point it i- fed. It 
radiates circularly polarized waves outward along 
jh axis. See Polarization or wave*. 

Arrays. Many application- require broad angu- 
lar coverage, but for e\en more of them effec tive- 
nr** confined to certain directions 110*011*- "axing in 
power and reduction of interferenc e. It is possible, 
at least in theor>. to achieve large direc tivity with- 
out dispersing currents hevnnd the limit ^ M f a half 
wavelength. Little progress, however, has hcen 
made in realizing this “superdiiec tiv itv because 
of large heat loss, narrow hand, and imrcalisti- 
,-illv small tolerances. As a practical matter, radi- 
um*! vectots 1 for example, current elements I must 
|ir •li'-f 1 ibuled ovei a line. area. m volume, one or 
mure of the over-all dimensions being large with 
respect to wavelength* it gain i" to he great. 

\ standard method of realizing thi- wide spatial 
-li'tnhution crn|do\s a number of identical anten 
lid ■* in arrav. fed from a common source in such 
phase as to produce maximum effect in a chosen 
d>r t ion An airav of n units, which arc fat enough 
ip, ut to avoid local interaction, augments the 
j-inwi received in the chosen direction In a factor 
•a n In other direction- the signal is d?astirnll\ re- 
■Ir.i ed \ -imiLir arrav at the receiver multiplies 
!">v\n receded bv another factor of n under these 
nlc.il conditions. Bedurtion of effect in unwanted 
■bin lions also reduce- interference. 

h raw in broadcasting. Medium* frequency 
iiin.uleasf ing reefuires arrays tailored for special 
l*«al conditions a stronger signal in important di- 
|r 'tion-. a weakei sjgnal where coverage is ca-\ or 
ininqmrtant. Interference i* particularlv trouble* 
'"itie at night, when the ionosphere reflects lather 
•Han absorb* {sec Kadiowavk prop At. a 1 ion I . One 
"tihe preventives is an antenna which i- ‘‘silent" in 
liir direction of the vulnerable receive!*, l'suallv 
'^‘•e arrav s contain few elements, perhaps three or 
f''Jr. hut much ingenuity is needed to facilitate the 
“ "irate adjustment and maintenance of current 
in phase and amplitude. 

Parasitic arrays. Sometimes, instead of avoiding 
•hi*" ad ion between neighboring elements of an 
■ Ir i-'iv. designer* lake deliberate advantage of it. 
nuking it th<> exclusive means by which certain He- 


arf * fed. These elemental are called para- 
s, h' antennas. Their tuning and separation from 
^ p *eiting antenna are parameters which control 
1 u> direction favored bv the array. Proper choice 
or enhances radiation in the direction of 
1 Parasitic element: in the first rase the element 
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is railed a reflector, in the second a director. The 
well-known Vagi antenna employs both types of 
elements. Sec Yaoi avienna. 

Fleam antennas. Important characteristics of 
large arravs are illustrated bv beam antennas. Tf 
the designer arranges half-wave radiators along 
the meridian and gives all currents like phases, the 
assemblage radiate* strongest east and w’est. To 
aim radiation southward, the phu*e must lag pro- 
gressively j n that direction. The first tvpe is called 
a hroad-ide. the second an endfire array. Slacking 
one above another confine* radiation within a 
smaller range of elevation angle. When both verti- 
eal and horizontal repetition are used, the hroad 
area arrav is called a curtain. A single hroad*idc 
curtain radiate- equallv forward and backward. To 
conserve power, radiation toward the rear is mini- 
mized bv a second curtain which ad* a* a passive 
reflector. Manx beam tvpes have been developed, 
using horizontal or vertical polarization. The pine 
tree tv pe is -hnwn in Fig. 1!W. Although curtain ar- 
ravs have high gain and clean directional patterns, 
thex have lost popularity because of high rn*t and 
narrow bandwidth. 

Steerable awns. Bv altering phase relations, the 
direction of aim can be steered within the range 
permitted bv the pattern of the element. The multi- 
ple unit -leerable antenna, abbreviated Ml’SA. i- 
an example. Comprising 16 rhomhics in an endfire 
arrav two mile- long, it ha* a directional pattern 
1 wide at Iff Mr. This makes possible the isolation 
of signal component* from different directions and 
bn ilitates the reduction of fading bv various tech- 
lihpie-. 

Measurement and tracking. Measurement* of am- 
plitude. direction, and polarization of incoming 
wave- have alwav* hern of fundamental importance 
in radio techr.dogv : their accuracv depends on 
precision in asPnna- and circuits. Among other 
examples, the n- t-d for locating and tracking arti- 
ficial -atellite* illustrates the desirability of high 
accuracy. One widelv used system employs identi- 
cal!' oriented antennas separated 12-500 ft. Con- 
tinuous wave* from the satellite give ri*e to re- 
-ponsc- in anv two antennas which differ in phase 
in accord with direction of arrival. Measurement 
of phase thn- permits calculation of direction in 
space. Another -v*tem employs an arrav which 
trains a verv sharp null in a direction which the 
satellite must cro>*. These measurements are ac- 
curate to within a sin II fraction of a minute of arc. 
.vee Mini frac K. 

Wave-guide antennas. A group of antennas im- 
portant to the microwave range has grown out of 
the wave-guide technology. »e Microwave: Wa\k 
u idk. 

Horns. A large electromagnetic horn resembles a 
megaphone in its ability to concentrate waves trav- 
eling forward at the expense of those to the rear. 
The term horn refers to the tapered end of a hollow 
guide where wave guidanc e gives way to free-spare 
propagation. Horns can be highly directive but are 
not necessarily so. 
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Figure la depicts a common form of horn while 
Fig. 76 shows outgoing wavefronts as expanding 
spheres having a center near the throat. For best 
effect W WW should be plane rather than spherical, 
since for maximum effect all points on it should be 
equidistant from a remote point at the right. Actu- 
ally if sagitta £5 is held to H wave not a great 
deal is gained by further reduction of SS. 

When the aperture is large this quarter-wave cri- 
terion can lead to absurd lengths; for a 10- ft aper- 
ture and wavelength of 10 cm, the horn must be 
150 ft long. This difficulty is overcome by using a 
short horn and adding a lens or concave reflector 
which refracts or reflects the rapidly diverging rays 
toward a common direction (see Fig. 8 a and 86). 
The horn reflector of Fig. 86 is outstanding in 
width of hand, since if the form of the reflector is 
accurate the frequency can be increased without 
limit. W'ith very short waves solid lenses of dielec- 
tric materials such as polystyrene are feasible. For 
large structures they weigh and cost too much, and 
artificial refractive materials may be used. 

Slot antennas. A complete metallic enclosure 
containing a radio- frequency source prevents the 
escape of energy; a break in the wall permits radi- 
ation. This is the basis for the slot antenna. Length 
of the slot is typically k wavelength; the width is 
much smaller. As the slot approaches this length, 
radiation tends to augment, just as it doe« with a 
linear conductor when it approaches this same res- 
onant length. There is in fart a duality between the 
wire and a like-dimensioned slot; the configuration 
of the radiated electric field of one is the same as 
that of the magnetic field of the other. A slot mav 
be fed by a transmission line directly connected 
across its narrow dimension, by a resonant cavity 
behind it. or in other ways. In aircraft, flush mount- 
ing gives a unique advantage to slot antennas. 

Dielectric wave-guide antennas. Bare “wires,” or 
rods, of dielectric material act as wave guides. The 
wavelength in a large block of dielectric equals 
that in vacuum divided by the square root of the 
relative dielectric constant. If the wire diameter is 
large compared with this reduced wavelength, most 
of the guided energy travels inside the dielectric 
(see Fig. 9). When the diameter is decreased to 
about wavelength, half the encTgy travels out- 
side hut is still held in leash by the wire. Decrease 


to K» wavelength releases practically all of the H, 
ergv, and the velocity of the radiation appru\|. 
mates that of light. Moreover, the energy now 
weakly hound that electromagnetic momentum ■ ai 
ries it beyond the end of the guide into free sp a „. 
See Diklk.ctrk s. 

Optical types. H. Hertz fir-t showed how mf, 
niques of optics apply to electromagnet i‘ radiii 
lion. The advent of microwave* has demons mini 
their great importance in antenna techno|i»g\ 
Some applications follow. 

Reflector types. Any material having high . In 
trical conductivity reflects radio waves. \ idle. tin. ; 
antenna consists of a source of radiation c allni i 
primary feed and a suitable reflector. In one t la- 



Fig. 8. Meant for collimatidn. ( o ) Lent. (b> Reflector 

i 

. direction of ^ 

dielectric . propagation^ j \ 

motel Kbb bbssJ energy in ^ \J 

coupling dielectric en0rfl y In air 


Fig. 9, Dielectric-rod antenna. 



parabolic 





pig. 10. Spherical optics, (o) Half wove radiator. 
:b) Horn and paraboloid, (c) Wave guide with slot*. 



Fig. 11- Cylindrical optics, (a) Line of feed. >h) Array 
of d»poles. ( c ) Parabolic reflector, known as pillbox or 
cheese antenna, 'eft Horn with lens. 


the point source is located at the focus nf a pnrah- 
nluidal reflector. in analogs with sear* blights. 
I'lir feed ma\ I ak#* one of mans forms: a half-waxe 
r.uliator. the open end of a wave guide. a -mall 
li.an. nr especially designed '•lot*' in a w a % r guide 
-r»* Fig. 10 ». A paraholoid is a shape Mirh that all 
i!i#’ ra\- from it** fonts are reflected in the simr di 
tiffin, producing a plane wavefront. 

Parabolic cylinder* require line rather than 
|H*int sru trees. Figure 1 1n indirates the line along 
whn It the line feed must lie. Among sources that 
Ime l»een u«ed are: an arrav of half was e antennas 
'Fig. 11 /m. a cylindrical parabolic reflector (Fiji. 

I h i enrlosed hv two rloselv spared plate* per* 
[lendirular to the cylinder, and a tw'o-dimensional 
horn with collimating len* (Fiji. ll</». 

Reflector* may multiply energy ronrentration 
etinim<«ti«lv in a preferred dirertion. sometimes hv 
*i factor «»f 10 7 . Corner reflectors in the form of a 
dihedral angle are simple to construct anti useful 
alieie moderate gain 4 * are needed. See Cutout nt- 
m^itor antenna. Ser also Rmi.miion imk< 

^Mt.NKTIC KADIATION): Kt.Kl.Kt TION A%|) 1 KANsMIS* 
S,0N tOK.JHClENTS. 

/.en.se 5 . Antenna lenses are used at the shorter 
wiuHengths for converting a diverging bundle of 
,au to parallelism or for bringing parallel rays to 
a f "tis. Thus an antenna lens octs somewhat like 
•ke lens in an optical projector while transmitting. 
d, ‘d like that in a camera while receiving. 

Available homogeneous dielectrics such as poly* 
^'^ne are suitable in small lenses but lead to in- 
ordinate weight and expense in large ones. Artifi* 
(,a l refractive materials have therefore been 
^ Hoped. One of these consists of many spaced 
inducting plates parallel to the electric vector 
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and to the direction of transmission. Each space 
between plates is a wave guide in which the phase 
velocity exceeds that o f light. A converging wave- 
guide lens can therefore he made by employing a 
planoconcave shape (glass requires convexity), as 
in Fig. 12. 

Artificial dielectrics are refractive materials 
which consist of a multitude of isolated metal parts 
embedded in some light matrix such as polystyrene 
foam. I nder influence of the electric field there is 
a flow of charge on metal parts which exc eeds the 
dielectric displacement in the absence of metal. 

fa« roscopjcallv the inetal has therefore inc reased 
the over all dielectric constant. Various shapes of 
metal such as disks or strips have been u«ed. ar* 
ranged in a three-dimensional lattice. The index of 
refraction is Ics*. frecpienc y-dependent than that of 

flic- w a\e-guide lens. 

Figure 12 also illustrates a principle, the step- 
ping of a lens, introduced to avoid thickness around 
the outside. Starting from the center, the planocon- 
cave form thickens outward. When this dimension 
has increased b\ A '( 1 — n), where n is the refra< - 
li\e index. I lens rnav he ‘‘stepped back*’ to its 
thickness at the center, since under this condition 
the step ha« merely increased the phase thickness 
)>\ .160 Re-ides s a \ing weight and spac e, the proc - 
ess irnpro\es frequency characteristics. 

RADIATION FROM ANTENNAS 

F.quation ( 1 ( is not suitable for calculating ra- 
diation from a horn or reflector: it is more direc t 
to use the formulation of Hu\ gens’ principle de- 
ri\ed b\ S. A. Schelkunoff. This assumes as known 
quantities the tangential electric and magnetic vec- 
tor- o\er the aperture, each elemental area radiat- 
ing two elec tromagnetic* components, one* produced 


axis of revolution 




Fig. 12. Wave-guide lens. 


I direction of maximum propagation - 
Fig. 13. Huygens radiator. 
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by the electric, one by the magnetic vector. When 
E and H within the aperture are related us in free 

space a condition satisfied by large apertures 

they produce equal radiations, und calculations 
over the major lobe of the pattern are simplified. 
Equation (2) gives the total. Figure 13 shows a 
Huygens element dx dy and its electric field E„, r 
The distant electric field is E u . 

dE„ (2 ) 

A r 

where A * wavelength. E is in volts ‘m, and / * 
V — 1. See Hl ycknV i*kim:iim.k. 

Gain and efficiency. At low frequencies, where 
wavelength greatly exceeds antenna size. the term 
radiation efficiency provides an adequate measure 
of performance, (t is the ratio of radiation resist- 
ance (defined later) to total measured resistance. 
At low' frequencies, for example, 20 k» see. Ionics 
in the earth are the chief concern, and efficiency 
may lie as low as 5 10 r i . When decreasing wave- 
length removes the need of the earth as a circuit 
element, efficient-) can he high. 

It is natural in expressing directional gain to 
choose as a standard of reference the radiator 
which has the lea^t conceivable directivity. that i**. 
the one whose radiation is isotropic-. Though an 
isotropic radiator of coherent transverse waves 
does not exist, its- conceptual simplicitv has led to 
its wide use as a reference standard. The gain of 
s*»me other antenna is the relative effect which it 
an produce at a distance as compared with the ref- 
erence antenna, expressed as a power ratio, equal, 
powers being supplied. Least directional among 
physical radiators are the dipoles of Fig. 2. Ignor- 
ing heat losses, their gain is l.f>. 

Another term for specif) ing cfticieiicv is effec- 
live area. B> definition, a large receiving horn able 
to translate all power intercepted into jn»wer avail- 
able to its output would have effective area equal 
to the actual area of its aperture. If less it captured 
than intercepted, effective area is proportionately 
less. 

Gain (l and effective area A.u are related a* fid- 
lows: 


C 


tir 

A 2 
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By extension. Eq. ( 3 1 is used to define effective 
area for small as well as large antennas. 

When transmission occurs in free space from an 
effective area At to an area Ar % power available in 
the receiver is related to power supplied hy the 
transmitter by the relation 


Ph 


AtAr 

tfd* 


<*) 


where d ■ length of path. 

Impedance; radiation resistance. Being part of 
a circuit, ail antenna has properties expressible in 
the language of circuits; it has input impedance 


with resistive and reactive components. The n . 
sistanee contains a component necessary to \\ lv 
radiution of power. Other resistances are made 
low as possible. 

The radiation resistance H of a linear condw i or 
in free space, carrying uniform current ov»» r iu 
length s which is very short compared with w dV( -. 
length, is 

R » fl()irV/A 2 ohms , tl 



copper box balanced 



one-fourth 
, wovelengfh 


balanced line impedonce \ , .mpedance / 
impedance /, 



Fig. 14. Some transformers jused with antennas. ( o 
Basic method of interconnection. ( b ) Matching between 
balanced antenna ond unbafcnced line. (From S. • 
Schefkunoff and H. T. Friit, Antennas: Theory on 
Practice, Wiley f 1952). (c) Matching between balance 
line of impedance Z\ ond Impedance /;>• (d) Mo ,c ,n ® 
between wave guide of low impedance an wav 
guide of high impedance. 
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Tin* fi«dd ul l m *nts located equatoriullv is 

E m 6()ir •! ® \/ M/r (6) 

A r 

|„ m- E and / an* mi* values of the voltage and 
and P i* the average power radiated. 

The radiation resistanc e of a hall-wave antenna, 
measured at it* midpoint, is 7M l.'» ohms when its 
,|iaincH*r is very small compared with the wa\e- 
Jriigtb. 

The effective length of a loop of V turns cadi of 
jrca h ' s: 

Sloop ^ 2ir i l 


In low-frequency broadcasting. towers, either 
self-supporting or guyed, are usually the radiating 
eonduetors. Shunt excitation of a grounded tower 
is shown in Fig. 15*/. Impedance is matched bv 
varving the height where the feeder connects to the 
lower and the setting of the series capacitor. With 
the fume common insulated tower of Fig. 1 5/>. some 
form of tuned transformer is usually employed. 

For flexible operation at high frequencies, wide 
hands are essential. A successful method of feed- 
ing an endftre arrav is shown in Fig. l.V. A bal- 
anced open-wire line* extending in the direction of 
incoming waves couples through small capaci- 
tances to transverse-horizontal conductors exposed 
to the* waves. Too short for resonance, the-e wires. 
h\ virtue of numher and even distribution, couple 


a component of a receiving circuit the an- 
iriina mav he represented hv Theveiiiti** or Nor 
l„ n \ equivalence theorems. Sec \t IWiiKK TtlKiHV. 
,1, ( IKK M.; TlIKM MN’s IlltOltl M lllfr'IHH Ml- 
w.mKsi. Ill the former, the representation is a 
-implc series circuit containing impedance and 
, oiitainifig voltage induced from the incoming 
| <cful power is calculated in term- *d the 
p.. nlling « orient flowing in the ic-Mamc of the 
kuhircuit. 

If i , orient eleven of length is placed tit a 
i,M E parallel to it. the rms voltage induced is 


almost continuously to the line, which thus be- 

* omes the path of a wave which grows pmgres- 
sivelv as it approaches the output end. The line 
terminates noureflcctivelv at both ends. When half 
of this “fishbone*’ antenna stands with conductor* 
vert iial alcove a ground plane I broken linel. it he- 

* cimes ", 111011 ” antenna. 

Hie pineti.-c arrav. illustrating principles of 
bioadside excitation, is shown in simple form in 
kiii. I'd For simpli* itv the reflecting curtain is 

* iimtfed. F.dch sf^-tion has a balanced feed line 
fm unrig the' trunk of the tree. The branches are 
half-wave conductors. i»ne pair constituting a full- 


f\ If the element i* tuned, the available power 
it rapture. is E A ' 320r . and is indeprnd- 
,„l x Since flic average power per square meter 
,,, plane wave i* E 1*20- the e ffective area of 
•iii- element is dA" A" 

ft the* ic-active component of antenna impedance 
!- apple, iable. technique* similar !•* those used in 
r transmission circuits are recpiired to obtain 
■■..ivimum power: that is. the impedance of the * on* 
circuit must be coniugatc to that of the an- 
c-nin Krllections caused hv a misiiiat. bed antenna 
MiviatiH* trouble at a distant point »« "'.riving 
. ir.nitrv. The solution ma» be to obtain a better 
matt h o! to employ a nonreciprocal device which 
'Illuminates against ba* kwardtravelmg waves. 

Feeding and matching. All antenna mav be near 
f o. ,,r far from, transmitting or receiving equip- 
limit. The* method of interconnection i* important 
ti -vstem design. Transmission lines are often 
iln-dcd. 

Some of the elements of *u« h a svstem appeal in 
V ig I hr. It is a prcqierty of u transmission line that 
«i progressive wave will enter a device connected to 
,K far end without reflection, provided that the dc- 
ur<* ha* an impedance equal to the voltage of the 
H *uc divided hv its current. Tbi* ratio, cominonlv a 
pure* instance, i* called the characteristic imped* 
ano of the line. Impedance-matching is accom- 

I’fidiH by the tranHformers in Fig. bUi. Other 
*'pf*s of transformer* are depicted in Vig*. I Uk c 
an< ^ d. In addition to matching impedance, the de- 
'ue in Fig. ]\b join* a balanced line to a coaxial 
;i T,r ' «ne side of which is at giound potential. See 

' r ansm»ssion I.IM.S. 


w ,i\e .inlcnna led at the middle. To rising from otic 
p.iii to the next there is a 180 phase shift result- 
in • from half-wave separation and another (Torn 
transposition in the line, so that all pairs are fed in 
phase. 

Radiation patterns. The simplest possible radia- 
tion pattern, that for a short dipole, is shown in 
Tin 2/>. The suuplicitv is lost when radiating cur- 
M -.ts cx.ccd \ v\ ,* \ e in length. The three pattern* 
of Fig. |<w are b. luee lengths of vertical conduc- 
tor such as might be used in niedium-freqiiencv 
broadcasting. Pattern* stretch out bon/nntallv and 
event uallv grow another lobe or ear when ^ wave 
1 * cv eeded. 

With shorter waves, where the ionosphere doe* 
no harm, this lengthening of vertical currents is 
rained siill furth-r hv stacking several half-wave 
ladiatnrs. The pattern for an arrav of six k seen m 
Fig. 16/*. Its gain is 6 dh more than that of a single 


incut. 

Next consider an arr.v in which dipoles are per- 
,di< ular to the row. Figure 16c gives the pattern 
, of them at half-wave intervals for both 
.Me and endfire phasings. The endfire pm;- 
„ little radiation to the rear to he sh««n «n >•««■* 
|,„ it. main lobe i- mneh wider than that of the 
roadside. The latter, however has the greater 
Ain and u«e of a reflector would add another o db. 
pattern ran. of cour>e. he -harper than rfahthlx 

1 the medium justifies. . . 

Sharpness of pattern and amplitude of minor 
»l>os depend on how the radiatin' >rrtor .» graded 
the arrav whether it the same at aU 
21 or varies according to some pr^cnM 



Fig. 15. Methods of feeding antennas, (a) Coup|j n 
arrangement for shunt-excited antennas. (From j 
Morrison and P. H. Smith , The Shunt-Excited Anfem 
in Proc. IRE , 25(6) :67 4 , 1937). <b) Insulated tow 
(c) Endftre array, (d) Pine-tree array. 
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Fig 16 Polar radiation patterns, io) Vertical radia- 
tors of different lengths. (From J. C. Sfhe//eng, Radio 
antennas, Pender-Mcllwain Handbook, Communications 
and Electronics, Wiley, 1950). ( b ) Vertical dipoles in 
vertical array, fc) Vertical dipoles in horizontal array. 


'iiij pe. In a rectangular horn, excitation arm**** the 
•ipr-rtiirt* i* uniform along the electric and Mnu- 
">*hd along the magnetic field. The sinu>oidal div 
’rilmiion gives a wider main loin? and weaker minor 

on*-*-. 

Antennas in microwave repeater s\ sterna are fre- 
Client lv mounted side by side nr hark to hark. 
Uri'Kiftlk characteristics arc extremely important 
,n planning frequency allocation and specifying re- 
•po^ments for apparatus. In well designed horns 
•li* 1 following ratios have been obtained: 

tnmt tn-back (measured at a distance) 73 dh 
to-side (same tower) 100 dh 

tark-tr».bark (same tower) 130 db 


H wording of patterns . In experimental work. 
Activity patterns of antenna structures small 
,,,0 »gh to he mounted and rotated can be automatic 
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rally plotted by coupling the drives used for an- 
tenna rotation and motion of the chart in the re- 
corder u^ed. When too large for this procedure, 
antennas are often constructed to scale in minia- 
ture and studied at correspondingly reduced wave- 
lengths. Id the design of arrays, such as those for 
low-frequency broadcasting in which directional 
properties must satisfy nonstandard requirements, 
spec ial purpose computers are often used to plot 
characteristics rapidly in terms of tentatively as- 
sumed phases and amplitudes. 

(* round effects. In antenna design the effect of 
the eaith must always he considered. When the 
struct fire is many wavelengths above the surround- 
ings. iK performance approximates that in free 
space. When it is low. the earth affects its imped- 
am e and is really part of the antenna system. 

\t lowest frequencies the earth is essentially 
«oudmti\e. and adjacent fields can he vertical but 
not horizontal. As a consequence, vertical wires 
< an radiate along the earth, hut horizontal ones 
f annul, a fact which explains the universality of 
vertical polarization in the early davs of radio. 

An important effect is that the earth, though a 
conductor, is an imperfect one and leads to power 
losses, particularly at low frequencies where the 
ground is part of the antenna circuit. Conductivity 
i- th»*n uftifu bills bolstered hy providing a ground 
s\s|, in beneath the aerial wires where ground cur- 
rent- are high. 

\s frequency is raised, the currents penetrating 
the earth grow, and event uallv at about 10 Me for 
wet soil and 1000 Mr for sea water, surpass con- 
duction. In and above the range 3 30 Me the ef- 
fe« ts are important when antennas are erected on 
land. Most striking the effect on the radiation 
pattern of verti* al dipoles near the ground: instead 
of a strong \irniim at zero elevation, the intern 
sitv tend- to a n dt. leaving a maximum of greatly 
reduced value -umewhat above the horizontal. See 
Haovk; Ruuo iki.i-m oi*h. Ij.«.>.| 

llihiiography : F. C. Jordan. Electromagnetic 
If a; e< and Radiating Systems . 1050: J. D. Kraus. 
Antennas. 1950; S. A. Sehelkunoff. Electromag * 
net it Fares. 1943: S. A. Sehelkunoff and H. T. 
Kriis. intenna*' Theory and Practice . 1952; 

S. Silver led.). Micron are Antenna Theory and 
Design . 1949. 

Anthocerotae 

\ small clas« of Hit- plant phylum Bryophvta. 
Anthocerotae is made up of unlv a few genera of 
plants commonly called hornworts. or horned 
liverworts. Some species are perennial, others an- 
nual; a few are seasonal (.tee Annuai. plants: 
PfcRfcNimi. pi. ants 1 . Importance i« given this 
group of plants because some botanists consider it 
a proage of the independent (self-sustaining) 
sporophvte of the higher plant taxa. Anthoreros 
is the best known genus. ..... 

Structure. All of the plants are small, thallotd 
ivpcs found in very moist, shady habitats. Some 
have a tendency toward dichotomous (forked! 
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columella jacket layer 
elater 



(a) The hornwort Anthoceros showing the thalloid ga- 
metophyte with long hornlike sporophytes. (b> Diagram 
of the elongated sporophyte with its basal foot embed- 
ded in gometophytic tissue. (From H. J. Fuller and O. 
Tippo, College Botany . rev. ed., Holt , 1954) 


branching There is little internal differentiation 
of tissue in the gametophvte i gamete-producing 
generation). Each tell usually contain* a single 
large chloroplast and one large pvrenoid. In a 
t 1 umber of hornwort*. colonies of the alga \osto* 
have been found growing in the intercellular cuvi- 
ties and these mav be involved in the fixation of 
free nitrogen t'sre Am.afi. Numerous smooth- 
walled rhizoids ( rootlike structures) differentiate 
on the ventral ( under) surface. - 
Alternation of generations. The -ex organs, an* 
theridia (male* and archegonia I female), are usu- 
ally borne on the same thallu*. but thev may be 
produced on separate gametophvte*. Although 
these organs develop from marginal apical cell-, at 
maturity they become deeply embedded in parent 
tissues due to their endogenous growth. When ma- 
ture the antheridia can be recognized as small, 
orange-red pustules resulting from the change of 
ehloroplasts into chrornoplaMs in the jacket cell*. 
The sperms are extremely minute. biflagHlatp. and 
motile. The position of the mature archegonia may 
be determined by the mounds of mucilage released 
by the disintegration and protrusion of the cover 
cells and of the nerk and ventral canal cells. A 
number of eggs on the same thallus are usually 
fertilized by sperms, resulting in the development 
of numerous sporophyte*. 

Each sporophyte develops into a slender, cylin- 
drical capsule, slightly tapering at the apex, and 
showing in transverse section an outer epidermis 
containing stomata, usually several layers of sterile 
cells containing ehloroplasts. and a cylinder of 
spore-producing tissue surrounding the central 
columella which, when mature, dehisces forming 
two valves (see Epidermis, pi.a.nt). The basal por- 


tion of the sporophyte, which becomes deeply 
bedded in the gametophyle. expands into a globule 
absorbing structure called a foot. Above the fc M »t i„ 
a meristematic zone (area of cell division! wluYi, 
continuously adds new cells to the sporophvti, j, s 
sue. This /.one gives rise to additional cap*uhu ti- 
sue, so that while spore* ripen and are dischai«»* ( { 
from the upper portion of the capsule, new sp„ r ^ 
are being produced at the base. The presenrr n | 
ehloroplasts permit* the sporophvte to he parti ;, \\ 
independent of the gametophvte for food Imt *t,|| 
dependent on it for water and mineral*. .s,,. 
Hepatmae: Mi sci; Tha< heopiiyta. irv\.i 
bibliography: .Sec Uhyophvia. 

Anthocyanin 

One of u number of plant pigments which o,thi m 
solution in the cell sap. The innumerable shades 
blue, purple, violet, mauve, and magenta and 
nearlv all the rrds which appear in flowers 
leaves and stems of plants are due to unthoivanm 
pigment*. The pioneering research of R. \VilUt t iu,i 
and his student* made it clear that the immcnin- 
individual anthoevanins contain similar -trm tim- 
The wide variations in color arc due to -light .tin • 
alioris in the molecule which tin not affn t tin tun 
damental molecular skeleton. The .mtho, Viinm- ,n< 
made up of sugars and sugar-free pigment- • alb • I 
anthoevanidins. \ tvphal antlun vanidin i- p« l.i* 
gonidin chloride. whit h on hi- in the cm ufluu, ■ 
and the orange dahlia. 


n 



on 


I Vt.irgMfiidm , liloi id»* 

The anthoevamn- tisuallv occur as mixture* and 
the amount of mixture found in the varum- flowri- 
varies over a wide range. Thus, the anthoevanin <»l 
the blue cornflower repiesent* 0.7.V* of the x* eight 
of the drv petals. In certain deep red dahlia* tlii* 
pigment comprise* over 20''f of the drv weight «d 
the petal*, and in the dark bine pan*\ the jnthu 
evanin content (violaninl in approximate!) a.t # 
The antlux vanidin* are commonly isolated a- tin* 
chlorides after hydrolytii fi<wion from their sug.ir^ 
with hydrochloric arid. Wilhtatter made the *nA' 
ing observation that the *arng pigment can gi' f ‘ n ‘* t 
to different color*. The actual color in the plant 
appears to be determined by the acidity of tin* • 1 
na p, and by the presence dt absence of cull"i« 
tannins, alkaloids, and othe* substance*. h- MK * 
bibliography : R. C. Eljderfield, Helvton^ 
Compounds , vol. 2. 1951. : 

Anthophyllite 

The name given to the orthorhombic amphij***!' 
(see Ami-iuboi.e). The anthophvllile nm,,hl 
form a limited solid-solution series between 



nigneMian end member MRTSLO^fOll ) 2 and an 
ipproximately 50 mole % ferric iron member. 
Minerals with more iron than this apparently form 
| u > monoelinir mineral rummingtonite. thereby in- 
luting a limited tolerance of the orthorhombic 
| orin for iron. Anthophyllite ran urcrpt various 
iiiiount* of aluminum up to the approximate com- 

| M ,sition iMg.Fe) jiAlaf A laSiu) 0^(011 ):<. Depend- 
ing «>n the iron content. it ran he white, gray, 
green, or brown, but uauallv i* colorless i n thin *ec. 
nuns Anthophyllite romnionlv occurs in fibrou* 
masses, sometimes as ashcstiforrn masses and in 
prismatic needles. Anthophyllite (110} cleavage* 

„| 5V.W are approximately V' smaller than the 
nionorlinir arnphilmles (except rummingtonite \ 

|„ optieal examination, the parallel extinction of 
anthophvllite distinguishes it from the other am 
pliihch’s. 

\nth«phvllite is a mctamorphie mineral occur- 
ring in mam schists and gneisses in association 
uitli Midi minerals as tremolite. chlorite, rordi- 
rrilc. garnet, tab . serpentine, spinel, and «piart/. 
\.|>r*tiforni varieties are sometime* used a* a*|»e*. 
S’rr Cl MMIM.IOMlh: Thimoiiu. (c.w.l). . 

Anthozoa 

\ , Lt** of the phylum fWlcnterata. These oigan- 
i.rji-, t »r«* marine, solitary or colonial, and **\c|u- 
polvpnid melenterales with no trace* ..f a 
•i.nlii-oid stage. Most nntho/oans lise attached to 
...nv firm oh|ei t of the shore or on the sea hottoni: 

,< on** einhed in the *nft sediment. 'I’he po|\p pro 
.»ni* a hcviineroii*. o< lamcroii*. or pokrnrrou* 

> :t .id ivt 1 or radiohilatrral symmetry. It i* the most 
•|i\i-)nped of the coelentei ate*, espenallv in the 
*k.-|clons of sedentary groups and in the mu*i nl.i- 
i>f movable forms. Antho/oan* ha\e a rvlindri- 
j] Imdv with an oral di*k. month. *fnmodeum. 
'.“Ilow tentacles, endoderrnal gonad. and <ellular 
nn-Mijjlei. The ga*trny u«rtilnr cayity i* partitioned 
I'nLutiidinttllv into radial compartments In endo- 
detmal mesenteries or septa whose free edges, 
parlit ularlv. thicken and differentiate into rrie*on- 
ti*rii «»r septal filaments. The nervous system is a 
•liffuse network of scattered nerve cell* over the 
•■Moderni and the endoderrn. No localized *en*e 
•T^.ins are present. 

Taxonomy. The class Anthozoa includes the soft, 
tarm. stony, and black corals, the *en pen*, and sea 
anrinnne*. Th* horny corals include the *ea fan*. 

whips. and sea feathers. The Anthozoa mav he 
deified as in the accompanying list. Separate ar- 
appear on each group, 
authors include the first four orders in the 
'•nek- order Alcvonaeca. and others include the 
Antipo thiicia and Ceriantheria in a separate sub* 

' ^ the Ceriantipatharia. 

Three evolutionary lines are usually recognized : 
unt, patharinn-cerianthid. nlcvonarian. and zoanthid- 
' Wdl-anemonf*. Tlie relationship in each line is 
deeisiyc. The relationship between the Anti- 
*i*f ar ^ ^ fr t®nthrria is based on the strong 
Ambiance between antipalharinn |m»Iy|>« and the 
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cer inula or cerianthid larva. The Gorgonacea and 
ennatulacea are doubtless related to the Alcyo- 
nacea. The position of the Zoanlhidea is somewhat 
obscure. The close relation between corals and 
anemones i* revealed not only by a morphological 
resemblance, hut also from the ernliryologiral point 
of view 1 . 

Glass Anthozoa 

Subclass Alcyonaria ( Octocorallia ) 

Order Stolon if era 
Order le|e*tacea 
flidei t'oenothecalia 
flrder Alcvonaeca 
f^rder ( /orgonarea 
flrder lYrmahdacca 
SuIm la** Zoantharia ( Hexacorallia ) 

Order \< tiniaria 

Order Scleractinia ( Madrcporaria ) 

Order /riant hidea 
Order Antipatharia 
Order Ceriantheria 
Older Kiigusa 
Order Tab, data 

Morphology and life cycle. The distal part of the 
h“dN i* enlarged into an oral di*k. with an oval or 
'lit like mouth in it* center. The *tomodeurn. found 
<»nl\ in the anfhn/onri*. i* a compressed ectodermal 
tube except in the Scleractinia. with a strongly 
filiated furrow, the *iphonogl> ph or sulcus. in 
• ither one or both edge*. The pinnate tentacle* in 
the \h \onaria or the simple tubular ones in the 
Zounlharia art 4 arranged in «»nc. two. or more cir- 
clr- forming a tentacular crown. The basal end of 
the ln>d\ i* often expanded to form a pedal disk. 

I he part between the oral di*k and the pedal di*k 
i s the column, where ectodermal longitudinal and 
end dermal t in ipa* muscles usually develop. 

The mesenteric with longitudinal and trans- 
\erse mu*cle* in each septum, extend inward from 
inside the enh mn wall and are fastened to the 
oral Hi*h. They cither extend to the stomndenm 
fr«»m the inner edge* (complete mesenteries'} or 
are free (incomplete ones'). The mesenteric fila- 
ment i* a convoluted cord with manv nemator\*t« 
and gland cells which *erve in digestion. Nemafo- 
evsts are present in the column wall nl*«. lmt are 
most concentrated in the tentacles. Skeletal struc- 
ture* are of two types; the external which is the 
result of direct secretion* from ectodermal cells, 
a,-,! the internal, which is formed hv sclerite* 
secreted hv the ectodermal sclernhlast* which in- 
vade the mesoglea. 

Both sexual and asexual reproduction occurs. 
The germ cell* are derived from the endoderm and 
fertilization occur* either in the female gastrova*- 
cular cavity or in the sea. The zygote develops into 
either a • dialed swimming larva, the planula. or a 

young poly p. . , 

Physiology. Anthoznan* mav he holo/oic and teed 
on various animals from oopepods to fishes. In 
those species in which dimorphism occurs, the 
prey is seized hv an autozonid. Plankton, together 



with the water current* enter the gastrovaseular 
cavity and pass through the siphonoglyphs. Larger 
prey, caught by the tentacles and paralyzed by 
nematocysta. enter the gastrovascular cavity 
through the expanded mouth and finally the atomo» 
deum where the food is digested by enzymes. En- 
zymes are secreted from the mesenteric filaments 
except the dorsal ectodermal ones of Alcyonaria 
which serve to create an upward current. Undi- 
gested wastes are ejected from the mouth. The 
reversible movements of cilia of the mouth and 
slomodeum are used in ingestion and excretion. It 
is still uncertain whether zooxanthellae. brown or 
yellow cells believed to be flagellates, are available 
for food to their host. These structures are found 
in the gastrodermis and may be symbionts. 

The nervous system is primitive and nerve im- 
pulse transmission between each part of the bodv 
or each polvp is imperfect. In some pennatulans 
and zoanthids. bioluminescence can be observed. 
Anthozoans have strong regenerative powers, es- 
pecially in those species which have originated by 
fission or laceration. See Bioi.vminf.sc.f.nck: RE- 
GENERATION f BIOLOGY). 

Ecology. All anthozoans are marine, and most 
arc sedentary except the free-swimming larval 
stages, while aclinians, rerianthuK and pennutu- 
Ians are somewhat movable. Thev are widelv dis- 
tributed over the world, extending from the Arctic 
to the Antarctic: however, they predominate in the 
tropic and subtropic areas of the Indo- Pacific 
Ocean. Actinians also inhabit colder water areas 
from which deep sea species of gorgonian*. pen- 
natulans. and sderactinians have been collected. 

Anthozoans seldom tolerate desiccation or heaw 
sedimentation. Thev are so sensitive to reduced 
salinity that thev usuallv do not live near coastal 
areas where there is river drainage. Tropical corals 
are able to endure high temperatures and are ad- 
versely affected by low temperatures. Therefore, 
coral reefs are commonly located in tropic and sub- 
tropic regions. See Coklenterata : see also Cor At. 
reef: Hydrozoa; Sc.ypiiozoa. [k.a . ] 

Bibliography : L. H. Hyman. The Invertebrates. 
vol. 1. 1940; R. C. Moore fed.). Treatise on In- 
vertebrate Paleontology , 1956. 


Anthracene 

A colorless crystalline hydrocarbon (Ci »H k» I which 
melts at 216.2°C and boils at 340°C. When pure, 
anthracene shows a blue-violet fluorescence. It is 
obtained from coal tar, which usually contains 
about 1% of the hydrocarbon. 




Anthraquinone 


Mild reduction of anthracene yields 9,10-dihy- 
droanthracene. while oxidation yields anthraqui- 


none. Irradiation with ultraviolet light yields a 
photodimer in which two molecules of the hydro- 
carbon are linked together through the 9J0. or 
meso, positions. 

Anthracene has had little commercial importance 
since a direct method for the synthesis of umbra- 
quinone from benzene derivatives was discovered 
Anthracene has been used as a light-screening ad- 
ditive for plastics and finds some application in 
the manufacture of pesticides. See Aromatic my- 
drocarbon; Polynuclear hydrocarbon. |ck.b.| 

Anthracosauria 

A major group of labyrinthodonl amphibians i n 
which the pleurocentra of the vertebral column 
form complete rings about the notochord. The An- 
thracosauria include the Embolomeri, in which the 
intercentra were also ring-shaped, and forms with 
smaller intercentra leading to the Seymouriamor- 
pha and ancestral reptiles. See Amphibia h>.hhi.s; 
F.mroi.omfri; Laiiyrin tiiodon tia. | A . s . H .j 

Anthranilic acid 

A white, crystalline ucid, o-Ilj.N C f .ll» C00II 
possessing a sweet taste, and melting al H(i C 
Anthranilic acid is slightly soluble in » old w ;it* : 
and very soluble in hot water. The most impoTt.mi 
commercial synthesis is via the Hofmann degiaild 
tion of the sodium salt of plithalamir mid. 

O 

o-IljfN C U\U OH) Nil* 

See Amine. 

Anthranilic acid is used in the swithc-i*. <»t <h 
phenic acid and as an intermediate in flu* pirjMi.i- 
tion of dves such as thioindigo. The ester, rnrilnl 
anthrunilate. is present in and is partly respoiMhlf 
for the flavor and odor of grape juice; the svnthrlii 
ester is used as a grape flavor. See Carboxui* 
ACID. (F..BK.I 

Anthraquinone pigments 

Coloring materials which occur in plants, fungi, 
lichens, and insect*. About fiftv different deriva- 
tives of the parent compound, anthraquinone. 
have been isolated. Several of the pigments have 
been used as dyes; others have been utilized as 

0 0 OH 


0 

Anthraquinone 

cathartic drugs. * . 

The best known anthraqjainone dye i* ali*aiin» 
natural dye known to the ancient Egyptian* 
Persians. It occurs in the root of I he nia 
(Rubin linctorum ), native to Asia. Madder ^ 
came an article of commerce in Europe as car ' 
the year 700, and cultivation in Europe inrrea 
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t0 mi estimated 70,000 tons per year by 1868. Al- 
though alizarin was first isolated in 1826, all early 
■it tempts to determine its structure failed. The 
4 iurtura was ultimately established in 1868 by 
Li. C.raehe and C. Liebermann, who also synthesized 
it. The synthetic* alizarin soon drove the natural 
product from the market, and u considerable dis- 
turbance to the agricultural economy of Western 
Kiimpc resulted. 

Another natural anthraquinone pigment is car- 
minic acid. It is the dyeing principle of the rochi- 
neal dye, obtained from the dried bodies of the fe- 
male of the insect Coccus cacti , which lives on 
lactu* native to Mexico. This, and other, natural 
anthraquinone dyes have largely given wav to bet- 
ter and cheaper synthetic dyes. 

Frnodin is an anthraquinone pigment with strong 
cathartic properties and is an active principle of 
i-dM-ara. senna, aloe, and rhubarb. |s.m.k.] 

Anthrax 

\n acute infectious disease, primarily of animals 
from which man may be secondarily inferted. It N 
educed by Bacillus anthracite a sporeforming hac- 
teriuvn. In animals the disease, known as splenic 
lr wr. o« curs when spores of II. anihracis are eaten 
with forage. Man '•'•ntracts the disease h\ contact 
with infected animals or animal products Mich as 
hone meal. meat. hide, and fur. 

Hie diseas#* occurs in ucarlv everv country in 
•lie world. From I *>46 to I *>66 there were 6447 
k mow n outbreaks in animals in .P) states of the 

1 nitrd Males, with Iosm** of 17.604 head of live- 

-loi k 

Cause of anthrax. II. anthracis Is gram-positive, 
(••d shaped. 3 8o. in length h\ 1 1.2p in diameter. 
a \ u \ belong* to the family Barilla# eae. In inlected 
iimiimU. the microorganism occurs as chains of 
- 8 I*a« illi surrounded h\ a large capsule i^r II- 
hi-tiationf. \\ h#*u grown on artificial media, the 
• hams contain more bacilli, and tin* capsule is 
l-'-i 1 ndrr conditions unfavorable for growth, the 
!, anlli form small. ellipsoidal spores which ate 
\rw n-intant to temperature extremes and to de- 
hydration. The spores, which remain capable «»f 
-irnwth f,> r about 12 years, are ingested b\ ani- 
mals grazing on pasture land contaminated with 
‘he dropping* of sick animals. The spore capsule 
"Mituiim polvglutamic arid. This, plus an extia- 
" Hular toxin which produces edema, combats the 
ho*i defense mechanism. The toxin inav later kill 
host by producing secondary *hotk. 

Anthrax in animals (splenic fever). The most 
M,, “epiihlc animals are lierbivora. especially cat- 
•h* “beep. pigs, horses, and goats. Usually septi- 
°r blood poisoning, occurs. The effects \arv 
’'"in a sudden apoplectic attack (with death oc- 
,,,Mr *ng a few minutes after the appearance of the 
h«M sviu|rt oms » to a subacute but eventually fa- 
'Jbiess manifesting fever, an enlarged spleen. 
,,u * frequently intestinal disturbances. Sometimes 
,M, d nianifestations. which are less often fatal, «*c- 
1,1 l*ur example, in cattle and horses circum- 



Photomicrogroph of blood from a sheep that died of 
anthrax. ( USDA ) 

scribed cutaneous carbuncles may appear, and in 
swine similar lesions are commonly found in the 
throat. 

Anthrax in man. The disease in man occurs al- 
most exclusively from c ontact with animals or ani- 
mal products, h takes three main forms- malig- 
nant pustule, pulmonary anthrax, and intestinal an- 
thiax. 

Malignant pustule (cutaneous anthrax!, the 
most common form, results from contamination of 
the skin. \t. irea of inflammation forms and ne- 
croses in the * -Titer which becomes brown, pur- 
plish. or black, and is surrounded bv an area of 
edema and bv vesicles containing Yellow fluid. 
There is no true pus and little pain. Fatality is low 
and occurs only if generalized septicemia ensues. 

Pulmonary anthrax (wool-sorter’s disease) is 
caused h> the inhalation of dust containing spores. 
Patchv areas form in the lungs. These areas hem- 
orrhage and become solid, the hilar lymph nodes 
are enlarged, septicemia develops, and, if diagno- 
sis i* not made earlv, death follows. 

Intestinal anthrax may follow the eating of in- 
fected food. Carbum le-like lesions in the ileum 
and cecum have been noted; the intestine also 
shows local areas of hemorrhage. A septicemia de- 
velops and death follows if an early diagnosis is 
not made. 

The two latter types of anthrax are rare but al- 
most invariably fatal. Treatment is difficult because 
of the short period of time between onset of symp- 
toms and death. 

Immunization, diagnosis, and therapy. Live 
spores of attenuated virulence form an effective 
vaccine for cattle and either animals. A cell-free 
protective vaccine has been produced for use in 
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man, This vaccine is a sterile filtrate from a cul- 
ture of B. ant hr avis grown in a chemically known 
medium with controlled incubation time and tem- 
perature. 

The disease is diagnosed by microscopic identi- 
fication of bacteria in the blood and by the Ascoli 
thernioprecipitin test. In the Ascoli test, a precipi- 
tate forms when a boiled saline extract of infected 
tissue is added to a suitable immune serum. 

If used early, penicillin and streptomycin cure 
anthrax. See Bach. lack ak; Bacteriology, med- 
ical: Gram’s stain; Infectious disease trans- 
mission; Toxin, bacterial. |ii.sm.] 

Anthropology, physical 

The science which treats the biological aspects of 
man and their relation to his historical or cultural 
aspects. Psychology and the medical sciences deal 
intensj\el\ with particular areas of human nature; 
physical anthropology integrates these and other 
approaches into the broadest view possible. This 
view regards man as a species of animal, encom* 
passing his evolution, his functioning in vaiinti* 
organ i\Mrms. his adaptive qualities in relation to 
his environment, his genetics, and his variation in 
individuals, populations, or racial groups. See 

Anatomy, regional: Kvoi.i nov. urc.ank : <.f- 
n E rics ; Medicine: P*yihoioly. einsmi m.n ai. 

AND EXPERIMENTAL. 

Human evolution. Man is distinct from Other 
higher primates tnmnkevs and ape*! in a varieiv of 
anatomical details, such a* relative hairlc**ne*s of 
the body, a nonprojecting canine tooth, and a t hin 
and a nasal bridge. The last two features reflect a 
less projecting mouth region. The main distinc- 
tions. however, relate to two major patterns, up- 
right walking and an enlarged brain. 

It is evident that a primarv adaptive shift was 
responsible for emergence of the human stock, re- 
sulting in freeing the hand- from anv part in loco- 
motion (such as the brachiating or arm-swinging 
of anthropoid apes), ami leading to the following 
modifications for true hipedali-m. The lumbar 
curve of the lower spine raises the trunk erect on 
the pelvis. \ shortening and bending hack of the 
upper or iliac part of the pelvis balances the trunk 
over the legs, and shift- the gluteus rnaximtjs mus- 
cle backward to a point where it inav act a- an **x- 
ten-or of the thigh, pulling the leg hack in walk- 
ing. In the foot, the heel is lengthened. »he great 
toe has loM the characteristic primate ahilitv to be 
opposed to the other toe* which are shortened, al- 
lowing a hinge joint to form aero** the ball of the 
foot. This, and the fixing of the midfoot, nr tarsus, 
b> ligaments in a somewhat flexed position. giving 
rise to an arch, introduces a new fixed working 
component into the hindlimh. allowing the use of 
the ball of the foot in walking. It appears that 
these physical modification* had taken place at 
least by the beginning of the Pleistocene, 1,000,- 
000 years ago. 

Brain-size increase was subsequent to this time, 
and probably consequent upon hi pedal ism and free 


use of hands. This increase is apparent in the In, 
man fossils (Hominidue) of the Pleistocene 
(sec Fossil, man). Speech and the making „f 
tools are often cited as characteristics of rUdrj 
and may be regarded as the functional cqui\;i| n „ 
of the anatomically expanding cerebral cortex }f r 
havior studies show that chimpanzees, allhuujd, 
their brain volume is roughly equivalent to fl lal 
of primitive hominid* and they can underhand 
much simple human speech, are strongly U nt^ (l . 
nistic to being taught to speak words ihenisrlvr. 
This suggests a possible temperamental differ 
in earlv hominid* : that is. in spite of their |, r;llh 
si/e. which was similar to that of apes, earlv b,, fm 
n ids mav have been predisposed toward langua^. 
and culture. Sociallv. however, the great apes di- 
plav the gregarintjMtess. capacitv for j a | i„ 
teraction. and with* range of individual pci ^firiali- 
tie> which mav be viewed as basic to the formation 
and integration of social groups of human i\p,. 
>ce Prim \ tf * i i c»**ii l . 

Race and geographic distribution. C.mdid 

tcrnafic description and measurement of pln-m.il 
trait* is a traditional method of phy-dial anilir..- 
pologv. and the oldest. Ncc Anihkocomi iky: \\ 
riiRurosr oi*y. 

('/a ski fit at ion of wan. \iitiiallv .ill pnpul.itimh 
of the world have been sampled h\ the*** ir. h 
nique*, and a large bodv of data now e\M* f..i «,,, 
in comparison or in wirioti* special -Midi* * -u< li ^ 
the relation of *i/r to climate. From thi- m.ifcnii 
h.t* emerged a picture of a few inapt! ra< ml -t«». I ~ 
and of great variation in si/e form, or Iih ,i) t\|.r 
within these stock*. 

The major races almost coincide with the coni' 
nents in recent distribution, and are di-tingm-lici 
in a few obviou* % bara< teri*li« s. 'Hie while or l,.ni 
easoid stock centers in Furope but o«nipie* Nm >1* 
Africa and much of western \*ia: it i* * t*'»- 

ized bv a nonprognaf Irons fa, e with a lelaliveb hi^l- 
and long nose, ton-iderable hodv hair, and a v.u\ 
ing tendenev to depigrnentatinn. 'Hie Negroid- .m* 
densely pigmented. w r ith woollv hair, piognalhoii- 
faces and low no*es, and everted lip*; tliev 
in Afrir a south of the Sahara but e\t» nd into -.mill 
east Asia and the western Pacific in the pvgm' 
Negrito variety, with Melanesian population* «»t 
full-si/ed Negroid*. The Mongoloid*. centering in 
northeastern Siberia, have straight black Ikui 
sparse on the face and body, and a broad, geiimll' 
flattened face with a low nfc*e and fat-padded e\i j 
lid*: the Mongoloid* extend southward and west- 
ward in Asia. The America# Indians are similar ex- 
cept for a less extreme facial flattening and no-* 
reduction. The natives of Australia, fitting none 0 
the above storks, combine flfeavv pigmentation "iti 
hairiness and cranial rugge^ne**. 

This grouping of munkirid does not differ n ' ar 
edf/ from that which J. K Blumenbach mat* m 
177f>. in spite of the volume of added data am 
use of new and helpful type* of information 14 1,1 1 J 
blood groups and fingerprints. Attempt* at 11 1 
ment or the definition of atibracc# within l» e tt m 



, rm ,p h have remained largely inconclusive. except 
poHsihly f«r the recognition of the Polynesians and 
t | lt » Irishmen of South Africa. How many races 
,|, r -ir are ha* not born agreed upon, and the appar 
t nl lio|M*. at om * time, l,ial a niorr r »^bl scheme of 
race* might hr found, to explain the varying 
| jntergruding populations of many parts of the 
world, has hern unfulfilled. 
tfarr formation and prams of < hnnge. A more 
\ irw of rare accepts the above phenomenon 
„j intergrading and regional variation, not as the 
, r .ult of the hybridizing of “pure” nice-, but a- i|, r 
fM ,|l of the basic pmcr-se- of small -rale evolu- 
( IK for example, adaptation, -eb-ition. genetic 
,liifl. and continuous gene exchange. Adaptation 
„ki\ he expressed in bodv h/c Ir-pniallv weight), 
whirli is correlated inversely with mean annual 
temperature according to Heigniaun's rule; that is, 

I u id Y hulk tends to he greater, fc.i greater he at con. 
.rnalinn. in coldei ureas. Thus smite Imdilv traits 
atr not essentially rac ial, hut are en\ ironinental in 
oi l-itth* is known about adaptation in other 
tnituirv although it is prohaldv important. The 
Mongoloid flattening of tin* fare is prohuhlv udap- 
tlM . for extreme drv cold. bv protecting the eve- 
die mucous memliianes of the* nasal <a\ilv and 
*ikin color i- Srgelv due to the amount of 
tan il.»r melanin present in the epidermis: rnela 
n, i* .m elite ient reflector c.f ultraviolet light. Dark 
uj, jw therefore |iresiuned to act as a s« teen for 
prr ii— ue* against sunlight in the tropii « |fow- 
or. the our demonstrated difference between V* 
.Mrs and whites relates to greater Negro rrM^tann' 

. . rrt.un disc.t-rs infecting via the ectoderm, not 
-iinlight. It mav be expected that mi< h inve-tig<e 
will ••ventiialH merge* with others in the held 
•« .nl.iptatioti and selection in bioehemii al traits. 
\i»nrig the latter, the hemoglobin variant ** v i rf u- 

i‘»\ iitlml m the homo/vgot|s -fate. whi» h produces 

-m kb % ell anemia, has been shown to confer re- 
M*taiue to stibtertian malaria in the apparentlv 
lurmlc-ss hetero/v gou- state; as a case of balanced 
1 »i\inorphisrn, this trait i- very common in tropi* 
■‘•1 Vfrica. Similarly. antigen- of the AMO blood 
'' st#-ni have a complex -el c»f selective advantages 
^'"1 disadvantages with relation to various diseases, 
"lii'li I- doubtless of prirnarv importanc e in delri* 
filing their geographical and racial distribution, 

< >cnsri|ueiit|\ their usefulness in -Indies of hi-lori- 
race relationships is dubious. In general, races 
Mewed, not a- the def endants of stmnglv de- 
lnud pure strains, but a- geographical populations 
bfTrring in their gene proportions, more pro- 
'"nncrdly with respect to certain characteristics, 
■"‘t ndowed with considerable internal genetic 
Ration in any <•«*<?. .See Ai.i.i.i.k; CUm m tiov 
psychology, behavior. Standard mental 
* and aptitude ted* have lw-rn applied 
^ ™ in the United Staten, showing a\erngr dif- 
\*) n I ** H - r «eial and national group- in the 

at ion. Fluctuating greatly, they ba\e. how* 
^ hnH * f *tently favored native whitr childirn 
M f^eent immigrant groups. Negroes, or 
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American Indian-. !.ac*k of control of environmen- 
tal or social factors affecting test results has 
Kiusc.d general doubt as to the actual significance 
°. * u aec-urnulafed data. Apparently, a more com- 
plete theoretical basis and better techniques of in- 
stigation will he needed, involving some under- 
standing of the genetics of functi.mal behavioral 
trait- and of the individual variation within popn- 
Jut inns or racial groups. One of the mo-t successful 
n j' 11 . . a PP r,> aches ha- been twin studies. 

Individual variation. This ha- been at all times 
the cent i til he ld of research in anthropology. Early 
toe it - in racial classification were concerned more 
Will, the existence than with the explanation of ra- 
cial difference-, and with te-ting nidi differences 
hs standard measurement-, mean- and probability 
-tali-iif Later work was addre—ed to the trait- 
theni-elve^.. that is. to organization of Imdv form or 
,,f f'h' biological re-pon-e. This called for the addi- 
tion t*i traditional method-, of hvpothe-e- ha-cd on 
thc«»reti* al consideration-. experimental design 
t difficult in t h« k ca-e of rnan). selection of non- 
standard iriea re-. a variety of technique-, and re- 
fined -tati-tic- dealing with variation and correla- 
tion. 

Osteology. From the beginning of phv-ical an- 
thropnlnyv. oh-ersation *d form and variation in 
v k oil and -keleton wa- the ha-i<* meth*»d of -tudv- 
ing otln-r primate- and fo-^il men with relati<m t*» 
m m and r;n of the pre-ent. It was also a fir-t 
field in wlii(h que-tion- of function were ap- 
pioa*hed \- an example. Manomrier. of the 
fr»-mh s« ho«d of Broca, in the 18^0- related \ari- 
ou- feature- o< « urring in the femur and tibia 
‘third trn* banter; flattening «*f the upper femoral 
•haft, or platvrncria: tran-\er-e flattening of the 
tibia] -hafl. *>r .datvenemia ) to empha«i- of the 
Kent knee'’ gait o tea-ant- walking in a -tre—ed 
p*»sture on uneve, ground or carrying a burden. 
Later work in the lahnralnrv ha- -tudird the me- 
chanical significance of hone form bv the direct 
method- of ph\-i* v Other experimental studies on 
mils I* 1 function and bone form have been done 
both in the lahnratorv and in the field, hv di— er- 
ti«»n. e-pei tallv of primate-. 

Vaiiathui- of evolutionary ( -upracond\h»id proc- 
e— of the humerus? i or genetic (metopic -uture 
of the fr*mtnl bone? ) significance have been re- 
corded in quantitv. -*» that dose acquaintance with 
the -keleton ha* at al* imes been a mainstay of 
pr.ishu! antbnqmlogv in its approaches to evolu- 
tion. ra* e. and function. 

Human genetics. The bade determinants of hu- 
man and animal variabilitv lie in genetic recombi- 
nation and multiple alleltan in the gene yw»ol of the 
imputation. Although man is not a -uitable lalmra- 
t*»rv animal in the ordinurv se*n-e. his concern with 
his own minor variations and pathological Mates 
makes him advantageous for Mudv in special wavs. 
Ordinarv Mendelian behavior and population ge- 
nrtics are studied mainlv through blood antigens, 
mdi us of llu- \B0. MN. Kh. and otln-r 

«vMefn« tsrr SiROi.ot vl. Mutalion and as- 
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peets of physiological gene action are observed in 
pathological traits of single-gene determination, 
such as alkaptonuria. The genetics of racial cri- 
teria (skin, hair, and nose form), of normal mor- 
phology. and of continuously varying measure- 
ments is more difficult to investigate and is yet 
little known. For detailed treatment, see Human 

GENETICS. 

Growth . Variation reaches expression through 
processes of growth and development. Prenatal 
growth, studied both in human embryology and in 
controlled animal experimentation, has yielded 
data on relative velocities of development, that is, 
of bones of the skull and vertebral column, leading 
to differential body size and shape in individuals or 
lines. 

Postnatal human growth is traditionally a field 
for physiologists and pediatricians, hut physical 
anthropologists have been particularly active as 
fnrmulators of research and of methods of analysis. 
Height and weight were the earliest criteria 
studied. To these have been added skeletal develop- 
ment (x-ray assessment of progress of ossification 
and epiphyseal union, especially in the wrist, al- 
lowing estimation of relative retardation or precoc- 
ity); physiological stages at puberty fstich as age 
at onset of menstruation, or menarcheal age. in 
girls, genital development in either «ex, activity of 
steroid hormones): and stages of calcification 
(crown formation) and eruption of the teeth. 

First studies were largely cross-sectional, or 
based on numbers of children of different ages 
studied at a single time. These showed a slowing- 
down of growth rates in childhood followed by a 
speeding-up, the adolescent growth spurt, occur- 
ring earlier in girls and leading to their being 
briefly superior in size to boy* at about 12 vrnr*. 
Longitudinal studies were started later, These fol- 
low the actual growth of individual children rather 
than inferring growth from the averages of differ- 
ent age groups. They revealed further facts. There 
are considerable individual differences in tempo of 
growth throughout, so that any child's shift in ve- 
locity of growth at adolescence tends to be actu- 
ally sharper than the age means indicate. Also, 
those entering the adolescent spurt earlier grow 
faster, hut late-maturing children tend to catch up, 
so that there is not known to be any relation be- 
tween final size and the speed with which it is at- 
tained. 

An early leader in this field was F. Boas, better 
known for his work in other branches of anthro- 
pology. A number of centers for growth study were 
founded in the United States and some other coun- 
tries, making possible longitudinal studies by 
teams of investigators. Examples are the Iowa 
Child Welfare Research Station, the Fels Research 
Institute (Yellow Springs. Ohio), the Center for 
Research in Child Health (Harvard .School of Pub- 
lic Health), and the Brush Foundation Study 
(Western Reserve). A more specialized field is 
growth of face and jaws with relation to dentition 
and occlusion, in which anthropologists and ortho- 


dontists have collaborated; the United States ari( j 
the Scandinavian countries have been e^pr, ia|| N 
active in this field. 

Anatomical and physiological variations. | n ., ( j 
dition to racial truits such as hair form or lip 
sion, physical anthropologists and others } ];lv 
investigated tissue components of the body, fur < x 
ample, water, skeletal weight, fat. and bun \„ U \ K 
mass. In this newer field, the problems li<> largt-K 
in relating body composition to function, to n] 
vironment, and to response to diet or drugs, iUIV 0 , 
which may also be reflected in existing rarial dif. 
ferences as well. 

A major problem is the interpretation of 
weight. The lean body mass (the essential lm.l\ 
skeleton, muscles, nervous system, viscera, skm 
but only the essential fat of the nervous s>t.t,., 1 , am j 
bone marrow) is less variable or changeable i|, ilfl 
the subcutaneous or deep fat. which muv v.n \ f r ,„ ri 
a negligible amount to over SO' ? in obese in<li\ ui 
mils. Estimation of fat and lean hod\ rn:i>. ,, 1( 
other components ) in the living mav be made fr.in, 
specific gravity, or bv injection tei hnitpie^, or | )V 
anthropometric measurement. On this basis rr l,i 
live fatness mav be estimated more clo*el\ than i- 
possible from standard height-weight-ngr 
The latter seldom allow for bodv -build dilfeicn, i*- 
such as differences between a -olidl\ built .uhl-in 
person and one of the same height .iud weiidii 
whose mass i* largely fat. 

Fat mav be estimated direc tly b\ skinfold . ,ih 
per measurements taken at various mu*. • 
ciallv the upper arm. the abdomen, and the Iowa 
point of the shoulder blade. The fat blanket of |}m 
bodv is thickest at the i best and abdomen in mm 
and abdomen and thighs in women, tapering off i". 
the extremities except for points of spn i.il imli 
vidual variation (behind the knee or on eithn -i*lr 
of the tendon of Achilles at the ankle i. In nonohe- 
adults nf both sexes, fat on the lower limbs t.-iul- 
to diminish as age progresses, while that to* an! 
the renter of the bodv increases. Relationship 
body shape to climate mav be seen in these term- 
Fat is an insulator, transmitting heat at mib «•»»■- 
half the rale of muscle tissue. Fat around the • 
tral body and upper arm and leg ar ts like wo«»h*n 
underwear in cold climates; if also causes greater 
heat distress in hot dry climates. In the latter. «■- 
peeiallv in Africa, a typical iwdy form i Tuareg. 
Nilotic Negro) in a tall, spare body acting a" * ,,n 
efficient radiator of body boil. 

Organization and interpretation. Attempts t" or- 
ganize physical and psychological human differ 
ences into general categories have been ex preset . 
ever since classical times, |n constitutional l>'P on ' 

1. Somatotyping. The system most widely reeug 
nized is somatotyping. devdoped by W. H. '.‘ ,l 
and associates. This differ* from its predecessor** in 
that individuals are not placed in mutually ‘j 
sive types, but are rated on three component**- ra ‘ 
of which is present in varying degrees in any P ' 
sique. The ratings are made on nude phot«fl rfl l* 



j„ ..tandurdized poses. lining a scale of 1 7 for each 
roM iponent: 1 and 7 are the extreme minimum and 
maximum categories. 

'Hu* first component is endoinorphy, which ex- 
rnundiiesM and softness nf the Imdy : an in- 
di\ iclual extreme in this exhibits a centering of 
|, 0( J\ mas- in the abdomen and thorax, a hamming 
„f thighs and upper arms, and a tapering of the 
to weak, small hands and feet. The second 
nmiponent, mesomorph v, emphasizes squareness 
j„ ( | hardness of the body, with hone and muscular 
^wtem determining shape and surface topography 
qnmglv. The physique suggests strength and ath- 
has a thorax predominating over the ab- 
domen in muss. wc'lhniUM'led lower limb segment <». 
jn d Imlkv hands and feet. The third component i- 
«iiMtnorpli\. expressing weedine-s. delicacy, and 
lincaritv of the body; the individual rated high in 
i|,j. lack- both the padding of endomorphs and the 
^ilctal and muscular bulk of mesomorphs. 

Thi- -v-tem. based on visual rating bs trained 
o|M*i\ei-. has been successful in registering char- 
jiteri-lic- of phv-ique which ime-ligator- have 
|„nu ii'togni/ed subjectively without being able to 
,.bir< 1 1 f v . The *v*tem has been u-ed in clinical 
w.irk but it- pbvsiological or genetical ba-e- base 
m«t been worked out. In behavior. S. Gluerk and 
(• I’, Glticvk have dertiorist rated a relation between 
».!i‘M>morphv and rxpre— rd im idem e of nivenilr 
ilrlinipiencv . a- well a- more specific a-*n< iation- 
,( behavioral traits and the several component-. 
'{ 0 i;il difference- in component strength doublle-s 
vi-t but have not been exten-ivelv pur-ued. Much 
Miiam- to be done to carrv -omatntv ping hevond 
i!ir descriptive stage. Many woiker* prefer the 
'•■we dire* t approach of e-timaling bods compose 
imn. de-i a ribed ahov e. 

J Nati-tical analysis. Thi- interpretative terli- 
mi-nc. now general in biology, owe- much of it- de- 
u'litpmeiii to K. Pearson, using material- «»f phv-i- 
»l .inthropologv . and later to H. *\. Fi-her. 
b'»ntintied expan-ion ha- been called for bv the 
ditfn iili\ of applying the direct experimental 
imtbod to rnan. lender Pearson and his rnworker-. 
I'robabiliiy statistics and devices -uoh as the chi- 
-•piare distribution made po— ihle a— e.— nienl of 
Mvmfirance of difference- betw'een mean- or di*- 
'ubution- ; Pearson also developed the product mo* 
ln, ' f, t correlation coefficient. Two later tool- of 
sm-ji value are the analx-i* of variance and multi- 
'3riate analysis. The former allows, for example, 
segregation of different influences contributing 


,u variation (such as genetic, environmental, age. 
Jn, l familial I according to the nature of the data. 

l a, icr comprise* several techniques in which 
decorrelation among measures, that is. their es- 
' f,,, ti«l biological organization, mav he examined 
" r faken account of. Measures of generalized dis* 
J i,nr ° a, ««ng populations allow the-e population* 
0 ’ e placed in their exact relationships with re- 
Ej! r a number of measurements used at once. 
J^iminant functions or canonical variates al* 
lighting of traits to provide the best possible 
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discrimination between two imputations, or to spec- 
ify the most important aspects in which they differ; 
the discriminant function is also used to identify 
an individual of unknown assignment with his cor- 
rect group as well as possible; it has been used to 
assign sex or species to such unidentified speci- 
mens. Factor analy-is interprets the correlation 
among a larger set of measured trails in terms of a 
few' reference axes; these may then he translated 
a- general or common factors, of biological signifi- 
cance. which are causing the correlation observed. 
Such analyse* of human body form have distin- 
guished factors of general body size, of limb 
length (as against tor-o -ize ) . of general head size, 
and of more local significance, such as three or 
four separate zones of the vertebral column (in 
thi- c a-e of rabbits), or independently varying 
growth -ite- of the -kull and facial skeleton. These, 
supposedly indicate sites or zones capable of de- 
gree- of independent re-pon-e to genetic or envi- 
ronmental -timuli during development, or to other 
ph« •rmmenu of developmental timing leading to dif- 
ferentiation o r -i/e and -hape in the adult individ- 
ual. Nee Hiomktriis. | w.w.ii.] 

Rildiograpln : W. C. Rnvd. Genetics and the * 
Harrs nf Man, 1050: W. K. I.. Clark. The Fossil 
F.udeucr for H umari Flotation, 1055; C. .S. Coon. 

M- Carn and J. R. Bird-ell. Hares . 1050: S. M. 
Carn and / Shamir. Methods for Research in Hu- 
man Growth, 1058; S. Cluerk and K. T. Glueek. 
P/nsique and Delinquency , 1956; A. Keys and 
.1. Bro/ek Bod\ fat in adult man. Physiol. Reis. n 
55:245 525. 1055; \V. H. Sheldon. The J'arieties of 
Human Physique. 1040: J. M. Tanner. Growth at 
Adolescence , 1056. 

Anthropometry 

Hie -tudv of htiir ir variation by measurement nf 
continuou-lv var ing traits, such as stature. In- 
cluded are o-teometrv and craniometry, the meas- 
urement Accmding to standardized techniques of 
the hone- of the skeleton and of the skull respec- 
tively | sec \n rilROPOl OC.Y. ritYSK At,: Biomkt- 
rk s ) . In earls anthropometry. P. Camper meas- 
ured the facial angle to demonstrate the different 
degree- of prognathi-m or facial projection in Eu- 
ropean-. Negroes, and the orangutan. In 1848. 
A. Het/iu- introduced the cephalic index, or ratio 
of head breadth to head length, in order to de- 
scribe head shape a- mathematical proportion 
t ti-ing the terms dolochocephalic for a relatively 
long head and braohv cephalic for a short or round 
one). From 1850 on. following P. Broca, French 
and German anthropologists established full sys- 
tem* of measurement, and international conven- 
tions were held to attempt general standardization 
of technique*. Although it was originally employed 
for racial comparisons anthropometry, with the 
help of developed statistical techniques and pro- 
cedures which allow for broader handling of data, 
as well as with the help of punch-card computing 
equipment, is used for varied studies in physical 
anthropology. The se include growth, environmental 
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effects on man, human engineering* and the ad- 
vanced analysis of morphology in general. 

| W.W.Ii. | 

Bibliography: E. A. Hooton, Vp from the Ape. 
rev. ed.. 1946. 

Anthroposcopy 

The systematic study of racial and other variations 
in human beings, specifically h> visual observation 
rather than by measurement tsec Anthropome- 
try ). Skin color is* recorded by verbal categories or 
b> matching against scales of standard pigment or 
colored glass, and also b> use of the spectrophotom- 
eter. E>e color mav be checked against standard 
glass eyes, recorded by color photography, or re- 
corded by careful direct observation of the pigment 
distribution in the pupillar> and marginal zones of 
the iris. Hair form, quantity, and distribution: 
nose "hape; lip form: eyefolds; ami other physi- 
cal traits are noted by similar scales and cate- 
gories. A special development of anthroposropv i*. 
somatotyping. dealing with broad aspects of con- 
stitutional development. See An i hkopomh.y. PHYS- 
ICAL. | W.W.II. j 

Bibliography : E. A. Hooton. I p from the Apr. 
rev. ed., 1946. 

Anthuridea 

A sulwirder of the Isopoda. These crustaceans are 
characterized by slender, elongate, siihcy lindrit al 
bodies, and b\ the fact that the outer branch of the 
paired tail appendage < tiropod » arches over the 
base of the terminal abdominal segment, the te|s*»n. 
As in the related suborder Flabellifrra. the urn pods 
of anthurideans attach Jaterallv to the abdomen 
and together with the telson form a caudal 4an. 
Mainly because of this similarity, the anthurids 
were formerly considered a farnilv of the Flabelli- 
fera along with other fan-tailed isopods. They range 
in length from about 3.5 46 mm isee Fi.ABKI. LI- 
FER K j . 

On the basis of inouthparts and other structural 
features, the suborder ran be divided into two sec- 
tions. 


Sections of Anthuridea 


Structural feature 

Mouthpnrl* 

Statoryjitft Pre- 
ceptors for 
balance/ 

Second and third 
thorac ic lew* 


Section A 

Biting 

Paired; oecas ton- 
ally nlwcrit 

Exceptionally nub- 
chelate or as large 
as first jwiir 


Section B 

Sucking or pierr- 
iug 

ften»*rully ab- 
sent impaired 
wticn present 

Always simitar to 
first pair 


Marked sexual dimorphism is shown in the first 
pair of antennae which, in males of many species in 
both sections, develop brushlike whorls of setae on 
the flagellum (see Sexual dimorphism). As in 
isopod* generally, female anthurideans carry the 
developing young beneath the thorax in a brood 
pouch formed by overlapping plates originating 
from the bases of several pairs of legs. 





exopod 
of uropod 


Poranthura infundihulata 


Anthurideans are m<>s||\ marine, but sunn* live m 
brackish or fresh water habitats. I heir sm.ill -p' 
and narrow flexible form enable llinn 1«» •> > ,! 
easily into erevices, empty worm tubes ami dull' 
among encrusting organisms, or to buiiow in H" 
mud. Some are facultative ectoparasites ol li-h 1 ' 
See I m iron A. I' 101 

Bibliography : H. Hichardson. 4 Monograph 
the Isopods of \orth America, l .S. Nall Museum 
Bull 54. 1603; K. H. Barnard. A Revisi.m_.il 
Family Anthuridae (Crustacea Isopoda). will) 16 
marks on Certain Moiphol igical IVcidi-iMt)' - 
J . Linn ran Sor. London . Zool. , 36:109 160. 19*- > 


/Vntiarchi 

A division of highlv specialized plarodcrin- 1 
stricted in their distribution to fresli-walei ‘ ,(l 
ments of the Middle and late Devonian. y i,Mr ‘ ^ 
were present in both pnltjr region* and t ie * 
aed south temperate zonef Members of tni" 
were generally small. nfcver exceeding 
length. A heavy dermal artnor encased me an « 
portions of the body (Figs, 1 and 2 )- .Differing ^ 

the arthrodiran condition, the Ivpieal l M,< ^ ^ 
cephalothoracic joint was composed of com ' * . j 

the tiny head shield which articulated int n K ^ 
fossae in the anterior edge of a large an * x 



15 cm. 



(o) 
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compounds, .see Avi mimic; Antim-ptu.: Suita 
muxs. 

Gaseous agents. These ure indispensable for 
disinfecting rooms or other large enclosed space*, 
bulkv oltjriis wiich as bedding. and valuable heat- 
labile materials Midi a* viral vaccines w lii<*h do no! 
lend themselves to filter sterilization. Tim most 
widelv used agents are ethylene oxide and form- 
ahMixde: the latter is likely to he completely so- 
pejsrdcd hv /^-propiolaclone. 

Klh vlrtif oxii/c. 



O- 

Cll 2 CH 2 

This -.distance. boiling point (h.p. l 10.8"(*. is coni' 
merciallv available a** a nonexp|o-i\e mixture with 
1(1',' CO known a* Carhoxide. Autoclaves spe- 
ciallv designed for its use are also -old. Like other 
alkvlating agent*. it is svstemieally poisonous. It 
has the ad\ outage of quirk removal and of not *e- 
linu-lv lessening the nutritive value of most foods 
and haeter iological culture media. 


(b) <0 

f t Ptenchlhyodes (Plenchfhys). a Middle Devo- 
WO onliorch. -oi Lot.-al view showing stole covered 
!01 | about 15 cm long. ,b- Dorsal and <e> ventral views 
,1 the armor. 'After Troqua.rl 



t. a 2 Lateral vtew o< flothr.olepis, a late Devonian 
worth, showing scaleless trunk and toil After Pal 
vr and Goodrich' 


1 In *i rit 1 i. hm kler The pn*-c-*ioii of pelvic fin- i> 
p'f-tiori aide hut pectoral appendage* 

■r. the -houlder region. Thr-e, again in control In 
thru ...unterparts among the arthrndire*. weir 
■pi:vl,ke projections ..imposed „f numerous drr 

■iul plates which. uniquelv. weir movable .»! then 
tii'ii illation to the Imdv. In addition, mam anti- 
art h- disphivrtl a second movable joint di-lallv to- 
*■11-1 the extremities of the appendage- See V«- 

iivinmiH \ : Pi a« om hmi. 

Hit* tail of these animals was fishlike and either 
•lakefl r, r scaled. Other appendage- im ludr a hot- 
' T, "*'nal c audal fin and either one oi t"»* dorsal*. 

uilisirrhs are considered to have boon bottom 
dwellf-fK. For this reason thev probably used their 
^‘dhle arms to rruwl about ami seek food and she! 
" ,r as much ns thev used them in free swimming. 

In.ii.nl 

Antibacterial agents 

'tiihiMit- tvr natural compounds which inhibit iht 
e, ""ili nr division of bacteria. Thi« article consul- 
K«seoiiji and dye agent*. For other antibacterial 


lteta-firopioi*i • /owe. 

Clb, C- O-Clla 


hi- agent. h.p. lfia C. has the advantage over 
•rmaldehvde of mnrli lr** persi-tenev. n.mflanv 
lahilitv. and noncnrrnsioii of metals. It is 4000 
me- more effective than ethylene oxide and ML 
(ill times more effective than (.11 Br (the latter is 
-ed f<»r fumigating grain elevators). /LPropinlac- 
une work- he-t at high liumiditie- and i- adive 
veil heh»w 10 ('. 

Volatile pn seruUiit'S. The-e are ti-ed for plo- 
tting nutrient -dutimi* against microbial action. 

I he pre-ervativ* lemoved hv -team -terili/ation 
,f the culture medium. One rurrentlv recom- 
mended mixture is made up of cldoroben/enr. 
lichlorodhane. and n-hulvl . hloride (1:3:1 hv vol* 

. Is.ll.it. i 

nine ) . 

Dye agents. These are chieflv pvronme (mer- 
,„r„.hr..mcl. acridine HietiUal acriflavinei. ami 
Iriphem linclbanc »r m-aniline i gentian Mulct 1 
,hc> Hi.lorii all', the diM-ovn of their ab.l.tv to 
prevent select iveh the growth of and to k.ll partic- 
ular kinds ,.f baric. ia led to the modern era of 
mm.< h for chemotherapeutic drugs. f-.xcept as -km 
< ,: »inferlaiils their cll.-al use has been rapidly 
displaced l» mote specific, and more effective ant.- 
biotic- anti sMuhctic drops with less toxic.lv for 
animal tissues. |„ diapnos.ic laboratory practice, 
dxes arc among the most valuable substance* ■ m 
hacleriolopical media for the H-lreln e iso a ion 
,„d differentiation of pure culture growth of hae- 
;, ria from natural sources. See C« tnw. • " mt- 
•| |, e basis for the antibacterial effects of d>es is 
their ahilitv to combine specifiealh with cellular 
„( Wlcria. Th. ,ri,k™.lnwWw 

tuve of gram- positive bacteria, a fact that ma> ex- 
plain why growth of these bacteria ,s more readily 


464 Antibiotic 


inhibited than the growth of graxn-negatjvc haote- 
ria. The antibacterial property of dyes is greatly 
affected by the degree of alkalinity or aciditv. The 
basic dyes are more antibacterial in alkaline solu- 
tion and the acid dyes more antibacterial in acidic 
solutions. Some dyes may raise the oxidation-reduc- 
tion potential level of the environment too high for 
bacterial growth and survival. The more reducing 
substances bacteria can produce the better they 
are able to resist this harmful effect of dyes. Ana- 
erobic bacteria are thought to be more resistant 
for this reason. 

The antibacterial activity of a dvc is not neces- 
sarily the result of the chemical structure of the 
molecule that makes it a colored substance. The 
classical example of this is the antibacterial sul- 
fanilamide. prontosil, which is a dye. The color- 
bearing part of the molecule can he dispensed 
with and the molecule remains toxic for bacteria. 

r™..i 

Bibliography : A. Albert. Selective Toxicity . uith 
Special Reference to Chemotherapy , 1951 ; L. S. 
Goodman and A. Gilman. The Pharmacological Ha - 
sis of Therapeutics. 2d ed.. 1955: R. K. Hoffman 
and B. Warshowsky. Beta-propiolactone vapor a* 
a disinfectant, Appl. Microbiol .. 6(5 1:358 .'162. 
195ft: S. H. Hulner. A. Curv. and H. Baker. Micro- 
biological assavs. Anal. Chem.. 30*41:8.11 867. 
1956; J. R. Polley and M. M. Guerin. The u*e of 
beta-propiolactone for the preparation of virus vac- 
cines: I, Selection of reaction conditions. Can. J. 
Microbiol., 3(6) :863 870, 1957: G. Sykes, Disin- 
fection and Sterilization, 1958. 

Antibiotic 

A .ubstancp produced by microorganism* which 
inhibits the growth of. or destroys, other micro- 
organism*. 

The first antibiotic to receive widespread atten- 
tion was penicillin, a war drug developed a* the 
result of a need for effective anti-infectious agents 
during World War II. The action of these sub- 
stances had been recognized for centuries. As early 
as 1889. P. Vuilleinin had scientifically employed 
the concept a* *‘one creature destroying the life of 
another in order to sustain it« own one being 
in unrestricted opposition to the life of the other." 
Vuillemin had referred to the active agent as an 
“antibiote." Ten years later, Marshall Ward had 
employed the word antibiosis to describe microbial 
antagonism. Finally, in 1942. after having spent 
man> years observing the activities of these agents 
and after having isolated many of them in pure 
form. Selman Waksman adopted the word anti- 
biotic to define any chemical substance of micro- 
bial origin which possesses antimicrobial activity. 

Even in 1942, the full importance of antibiotic 
substances in nature was not recognized. Although 
penicillin had been discovered in 1928 by Sir Al- 
exander Fleming, the scope of the sulfonamides as 
anti-infectious agents had not been defined at that 
time. Gramicidin and tyrothricin had not been dis- 
covered. and the fact that antimicrobial agents of 


natural origin could exert an effect against system j,. 
infections in animals and man had not been <] nn 
on st rated. It was not until the pressure of war sij, M 
ulated research on agents suitable for the control <>t 
infectious diseases that Sir Howard Florey and lij* 
associates succeeded in demonstrating the p,,^, 
tialities of penicillin therapy. But only after d„. 
discovery of streptomycin in 1944 and 
observations on the action of bacitracin. neoin\ Mn 
polymyxin, viomvein. chloramphenicol, chlnr aill | 
ox\ tetracycline, and other antibiotics that Wr|( . 
soon isolated did the full import of the anti|ii„|j,.. 
become apparent. 

In the 30-vear period after Fleming puldidinl 
his first report on penicillin, more than 20 .tniihi 
otics were made available to clinical medicine 
Hundreds of other* were studied and man\ is,,| al( .,i 
in pure form. 

Source. Penicillin is produced h\ *traiii*nf fr-m 
villi um not at tint and P . rhrvsogmum . Mn*t of t|„> 
other antibiotics currently in clinical iim arc p in- 
duced by actinonivcetes {.strcptnmvcete* i it Lnoifi , 
of bacteria now recognized a* producing .i \m,|, 
varietv of *nch *ub*tances. Antibiotic avv a\.„ 
prwlured bv other kind* i»f bacteria, and li\ lsin,*i 
algae, and higher plants. In the la*t-meuti«uiMi 
group thev are found in the plant ti**ue*, I'l.ilil. 
1). See A I TINOMYCKTACKAK. 

Production. The kev *lep in the pmdui tmn m 
antibiotic* i* a fermentation prnce**. Strain- .? 
bacteria or fungi, selected bv an elab»*iate -»>ut 
ing procedure from randorntv isolated pure ml 
tore*, are inoculated into a nutrient medium 
large vat*, and are incubated for vamng peri«»d- 
time. The growth of the microorganism i- -imu: 
lated during thi* period hv the nutrient- m Hi* 
medium, by aeration, ami In agitation. Clilor m: 
phenicol alone i* produced h\ •■liemicjil -with»-i- 
rather than bv fermentation. It is rl,i**ed a* .in .mu 
biotic, however, because initially it w.i* pr «»du* «*l 
bv a fermentation process. 

Different strain* of a single mi< rohial *!*'• 
may differ greatly in the amount* of .int il»i*»ti< - 
thev produce. Be*ide*. variation* in cultural condi 
tion* often markedly affect the amount of antildiUi* 


produced by one and the same strain. 


The production of an antibiotic in quantih 
fermentation and its subsequent recoverv frum tin- 
culture medium often rerpiire long period* »f ** nu 
But *tudie* of the optimum condition* for gn»wi’ 
and antibiotic prod net ioi£ may he applied t° 1 
means for hastening thiji process Pot»er chroma 
tography. a technique designed to separate m,ml * 
quantities of different jsubstances on s l" ‘ 1,1 
treated filter paper *tri|fs, allows rapid dcic(in*n 
of the antibiotic compound*, while the detirmin* 
tion of infrared and ultraviolet absorption S P U ‘ 
may aid in following th4 distribution of t ir 1 
hiotir in various fractions obtained by *»< 1 l ,r( ’^ 
durrs as countercurrent distribution. Sc* 


Control. Under the Food. Drug, and ; 

Act. samples of each batch of certain «> ’ | 



hintic"- which ure used clinically inu*t be certified 
f t > r potency and purity. Prior to certification. ih«- v 
be tested by the Food uud Drug Adminislra- 
lion. Other antibiotic must meet the standards of 
t | u . Food and Dm# Administration for new drug*. 
T| U M' tests and standards ensure the safrt\ of the 
d,,ig for human use. 

Antimicrobial activity. In general, inicTuorgnn- 
H tis mav be subdivided into yeasts, molds (fungi). 
Iiarteria. rirkettsiae. and viruses. A largo propor- 
tion of the infectious diseases of animals and man 
i„ caused bv three of these groups, that is, by l>a« tr- 
ua . tickettsiae. and large viruses. It is against these 
groups that the antibiotics are most eflfn ■ 
,j u . Scr Ba< TFKIOI 0(,Y. MkDICM.; 

Ml PM Ml Kh KK'ITMOSlis; VlRI-S. 

Ilaiteriu may be subdivided bv a staining rcac- 
,j 0 „ into two major groups, each comprising a wide 
\ a riel \ of different species. These two groups lt rr 
tin* gram-positive microorganisms and the gram- 
urgativc microorganisms. The gram-posjf i\<> group 
m tut fi mav he further subdivided, bv another 
vuming reaction, into acid-fast ami non-«trid-fj*t 
mu roorganisms. .See \c ut-i am si*i\; (iruv'> 


-i uv 

Pneumococci. streptococci, and ~tuplivl<i< on i ar«- 
.iinunj' the more ninii mil gram-positive organism-, 
wliilr those which cause tvphoid fever and influen- 
• il meningitis are among those classified as gram 
iii’tMtive Tubercle bacilli are the most important 

i. Hl-ijst organisms. 

t ert.un of the antibiotics, for example, penir illin 
\Ui\ bacitracin. are primarily effective against 
;r.m»-positi\e organisms, while olltefs. -o, li as 
•in ptmnv cin, ate more effective against gram neg 
i»;w- and a* id- fast organisms. 

N»rne antibiotics, such as chloranifdienicol and 
Nri.ii u line, are effective against both grant-posh 
tio' jrul gram-negative bacterial *pei ie*: these are 
*!»’U*n of as broad-spectrum antibiotics because of 
‘Heir more extensive antimicrobial spectrum. It is 
■He liroad-spertrum group of antibiotics width has 
'nitv against certain of the rickettsiac and large 
nrtp.es 

leu antibiotics active against pathogenic fungi 
fun* liren isolated to date. None is effective against 
'null \inises. such as the virus which < suites polio- 
nnrlitis. 

Mod® of action. Antibiotics are bacteriostatic ot 
I'dfierindal in action, that is. thev either inhibit 
of or actually destroy susceptible mirroor- 
tsanisinv. The extent to which they may exert hac- 
ini'utatir <>r bactericidal effects depend* upon 
1 1,1 1'unreni ration of antibiotic present, the number 
111 mirnKirganisms against which it must exert its 
**• ailf l various environmental conditions. The 
* Xarl niei ’hanisnt by which the antibiotics inhibit 
rohial growth is not known. It appears, how- 
*' fr ’ lo a universal phenomenon that antibiotics 
,n . rxprl their growth inhibitory effects onlv 
® i; l*ve|y multiplying microbial cells. 
inW, armaC0,08lc actton - To be an effective anti- 
,0u * a K*tit» an antibiotic must be capahle of 
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, x< r bng its growth inhibitory action in vivo against 
t m s|»c*( ific microorganism causing infection, with- 
out simultaneously damaging to any significant de- 
gree the liss,,,^ or organs of the host. It must be 
capable of i caching the site at which the infecting 
microorganism resides within llie body, and it must 
reach that site in sufficient concentration and re- 
main there for a sufficient period of time to permit 
it to exert its effects. 

Antibioties mav be administered parenterallv 
fthat i-. bv inject ion \ . orallv, or topically. When 
administered parenterallv or orally, they mu*! be 
absorbed into the body and transported by the 
blood and extracellular fluids of the bodv lo the 
Hte of the infecting organisms. When adminis- 
tered topicallv. -iieli absorption is rarely possible, 
and the antibiotics then exert their effect only 
against those organisms present at the initial site 
of the antibiotic. 

Effects on disease. A discussion of the effects of 
antibiotics on disea-c in man. animals, and plants 
follows. 

In man. No. all of the infection*, diseases which 
plague mankind must he reported to health officials 
within a cominunitv. It i- difficult, therefore, to es- 
timate the true incidence of manv such illnesses. 
It i*. known, however, that the average duration of 
manv of the infee tioiis diseases has decreased sig- 
nify autlv *imp the introduction of antibiotic ther- 
ap\. and the severitv of certain others has dimin- 
ished rnarkedlv. Mortalitv rate-, moreover, offer 
striking evidence of the effectiveness of these 
agent-. 

Ha* teriul pneumonia, mastoiditis, bacterial en- 
doiarditi-. meningitis. peritonitis, tvphoid finer, 
and certain of the venereal diseases are suscepti- 
ble to treatment v. ith antibiotics. These drugs are 
also effective in pr -w nting complications which of- 
ten follow -mere finesses. even when the original 
illno-- d«»es n*»t respond to antibiotic therapv. 

Table 2 illustrates the marked fall in death rates 
from • ertain diseases, as estimated by the National 
Office of Vital Statistic* for the vears 1943 1935. 
The most striking decreases in mortalitv are appar- 
ent for those infection- that are caused hv bacteria 
onlv. Pneumonia, which mav be either bacterial or 
viral in origin, shows only a decrease from 32.4 to 
25.R per 100 000 population. Yet it is known that 
the decrease in death rate for lobar pneumonia. 
s- *vificallv caused bv pneumococci, is far greater 
than these figures would indicate. 

Credit for better health, longer life, and dimin- 
ished mortalitv rates must he given to a variety of 
factors. Improved sanitation, immunization pro- 
grams. and better nutrition have combined with 
advances in drug therapv to achieve the results 
noted. The va«t majority of deaths today mav he 
attributed to the aging and birth processes, rather 
than to infection* or contagions for which antibi- 
otic* might be expec ted to offer effective therapy. 

In animats. Antibiotics are widely used as feed 
supplements for growth stimulation in livestock 
and poultry. In such instance*, the amount of anti- 
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Table 1. Spectrum of activity of antibiotics and other antimicrobial agents 
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Table 2. Decline In deaths; death rates per 100.000 estimated midyear population 1 


1946 
fieiWHl 
dulri- 
hut ion of 

peiiieilliti 19411 

I94S nn«l intm- 194? Inlrudur- 

Introdiic*' duel ion (i«n«rnl lion of 

tion of of ilre|H riietri- Hret 1952 

pcim-iUiri tom y tin hot ion of l wood' Inlnidue- 

in ho»- in htMH etrepto- •|MU'tnim tion of 
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1943 

19*14 

pilule 

pilule 

myrin 

eiiLihiol Ic 

1949 

1950 
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ur,r, 

IHirmiMMiiM 

46.1 

41.2 

37.2 

32 4 

32 0 

29 8 

26 9 

26 9 

26 9 

26 1 

27 0 

23 8 

2:» h 

Tuhetvultwui 

408 

39 6 

38 3 

34 9 

32.1 

28 8 

26 3 

22 5 

20.1 

15.8 

12.3 

10 2 

•» 
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16 1 

16 4 

96 

7 9 

6.7 

4 3 

3 1 

4.4 

45 

3 6 

6 0 

» 7 

1 7 

Syphilis 

90 

84 

7.9 

6.9 

66 

5 9 
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5 0 
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3 0 
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26 
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* From lh« 1* S National Offiw of Vital StatMtira 


biotic employed is Miiall. Higher dosage is used in 
the treatment of specific diseases of a herd, flock, 
or of individual animals. 

In cattle, sheep, and swine, antibiotics are effec- 
tive against such economically important diseases 
as bacterial diarrhea, pneumonia, leptospirosis, 
foot rot. mastitis, and infections of the reproduc- 
tive and urinary tracts. The use of antibiotics for 
dogs and cats closely resembles their use in hu- 
man medical practice. Administration of the anti- 
biotic may be by the oral, parenteral, or topical 
route. 

!n plants . Since the introduction of antibiotics, 
one bacterial disease after another has been 
rooted out of infected plants. Antibiotic prepara- 
tions can stop the bacterial spot of tomatoes and 
peppers, blast of stone fruits, wildfire of tobacco, 
seedpiece decay and blackleg of potatoes, and bac- 
terial wilt of chrysanthemums* Approximately 30.- 
000 important plant diseases exist, however, and 
in 1958 crop losses in the United States still totaled 
over $2,500,000,000 a year. Fungi are the cause of 
the rust and smut diseases of grain, the scab and 
wilt diseases of fruits, the blights and wilts of 
vegetables and ornamentals, and the root rots of 
many crops. There are many materials, organic and 
inorganic, being used today as fungicides, hut 
nearly all remain ineffective except at high concen- 
trations. Many of them are detrimental, moreover, 
to plants and fruit. .See Plant disf.asf.. 

Antibiotics not used clinically. Only those anti- 
biotics whose antimicrobial activity is sufficiently 
great, and whose toxicity is sufficiently low to per- 
mit their use on a widespread basis have reached 
a stage of clinical usefulness. With the introduc- 
tion of each new antibiotic, the number of uncon- 
trollable infections has diminished, and competi- 
tion between antibiotics has increased. In order to 
have a new antibiotic put into general use, it is not 
enough for it to be effective and safe; it must be 
more effective than those already available; it 
must fill a need that is not filled by those drugs 
already available. Thus, numerous antibiotics are 
discovered each year which never reach the shelf 
of the pharmacist. Among these may be listed syn- 
nematin. a form of penicillin, low in toxicity, but 


sufficiently unstable to make production on a large 
scale difficult; antibiotic XG. which hemoKxes ml 
blood cells; streptothricin. whose tnxicitv likes is 1 
prevents its use clinic-ally; eumycin. gramicidin, 
pvocyanin. actinoimcin, aspergillin, flavirin, glm- 
toxin. notatin. patulin. and many others. 

Agents used as disinfectants, plant sprat'. and 
feed supplements must he harmless to tlm-e \u\- 
ing contact with them. Thus, the potential for 
agents unsuitable for therapeutic- use is limited. 

! c..ut. i 

Bibliography ; Food , Drug, and Cosmetic Ait. 
Section 505. S 146.1. as revised April 0. 1 1 )37 
f. Gold'ton (ed.l. The Impart of the Antibiotic 
on Medicine and Society . N.Y. Acad. Med. Mono- 
graph 2. 1958; L). Grove aivjJ W. A. Randall. 
Methods of Antibiotics , A Laboratory Manual . 
Antibiotics Monograph 2, 1955; S. A. Wak'inan. 
Microbial Antagonisms and Antibiotic Substarues. 
2d ed.. 1947; H. Welch. Principles and P radii v oi 
Antibiotic Therapy , 1954. 

Antibody 

A protein found principally in blood serum, and 
characterized by a specific reactivity with the cm- 
responding antigen. Antibodies are important in 
resistance against disease, in allergy, and in blond 
transfusions, and can be utilized in laboratory 
tests for the detection of antigens or the estima- 
tion of the immunity 'talus. Antibodies are nor- 
mally absent at birth unless derived pa*si\cd\ 
from the mother through the placenta or colostrum. 
In time, certain antibodies appear in response *" 
environmental antigens, although the inducer' ha** 
not been determined for afi normal antibodies l| ar 
tieularly the human bl«f»d-groiip isoagghit> n,nv 
Antibodies are also induced by artificial imnnun 
zation with vaccines, or following natural in n 
Irons. The resulting antibody level declines <»y r •* 
period of months, but is fapidly increased fol 
ing renewed contact with specific antigen- p ' * 11 
after a lapse of years. This is known as an 
ncstic or booster response. See Aniickn; l |CM 

groups; Hypersensitivity; Isoantigkn- ^ 

Antil>ody reactivity result* in precipitation 
soluble antigens, agglutination of particular a 





Bacillus polymyxa , polymyxin. 


^eplomyces hoisted ii, carbomycin. Streptomyces albus, ^rtinomycetin. 


Streptomyces fradiae, 
neomycin (extreme right). 
Strvptomycts rimosus, 
oxytetracycline (Terrogiycln). 


^9oniimi and the antibiotics they 
chrysogenum (mold) 
* on p 0 t to-dextrose agar; all 
oocteri . grown on Pridham's 
r;^ (Chat. Pfix*r and 


Streptomyces antibioticus, 
oleandomycin (Motromycin). 




^ns, increased phagocytosis of baeteria, neutrali- 
/a tion of toxins, and dissolution of bacterial or 
other cells specifically sensitive to their action; 
the antibodies so revealed are termed precipitin^, 
at* pint in ins, opsonins, antitoxins, and lysins. One 
jntilmdy may give many such reactions, depend- 
ing on conditions, so these classifications are not 
aniline or exclusive. 

\n antibody reacts best with its inciting onti- 
jjimi. and less well, or not at all. with antigens of 
remoter structures. Antibody production is a com- 
plex physiological response, and several groups of 
antibodies which differ in electrophoretic mobility 
,,r sedimentation constant and associated inolem- 
Icr weight may occur in a serum. 


Antibody globulin properties 
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smini dilution or liter at which a specified reaetiv- 
in reaches a threshold value or. absolutely as 
milligrams <»r mierograms of protein per milliliter 
of «crurn. Antibody synthesis occurs in lvrnph 
nudes, spleen, and bone marrow, and perhaps cl>c 
wline. Though the subject is under investigation 
({Hailed knowledge remains obscure. >V< * Accm- 
iimm Antitoxin ; Lymph nook; Lysin'; Nku- 
iihi.i/ing antibody; Opsonin; Pkkupitin. 

j II. 1\ THtU ms l 

Hihlio#ruph\ : K. C. Franklin. The iimnnnoglob- 
:ilm* their structure and function, in P. Kalins 
and H. H. Waksnian fed*, f, Progr. All* rgv, K:.n 8 
1U». 1%4; [), S. Fischer, Theories of antilrndv 
l^rmation; A review. Yah J . Hiol. Mni. .AT : 1 30, 
I%k 

Anticline 

^ fold in layered rocks in which the strata are 
"“lined down and away from the axes. The sim- 
pl‘M anticlines are symmetrical, but in more highly 
‘le formed regions they may be asymmetrical, over- 
,lir ncd. or recumbent. Most anticlines are elongate 
"iib axes that plunge toward the extremities of the 
f'M. but some have no distinct trend; the latter 
flr( ‘ called domes. Generally, the stratigraphically 
°I j, t rocks are found toward the center of curva- 
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I * re °V an an ^ c ^ ne * but >n more complex struc- 
tures these simple relations need not hold. Un- 
, s,, ‘ b circumstances, it is sometimes convenient 

to rr cognize two types of anticline. Stratigraphic 
anticlines are those folds, regardless of their ob- 
served forms, that are inferred from stratigraphic 
information to have been anticlines originally. 
.Structural anticlines are those that have forms of 
anticlines, regardless of their original form. See 
h,L,) mild systems ; Syncijne. 

[ P. II. OSBKRC] 

Antiferromagnetism 

A property possessed by some metals, alloys, and 
sa,N of transition elements in which the atomic 
magnetic moments, at sufficiently low temperatures, 
orrn an ordered array which alternates or spirals 
410 a< * u * R J ’ ve no net total moment in zero applied 
magnetic field. Figure 1 shows the simple anti- 
parallel airangnnent of manganese moments at 
temperature*, below 72°K in the unit cell of man- 
ganesr fioinide (MnF.l. The most direct way of 
detecting h h arrangements i« by means of neu- 
tron diffraction isre Neutron diffraction). 



Fig. 1. Antifer. ^magnetism in manganese fluoride. 
Only manganese atoms are shown. 

N6el temperature. This is the transition tem- 
perature I L. Neel, 1932) below which the spon- 
taneous antiparallel magnetic ordering takes 
place. A plot of the magnetic susceptibility of a 
tvpical antiferromagnetic powder sample versus 
temperature is shown in Fig. 2. Below the Neel 
point, which characterized by the sharp kink in 
the susceptibility, the spontaneous ordering op- 
poses the normal t* * dcncy of the magnetic mo- 
ments to align parallel to the applied field. Above 
the Neel point, the substance is paramagnetic, and 
the susceptibility \ obeys the Curie-Weiss law: 

x = C/(T 4- 0) (1) 

with a negative paramagnetic Curie temperature 
-0. The Neel temperature is similar to the Curie 
temperature in ferromagnetism. See Curie tem- 
perature. magnetic; Curie-Weiss law; Suscep- 
tibility, MAGNETIC. 

The cooperative transition that characterises an* 
tiferromagnetism is thought to result from an inter* 
action energy V of the form 
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Fig. 2. Magnetic susceptibility of powdered manga- 
nese oxide. (After H. Bizette, C. F. Squire , and B. Tsai, 
1938) 


U = (2) 

where S, and S, are the spin angular momentum 
vectors associated with the magnetic moments of 
neighbor atoms i and /, and J , i* an interaction con- 
stant which probably arises from the superev 
ehange coupling discussed later, although formallv 
Eq. (2) is identical to the Heisenberg exchange 
energy (sec Ferromagnetism). If all J ti are posi- 
tive. the lowest energy is achieved with all S, and 
S ; - parallel, that is. coupled ferromagnetically. 
Negative J tj between nearest-neighbor pairs (i.j) 
may lead to simple antiparallel arrays as in Fig. 1 : 
if the distant neighbors also have sizeable negative 
a spiral array may have lowest total energy. 

A simple lattice like MnF 2 (Fig. 1 ) can be di- 
vided into sublattice 1, containing all corner atoms, 
and sublattice 2. containing all body-centered 
atoms. Nearest-neighbor interactions connect 
atoms on different sublattices. On the average, the 
interaction may be replaced by a single antiparallel 
coupling between the total magnetizations Mi and 
Mz of the two sublattices. Each sublattice acts as if 
it were in a large internal magnetic field (Weiss 
field) proportional to the negative magnetization of 
the other sublattice. This elementary approach was 
first given by Neel in 1932 and is analogous to the 
Weiss molecular field theory of ferromagnetism. A 
variety of more exact treatments of Eq. (2) have 
been made, but the basic features of antiferromag- 
netism appear in this simple model. 

At high temperatures, the sublattice magnetiza- 
tions obey the Curie law : 

Aft - <C'/D(Ho-\M*) n v 

Af*- (C'/D(ffo-XAfi) W 

where C' is the Curie constant for a sublattice, Ho 
is an applied external field, and --A is the pro- 
portionality constant of the internal Weiss field. 
From Eq. (3), it follows that 


X - (Mi + M*)/Ho « 2 (C/T )/\1 + A(Cyr) , 

(4) 

which fits the Curie-Weiss law, Eq. (1 ), with 

C - 2 C 0 - C'A ( 5) 

The condition that M\ and M> can have fi n j tp 
values in the absence of Ho (condition of spnntam- 
ous sublattice magnetization) is that the determi- 
nant of the coefficients of M\ and Af 2 in Eq. (3) 
vanishes, which is satisfied at a temperature 

T\ “ C A = 0 ((,) 

This is the Neel temperature. Equation (3) 
only for T ^ Tv ; the Curie law takes a mori? com- 
plicated form for T < 7\-. In this latter region, the 
sublattice magnetization varies with temperate 
essentially in the same manner as does the nmgim. 
fixation of ferromagnetism. 

The preceding theory predicts 0 T\ ~ 1; th»» 
experimental value* (see table) range flora ti." 


Some representative antiferromagnets 








Nri»l temp , 

< airio it'iiip , 

Subtitanre 

r.r>stal t v | 

/ \ in °K 

0 in ‘ K 

MnF* 

Untile 

-•* 

f!0 

Mn<) 

Nad 

\22 

Mi) 

FV< ) 

NhC.I 

M)H 

".Til 

KM 11 F, 

|Vro\ skih* 

mi 

r>« 

CuCI.-2lljO 

< irthurlioiuliii' 

t.:i 

i * 

CrSli 

\»\s 

7 J:* 

"0 

<>t<h 

\M». 

:iot 

liCi 

ZnFc O i 

Spinel 

0 


Mn() 2 

Motile 

lit (spiral) 


l)y 

hep 

1 1 spiral* 

') 


• Spiral botKccn ITT* and ttr». frrroniii^n>'t Iwdow B'» 


to 5. P. W. Anderson ascribes this disagreement to 
the o\er*itnplified two-sublattice nuclei. \nd«r 
son’s multi-sublatrirc theory not only account* f*»r 
0 /T \ > 1. but also predicts a \ariet> of magm*ti< 
ordering arrangements, many of which have hem 
confirmed by neutron diffraction. For example, th^ 



Fig. 3 . Antiferromagnetism in manganese oxide. Onh 
manganese atoms are shown. 
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irangement in MnO is shown in Fig. 3; the mag- 
pie moments are all parallel in alternating plane-. 
Superexchange. This i- an effertive coupling be- 
neen magnetic spins which i- indirectly routed 
id nonmagnetic atoms in salts and probably \ia 
•induction electrons in metals. Consider the o\v- 
:<*n atom at the position labeled X in Fig. 3. The 
luce dumbbell-shaped electronic wa\e functions 
,f the oxygen will each overlap a pair of manga- 
nic iitoni- (Fig. 4). Along an> one of thr-e dumb- 
,i*|ls. the ground state i- Mil () Mil and the 
•w'flap mixes in the excited states Mn O Mir and 
dn O Mn'. in whhh an electron “hops" from o\\- 
:»*n to manganese* The electron hops mure ea-ilv 
! its magnetic moment is antiparallel to the man- 
idiicse magnetic moment. Detailed consideration 
Ih ns - that there is an indirect tendency. from this 
iin liani-m, for the magnetic moments of the two 
lunganesr ions to he antiparallel: this can he ev- 
tressed b\ an energy of the form / S. • S, with 
icg.it i\e J, r This coupling aligns the moments of 
I’cuml-ncighhor manganese in an antiparallel ar- 
n. as in Fig. 3. Fir-1 neighbor- aie coupled bv 
iight-angled” superexchange from .--like bonding, 
fhis is prohahlv comparable to the second- neighbor 
"Hiding in MnO hut doe- not affet t the ordering, 
''rimarilv heeause it is geometrically impossible for 
ill fir-t neighbors to he antiparallel to one another. 

hi metal- the conduction electron- mas pla> the 
‘Hopping** role ascribed above to 0 electrons, or 
die antiferromagnetism may he related to periodic 
magnetic order in the electron encrg\ hands. 

Magnetic anisotropy. The magnetic moments 
•ire known to have preferred directions; these are 
diown in Figs. 1 and 3. In MnO. it is not known 
exactly in which direction the moments point, ex- 
n ‘pt that it is some direction in the (1111 planes. 
Anisotropic effects come from magnetic dipole 
Haves (predominant in MnFj and in MnO) and 
a l s ‘» from spin-orbit coupling combined with super- 
^'hange. Some nearly anti parallel arrays, such as 
0 lf show a slight bending (called canting) and 
exhibit weak ferromagnetism. The anisotropy af- 
ts the susceptibility of powder samples and is of 
r\tri*m#» importance in antifcrroinagnetic reso- 
na nce (see Magnetic resonance). 

f E. ABRAHAMS; K. KF.FFElt] 

bibliography : C. Kittel, Introduction to Solid 
hatr Physics, 2d ed., 1956; G. T. Rado and H. Suhl 
^ s -l* Magnetism , 3 vula.* 1963-1964. 


Antifreeze mixture 

An antifreeze is a substance which is added to a 
iquid to lower its freezing point. Common usage 
limits the term to materials added to water in the 
cooling systems of internal combustion engines. 
However, it can also include mixtures such as re- 
frigeration brines, snow melting and deicing 
agents, aqueous hydraulic fluids, and heat-transfer 
fluids. 

I he major criteria for satisfactory antifreeze 
substances are: (I) sufficient miscibility with the 
-oh ml to lower freezing point; (2) boiling point* 
somewhat above maximum operating temperatures 
of the system in which it is used: (3) low viscos- 
ity: l 4) high degree of chemical stability ; (5) low 
electi ical conductivity ; (6) good heat-transfer 

properties: and (7) inertness toward materials of 
construction in the -y«tem used. 

Free/ing-poinf lowering follows Raoult*s law - 
il i- proportional to the number of molecules of 
solute per unit of solvent. Therefore. 46 g (1 mole) 
of rnethvl alcohol will depress the freezing point 
of 1000 g of vater the same extent (1.86°C) as will 
342 g ( 1 mole ) of sugar. 

The principal automotive antifreeze materials 
are methvl and ethvl alcohols and ethylene glycol, 
l-opiopv] alcohol and diethylene and propylene 
glycols are al-o u-ed to a limited extent. The graph 
shows the relationship between freezing point and 
volume percentage of several common antifreeze 
compound-. 

Because of the numerous metals in an automo- 
tive cooling -y stern least iron, steel, brass, copper, 
-older, aluminum ). commercial antifreeze mix- 
tures also contain corrosion inhibitors. Typical in- 
hibitors are borates, pho-phate.-. nitrites, and thia- 
zole-. Frequently, an antifoam agent is also added, 
-uch as silicon* * and organic phosphates. F.lectro- 
lvtes (inorganic salts), although highly effective. 



Relation of concentration to freezing point for solu- 
tions of antifreeze base materials. (From U.S, Not. Bur. 
Standards C ire. 576, 1956) 
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are undesirable for most uses because of their cor- 
rosivity and electrical conductivity. 

Glycol antifreeze solutions are used sometimes 
in sidewalk and driveway snow-melting systems in 
which the heated liquid is circulated through bur- 
ied pipes. Radiant-heating and some air-heating 
systems also use these antifreeze solutions. Special 
antifreeze formulas containing vapor-phase corro- 
sion inhibitors and lubricant additives* have been 
used for less flammable bvdruulic fluids where 
some danger of fire exists. Most windshield wiper 
fluids are solutions of ethanol, methanol, and 
isopropyl alcohol. Brines for refrigeration of food 
or making ice are solutions of calcium chloride or 
propylene glycol. The water content of these solu- 
tions is determined by the lowest temperature en- 
countered. See Engine cooling; Inhibitor (chem- 
ical): Refrigeration : Solution, [k. f. harford! 

Bibliography*. F. I,. Howard, D. B. Brooks, and 
R. E. Streets. Automotive Antifreezes , I ! .S. Nat. 
Bur. Standards Circ. 57ft. 1956. 

Antigen 

A substance that initiates and mediates the forma- 
tion of the corresponding immune body, termed 
antibody. Antigens can al*n react with formed anti- 
bodies in a number of ways. Antigen-antibody re- 
actions serve a« host defen*p* again*! microor- 
ganisms and other foreign bodies, or are used in 
laboratory tests fur detecting the presence of either 
antigen or antibody. See Antigen- antibody reac- 
tion. 

Antigens must be of a minimum molecular 
weight, for example glucagon, mol. wt. 3600. or 
they would be excreted too rapid!) or would other- 
wise he unable to form antibody. No upper lijntt of 
molecular weight is evident, since large viruses are 
active antigens. Antigens may be introduced into an 
animal by ingestion, inhalation, sometimes by con- 
tact with skin, or more regularly by injection into 
the blood stream, skin, peritoneum, or other part* 
of the body. 

With a few exceptions, such as the autoantigens 
and the isoantigens of the blood groups, antigens 
produce antibody only in species other than the 
ones from which they are derived. All complete 
proteins are antigenic, as are many bacterial and 
other polysaccharides. The antigenicity (ability to 
produce antibodies) of nucleic acids is less well 
established, and that of lipids is open fn question. 
Antigenicity may be modified or abolished by 
chemical treatments, including degradation or en- 
zymatic digestion; it may be notably increased by 
the incorporation of antigen into oils or other ad- 
juvants. See Blood croups; Isoantigen. 

Since antigens are complex molecules, the anti- 
body response to them may also be complex, con- 
sisting of a mixture of antibodies, each of which 
corresponds to only a portion of the original anti- 
gen surface (antigenic mosaic). If the antigen is 
not a single molecular species but, as in the case of 
whole microorganisms, is itself a mixture of sepa- 
rate antigens, these complications are multiplied 
accordingly. Animal or microbial species contain 


many structural or functional components. Mlc h 
egg proteins, hemoglobins, or enzymes, that dif. 
fer only slightly in chemical structure from the ror 
responding components of a closely related spfvjr-. 
Thus, an egg protein from the domestic chicly 
will react substantially, although not fully. W it|, 
antibody to duck-egg protein. The antibody r<» d , l( \ 
protein is produced by injection of that protrj,, 
into a laboratory animal such as the rabbit. TIh-m* 
similarities and differences in antigenic u« 
are known as cross-reactions, and may be u*n| lh 
ascertain the degree* of zoological relationship „j 
the species furnishing the antigens. 

Bacteria, viruses, protozoa, and other microor- 
ganisms are important sources of antigens. The*r 
may be protein* or polysaccharides deri\ct] f rilII , 
the outer surfaces of the cell (capsular antigen - 1 
from the cell interior (the somatic or O antigen*) 
or from the flagella (the flagellar or If antigen* i. 
Grain-negative bacteria ulso contain the Vi antigen 
believed by some investigators to be associated with 
virulence, and the Boivin antigens, which cont.un 
polysaccharide, lipid, and protein. Srr Vikitixm 

Other antigen* are either excreted hv the « ell *. r 
are released into the medium on cell death jml 
disruption: these include manv enzyme* and !■» 
in*, of which diphtheria, tetanus, and Imtnlm^ 
toxin* are important example*. The pre*en< e h 
antihodv to one of these constituent antigen* in 
human or animal sera i* presumptive e\idm.»- 
past or present contact with specific rnicrnoriMii 
i*m*. and this finds application in clinical and ejn 
demiological diagnosis. Sec Botru*M: I >i m i ii i 
ria ; Tetanus; Toxin, . 

Microbial antigen*, prepared lo induce pr».i»*- 
live antibodies, are often termed vaccine* <»r liu> 
logical*. Thev mav consist of either attenuated li*. 
ing. or killed whole cell*, or extract* of these. >in « 
whole microorganisms are complex structure-. \ ■ 
cines may contain 10 or more di*linct antigen* <•( 
which generally not more than one or two engrudci 
a protective antibody. Example* of these are *ni all 
pox vaccine, a living, attenuated vim*; tvphoid 
cine, killed bacterial cells; and diphtheria t<i\<»iil 
detoxified culture fluid. Several independent 
cine* may be mixed to give a combined van ine. and 
thus reduce the number of injection* nere**ar\ !»' 
immunization. 

Haptens, or baptenes are partial antigen- that 
can inhibit and often react visibly with antiWic* 
formed by complete antigens, but cannot ihrm- 
nelves engender the formation of new antibodies 
They are usually simple jfnolertiles. such a* degrade 
lion products of complete antigens. Some hapten- 
may be converted to eonfplete antigens by combine 
lion with a protein carrier, whose specificity tn n 
then modify. 

Allergens are antigen* that induce allergic *tat< 
in humans or animals. Examples are preparation 
from poison ivy. cotton* seed, or horse dandet . ^ 
simple chemicals such as formaldehyde or P ,<r ' 
chloride. See Biolocicals; Heterophil* 
gen; Hypersensitivity; Immunity; 1mm« n0 . 

OGY. H- TREFKKB 



Antigen-antibody reaction 

Antigens and antibodies are generally defined op- 
erationally > n tcrms °f their mutual interactions. 
a |1 of which are utilized in practical laboratory 
procedures. Thus, when a soluble antigen combines 
in certain ratios with its corresponding antibody, a 
visible precipitate may be formed. This is known 
a «% a precipitin reaction. The reaction may be ef- 
fected by mixing the reagents in a tube, or the 
antigen may be layered over the serum and the pie- 
cipitate form9 as an interfacial ring in the ring 
test, or the reactants may diffuse into each other on 
agar plates as in agar-gel reactions. Incomplete an- 
tigen may be detected by its ability to combine 
with antibody, and thus to block a secondary, vi«*i- 
)j|e reaction with complete antigen, as in the inhibi- 
tion test. See Antibouy : Antigkn. 

Antigen-antibody reactions may be carried out in 
vivo, a- in skin tests, neutralization tests, protection 
UMs. and the allergic reactions, including anuphv- 
la<tic tests. Representative in vivo, that is. human 
or animal, antigen-antibody reactions are shown in 
Table 1. 

For certain laboratory tests, partii ulate antigens 
micIi as microbial cells or erythrocytes (red blood 
<f‘lN) may be ^onudered us soluble antigens an- 
rhmed to the surface of inert particles, since the 
Mime activities are exhibited by proteins nr polv- 
Micrltai ide antigens adsorbed to collodion particles 
<.r specially treated red cells. In the presence of 
-pei ific antibody, these particulate antigens clump 
\mI)I\. as in the agglutination reaction. When the 
eivthrorytes are coated with untihodv. tliev are 
inn-ideied to be sensitized. In this state and in the 
presence of complement, a heat-labile complex in 
Irfsh >crum. the sensitized ervthrocvtes will lyse 
with the release of hemoglobin. This j* known as a 
hemolytic reaction. Many antigen-ant ibodv reac- 
tions bind complement. This phenomenon is de- 
tected through secondary hemolytic tests known as 
'(implement-fixation reactions: the procedure is 
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Table 2. Representative in vitro antigen-antibody 
reactions* 


It diction 

Antigen 

Procedure 

Result 

Precipitin 

Clear poly- 
succharide 
or protein 
solution 

Mix 

Clouding; 
visitile floc- 
culation 

King test 

Same as 
alsivc 

Layer anti- 
gen solu- 
tion over 
scrum 

Ring of pre- 
cipitate at 
interface 

Altar gel 

Same as 
a l>o vc 

Antigen and 
antibody 
diffuse 
through 
ngnr layer 

Line or ring 
of precipi- 
tate 

Complement 

Same as 

Mix in pres- 

No lysis of 

fixation 

above 

ence of 
guinea pig 
scrum ns 
comple- 
ment: then 
add indi- 
cator sys- 
tem- — sensi- 
tized sheep 
red cells 

celts indi- 
cates lack 
of free com- 
plement as 
a result of 
antigen- 
anti body 
combina- 
tion 

Lytic 

Suspension 
of bacteria 
or red cells 

Mix in pres- 
ence of 
guinea pig 
serum as 
comple- 
ment. 

Lysis of 
cells 

Agglutination 

Same as 
above 

Mix 

Clumping of 
suspended 
particles 

Agglutination 

Soluble test 

Particulate 

No clumping 

inhibition 

antigen 
first mixed 
with serum 

antigen 
then added 

(antibody 

already 

neutral- 

ized) 

Pfiagocy lie 

Suspension 
of bacteria 

Mix with 
white blood 
cells (aided 
usually 
with com- 
plement) 

Ingestion of 
bacteria by 
white blood 
cells (mi- 
croscopic 
observa- 
tion) 

• Antibody 

sources for ear 

h contained in 

serum. 


Table 1. Representative in vivo antigen-antibody reactions 


Hem lion 

'.Schick lest as 
example; 

^K'phylnctic 

^vutrulizalion 

Protection 

flayed allergic 
Hulierculin tout as 
Sample) 


Antigen 

Diphtheria toxin 


Soluble poly sac- 
elmrido or 
protein 


- Toxin or virus 


fJving microbial 
culture 
Tuberculin 
preparation 


A 1 1 1 i 1 x »« Jy source 

Circulating anti- 
IhkI y in serum 


Same a? l»ove 


Same ns uhove 


Serum in immu- 
nized animal 
Oil-bound anti- 
bodies 


Procedure 

Inject toxin intra- 
dermally 


Antigen injected 
into intact ani- 
mal or placed in 
contact with iso- 
lated uterus 

Mix antigen and 
serum in tul>e, 
then inject into 
animal 
Infect animal 
with culture 
Inject 0.1 ml 
intradcrmally 


Result 

Localized edema 
after 18 hr if in- 
suflicieiit anti- 
liody present 
If unt.i!>ody pres- 
ent, anaphylactic 
shock with (1) se- 
vere symptoms 
or death, or (2) 
uterine contraction 
Antibody neu- 
tralizes patho- 
logic effect on 
animal 

Immune animal 
tolerates infection 
Redness and 
swelling after 36 - 
48 hr denotes al- 
lergy to tuberculin 
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widely employed in diagnosis of syphilis. Repre- 
sentative in vitro or test tube antigen-antibody re- 
actions are shown in brief in Table 2. See Aggm'TI- 
NATION REACTION : Af.GLUTININ ; ANTITOXIN; COM- 
PLEMENT (SERUM); CoMPLKMK NT-FIXA TfON TEST ; 

Lysin; Lytic reaction; \f.i trali/ation reac- 
tion (antibody); Nf.itrai.i/ing antibody; Op- 
sonin: Phagocytosis; Precipitin; Precipitin 
test; Skin test; Toxin, bacterial; Toxin- 
antitoxin REACTION. III. P. TREFFERS | 

Bibliography: J. F. Ackro>d led.), hnnutnologi - 
ral Methods, 1064; E. A. Kabat and M. M. Maver, 
Experimental Immunochemisti v. 2d ed., 1%1: 
P. C. II. Cell and R. R. A. (!«M>mb* (infs.). Clinical 
Aspects of Immunology, 1%3. 

Antigravity 

The repulsion of one body by another hy means of 
a gravitational tvpe of force. Neithrt Newton’* nor 
Einstein's theory of gravitation excludes the ex- 
istence of negative masses. Such masses would re- 
pel ordinary (positive) masses. The notion of anti- 
gravity is based on speculation* concerning 
negative ma>-es. As of 1%0. no observational evi- 
dence to support such speculations had been re- 
ported. For an extended discussion of ihe concept 
of negative nia**. see Rfl ativiiy. See also Grvm- 
tation ; Gravity. 

Antigravitv should not be confuted with artificial 
gravity. The latter term denotes the erntrifugal 
force which may he used to simulate gravity in 
manned rocket** and space stations. ! n. iikoi yver ! 

Antihistamines 

Drugs that combat the effects of alleged histamine 
release following tissue damage. These drugs.mav 
lie effective in certain allergies and h\ per*ensitiv- 
ity reactions but give onlv symptomatic relief since 
the reaction will continue, even though suppressed, 
as long as the inciting agent is present. .See Hista- 
mine; Hypersknmtiwiy. 

Undesirable side effects of the antihistamines 
varv considerably from one compound to another 
and according to individual patients as well. Drow- 
siness, dizzine**. dryness of the mouth, nausea, 
gastrointestinal di-turbances, and muscular weak- 
ness are not uncommon. Research for newer anti- 
histamines without these effects has been fruitful. 

Some antihistamines may he applied locally in 
solutions, spray, or cream form while rfthers are 
taken orally or by injection. 

Diphenhydramine hydrochloride (Benadryl) w 
representative of the antihistamines that exert a 
moderate anti*pa«modir effect on smooth muscle, 
particularly of the lungs. This property, in addi- 
tion to the primary effect, makes such compounds 
useful in the treatment of bronchial asthma. 

Dramamine is representative of the preparations 
that have an antimotion effect and is used for car-, 
sea-, and airsickness. 

Ncoantergan and Pyribenzamine are but two of 
the multitude of antihistamines used for general 
relief of allergic symptoms. Similar preparations 


have been incorporated into the so-called “cold tab 
lets” or combined with antibiotic agents and oth<. r 
medicinal?. 

When properly used on an individual drug and 
patient basis, the antihistamines are frequently 
dramatically effective. However, individual rf . ap> 
lions and idiosyncrasies and the variable nature of 
the disorders treated militate against their indis 
criminate or utireguluted use. | e. g. sii u ( , 

Antiknock agents 

Substances added to most finished motor and o.ia 
lion gasolines to increase the resistance of th*. f lu .j 
to knock in spark-ignited gasoline engines. 

Knock is a spontaneous or rapid ignition of tf„> 
fuel-air charge in the engine cylinder ahead of tli*. 
uotmal flame front. It is accompanied hv rapid pr**.. 
sure rise and b> pressure fluctuations which mav 
injurious to the engine. It occurs more fretpmith 
in engines of higher compression ratios that km- 
been designed to increase thermal efficient v. Tin 
elimination or reduction of knock has primiuol 
the use of these more efficient engines. 

The antiknock quality of a fuel is determin'd 
primarily hv its hvdrotaihon composition, but it 
tan he increased h\ the addition of antiknoik 
agents. These tnav he organic chemicals such ,|. 
aromatic amines or rnelallooi ganic compounds -u. h 
a* tetraetliv Head. Aromatic amines are not iw-d 
commercially because of tlieii higher i"*t. 

Tetiaethvllead (TEI.) i* about 2<l time* :t» efln 
live a? aromatic amines and is u*ed in imi'uiiiN 
averaging 2.0 ml I < »i 2.1 grams of metal* per gal 
Ion. It i* u-uallv cheaper U* u*e TEI to attain .i 
given level of antiknock quality than to change tin- 
chemii al nature of the fuel. \ manganese <<»m 
pound, metln b volopentadieriv I manganese tni .u 
bony I. i- being inlioduced as another metallic anti 
knock agent. Thallium, selenium, and tellurium 
oigamunctallie antikno< h compound* are known 
hut aie not useful. Tricresyl phosphate is n«»w 
i ommen ia II v used to improve engine pet formant. 
Telrarnethvl lead (TMI.f has an effect on engine 
performance comparable to that of I’Ll, ami i- 
finding < ommen ial acceptance. 

All antiknock agents vary widelv in their effi 1 * 
tiveness in different fuels, depending upon c.m 
stittilion of the fuel and the presence of antagoni-i" 
such as sulfur compound*. They are believed to 
function chemically in tlur engine by decomposing 
thermally to metals and oxide* which interrupt 
oxidative chain reaction* leading to the autnigm 
tion mentioned above. v 

Tetraethyllead is used jn gasolines together win 
bromine or with com pounds of chlorine and b r ‘ l ‘ 
mine. Ethylene dichlorid# and ethylene dibronn r 
are commonly used, in Imounts depending »P° n 
the engine service. The gmount* of t»bd 
range from 0.5 to 1.6 tim$s the. amount require ‘ 
combine with the lead. Tjheir chemical function ‘ n 
the engine is to form lead halides which are re* 
lively volatile and are exhausted. This reduce* ^ 
amounts of metal-cuntaining deposits left id 
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engine in order not to interfere with th<> operation 
of H|»ark |iIuk m and valves. .See Comihsi ion knock : 
f^siii.iNF.; Inikitsal stion kuink; 0 < iam. 

M\ 1 HKK; Ow.ANOMM AI.I.H. f'OMPOl mi; Ti.'IIIAI III- 

\ I.I.K At). I W'.i'.L. I 

IlibHographvi J. E. Brown. F. Maiklev. and 
f] vinin Shapiro. Mechanism of aromatic amine a r- 

tioii. IniL Eng, Chrm. m 47 : 2141 . 1 Or*r> ; (,. Fdgni. 
f'trdrthrlh'fiti' in Progress in Petroleum Teehnoh 
(I4?k \d\ anees in Chemistrv Ser. 5 . Aineriran Chem- 
1( ,il Society. 1952 . 

Antimatter 

sj m *e phv»*ieis|s have demonstrated the exi-lnue of 
tlir positron, the antiproton, and the aiitineiitron. 
illicit are re^pei tivelv the antipart icles fchuige- 
«i»n inhale particles) of the eleetron. ihe pin|..n. 
,md the neutron, it is rlear that at least in print i 
pie it b possible to have the charge i on jugate oj 
jnv atom. Sii« 4 i an atom would he (mined in per fret 
.ukiIouv to the ordinarv atom, witli eat h particle 
rrt ,lat ed hv its charge rnntugatc. Nn li atoms vs on Id 
uiiistitiite antimatter. \ n atom of matter and it** 

■ ■Hinterpart of antimatter, if brought in fontait. 
unii hi annihilate eaeli other. ^ii v inji li-e t«» --mesons 
.mil other ftartieles; hut all of ihr-r parti* Irs , r 
alnl would tra^-ft m within tmcrosci omh into 
i ,iv *. and neutrino- whith. having ir-t mas*, oj 
/flu. would of neeessitv move with the velm its « > f 
light. 

\ntimatter out of contact with oidinniv matter 
wtoihl he stable, and then- ha- hern -pei illation 
ihont the pi earner m the cn-mn*. <»f untiwoihl-. in 
wlii'li antimatter prevalent. \~trnriomi< al «»b- 
• iv.iti«in eammt answer thi- question at pre-ent 
^ei \mimi iimv; Xmiviumon; Ki nn.M viiv 
. vkii«i>: INishkon; >vM\ii ttn i vw- ihimim. 

! t i, s. 1 

Vntimere 

d'lr ol the several similar or eipiiv alent part** into 
"hu h a radiallv s\mmetri< al animal mav be di- 
udrd. mh 4 i a** the arms of a starfish. Sometimes 
nit>r«* liroadlv defined a- s\ mmetrn alh equivalent 
P‘»ris including in addition the corresponding right 
•iml left legs as in an insert. cra\fi*h. or land vei- 
u ‘hrate. See A\IM\l SvMMKTRV. j r.l>. j 

Antimicrobial agents 

Oit*m j, a| i-onipitiinil- liiu.MiihrtiralK <>r 
<all\ produeed which either destmv or usefullv 
'iippress the growth or metabolism of a vaiietv 
“I microscopic or submieroscopic forms of life. On 
•lu* luisi;* ( >f iheir primary activitv. lliev are more 
> 'ihrallv railed antihaeterial, antifungal. anti- 
pfitozoal. untiparu<itkv or antiviral agents. Anti* 
Werials whieh destroy are bactericides or grrmi 
diose which merely suppress growth are 
,a|, ierii»*tafic agent*. 

the thousands of antimicrobial agents, onlv a 
J Ir, all number are *afe chemotherapeutic agents, rf- 
,, . , ' ve *n controlling infeet ions diseases in plants. 
an »niaU. and man. A much larger number are used 


Antimicrobial agonti 

Table l. Some common antimicrobial agents 
and their uses 


I N«* 

I *li«*mnl htmjpfMit irs ftiriiiiiul' 
■omI iiiji ii > 

Nuliliai h‘i ijils 


V rit ipiuiisilirs Oiiiui< 
Vniip.ir.tsilM ^ i.afii| ta ; a | , 

XiitifiirtiJMU 

s km ilivintiM | .a f 1 1 s 

W ,*l i f ilisinfcr mis 

\m (ilMIlfi i l,i|l(s 

< I ••.' IMIS (il*>i|||« . (.'Hits 
f'l'illiin^ itixittfiM tants 

Xmin.il irioii (li '.tiiniil.iiiis 
t* <»»w! jirrsf-r v :i f i \ <•<« 


VjIMils 


Sulfonamides, isoriia/.ifi, /e 
•iiiiin«>s.ili( \ tic acid, peril* 
eillin. .slrcpiniii>ciii. tetra- 
cyclines, c-|il« »ra hi phenicol, 
**ry t hrornycin, iiovobiocin. 
neomycin, bacitracin, 
poivn»> xin 

Kiiirtiiir, <|ijiniiH> 

1 1 > ^roniyrin, pfirrjotliiu- 
/ini*. pi pent /.it if* 

< irisi’ofulv in. ii\stulin 
t '.iiptiiri f N-trirhlorotiuo 
tf’liiiliy<iro|iiit hiilimiife , 
mam l> <mam. r aiir*sr «*ih>l 
i*ne liisdit hiin'iirhamiitr i, 
Ihiram Metniim*! iiylthi- 
uriiiii fiisiilfidi*) 

Meolioh. iorJirit*. inerni- 
li.ils. silver eoui|Miu(i(is, 
(piaternarv ammonium 
eoni|K)iimls t neoiriv ein 
t^liiorine, sodium livfKj- 
elilorite 

Propxlcne tf|>r»»l. larlir 
a« ifl. collie acid, levu- 
liruc acid 

l*!t li v l»*fic oxific. d-piopio- 
lai tone. forimild«*h>d<‘ 
Ne«»m\ciu 

I'enii illin. sireptom vein, 
hucilrai in. let rae> clincs, 
h>i:ronivciii 

Sndiiiin hcri/oalc, tetrnry- 
el i lie 


in aliiin-l eveiv pha-e of human aetivitv: in agri- 

< ulluie. food pi e-eiv.it ion. and water, -kin. and air 
li-infeeiion. \ .'oni|iilalion of smne of tin* more 

< ominoii u-e- f« * antimieroliials is shown in Table 1. 

\lnu»s| TiOOO vears before I.. Pasteur (IRTOt 
dearlv eiiiin iated the germ theorv of disease, plant 
ding- were described h> Slien Nung in Pen Tst/o 
i The ( ire<it Herbal L The Khers Papvrus about 
iriOO k.i . p»e-«*rihed the u-e of onions and other 
plants f oi the cure of septic wounds. Through the 
Middle \ ge> tl:. search tor effective antimicrobials 
from plants continued, providing a major stimulus 
for the development of <\«tematic botany. The 
heihals of this time graduallv replaced superstition 
and incantations wii!< |»reeise descriptions of both 
•hr plant and the proper method of its prepara- 
tion for therapeutic use. Three contempoiarv drugs, 
emetine, quinine, and chaulinoogra oil. were used 
as earlv as the seventeenth eenlurv »ts crude ex- 
tracts of the ipecacuanha plant, cinchona hark, 
and Tnrnktogenos kurzii . respectively. During the 
next two centuries the herbal and flora evolved into 
the modern pharmacopoeia. A survey by Osborn 
( pm l <d 2300 species of plants revealed that 440 
species produced antimicrobial agents. 

Louis Pasteur. Hubert Koch. Paul Ehrlich, and 
bird Lister founded modern microbiology during 
the hist three decades of the nineteenth century. 
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Pasteur and J. Joubert (1877) discovered and de- 
scribed the phenomenon of microbial antagonism. 
Pyocyanase was purified from culture filtrates of 
Pseudomonas aeruginosa by R. Emmerich and 
O. Low (1899) and became the first microbial an- 
tagonist to be extensively investigated as a chemo- 
therapeutic agent. Although its action was thought 
to combine antimicrobial and immunizing activities, 
the discovery, isolation, purification, pharmacol- 
ogy, and clinical evaluation of pyocyanase estab- 
lished a pattern of investigation employed with the 
sulfonamides, penicillin, and all subsequently dis- 
covered antimicrobials. 

Lister employed phenols and cresols as surface 
germicides to convert the hospitals of the late nine- 
teenth century from pestbouses into clean, safe 
quarters for surgery and childbirth with a reduced 
hazard from cross infection. His practice is fol- 
lowed today not only in hospitals but in homes, food 
establishments, research laboratories, and wherever 
disinfection is essential to safe techniques. See 
Antiseptic. 

At the turn of the centurv Ehrlic h, from his ob- 
servations on the specific staining reactions of dye* 
upon certain tissue cells, conceived of highlv spe- 
cific dyelike molecules, “magic bullets" whose 
germicidal action would specifically destroy mi- 
crobe* without killing cells of the host. An extension 
of Ehrlich’s approach by C. Domagk led to the 
discovery in 1935 of sulfonamido-crysoidin (Pron- 
tosilj, the first synthetic antimicrobial of broad 
clinical usefulness. J. Trefouel and coworkers 
quickly established that sulfanilamide was the ac- 
tive moiety of the ProntoMl molecule and sulfanil- 
amide was soon modified into a v*rie* of useful 
derivatives, comprising the sulfa drugs, which vary 
in their usefulness and types of side effect*. See 
Chemotherapy; Sixfa drin;.s. 

Erwin Smith (1900) established that plant dis- 
eases were as common as those of animal*. Anti- 
microbial therapy, however, has not been equally 
effective. The synthetic ca plans and manebs are 
most widely used. Antibiotics, although broadly 
tested, have not been so useful in the control of 
plant diseases. 

The most important antimicrobial discovery of 
all time, that of the chemotherapeutic value of pen- 
icillin. was made after hope of developing its clini- 
cal usefulness had been abandoned. As E. Chain 
(1954) recalls this dramatic period: 

“Work on penicillin was begun about one year 
before the war (1938) ; it was thus not stimulated, 
as is so often stated, by wartime demands for new 
and effective methods of treating infected wounds. 
It is perhaps important to emphasize that the deci- 
sion to reinvestigate the properties of penicillin 
was not motivated by the hope of developing the 
clinical application of an antibacterial substance 
which had been shown to have great practical pos- 
sibilities, but for some incomprehensible reasons 
had been overlooked for nine years. . . . The in- 
vestigation was undertaken essentially as a bio- 
chemical problem, with the aim of establishing the 
chemical nature of a natural, vefy unstable, anti- 


Table 2. Types of chemical structures found 
In antimicrobial agent* 


Structural feature vxnnjpluH 


Amino sugar* 

Polyene 

Polypeptide 

Ijfii'tttnt 

Hi a 7.0 

Con ma rin 

Muerolide 

Phenazine 

Tetracyclic 


Pyrrole 
(Jui nonet) 

Thio- 

Alkuloid 
N urleoaidea 
Nitro- 
Acetylenic 
Spina lie 
Tropolone 


Streptomycin, neomycin, kanmiiy. i,, 

Amphotericin H. nystatin, tru i# 

Poly in yxiriH, circulin, colinim, thi«, tll j 

Penicillin 

Azuacrinc, DON 

Novobiocin 

Erythromycin, til i pin, cartxmtyiin 
t >riaeoliitein. ecliinomycin 
Chlortetracycline, oxy tetracycline tH 
racyclinc, uetropmn, gritu-in 
Kradicin. prodiginidii 
Xniithomycin A, cynnovnycin. « 
t reuadn 

Aclithia/ic acid, uureoihririri, r«>|rstin 
tin 

(■riaeomycin 

Psicofiminmc, puromyciri. nt-|.i»Ii., 
Chloramphenicol, u/.omycin 
Myconiyriti. ncmotiiiH 
( •rineofulviiiH. hclvotic acid 
Pulterulic acid. Inctarovinlin 


bacterial product active again*! the staphs lor.,, 

t* 

Otis. 

The subsequent establishment of penicillin , 
nontoxic drug with 200 times the aeli\it\ of -ul 
fanilnmide opened the flood gates of antibiotic u* 
search. In the next 20 vear*. more than a sum- ..i 
new and useful mierobially produced antimii rohiai- 
entered daily use. Approxirnatelv 1000 t*»n<- of ,,nti 
biotics with a market value in e\ie*s of f.'-HMUMi- 
000 i* consumed annually in the I’nited 
alone. See Antibiotic; Pknkii.iin. 

New synthetic antimicrobials are found todav. a- 
thev were in Ehrlich's dav. hv syntheH*. of a wid* 
varietv of compounds, followed by broad s, rmimi: 
against many microorganism*. Riosvnthctic anti 
microbial*, although first found in haiteria. fungi 
and plants, are now being discovered piiuuirib in 
actinomvcetes. 

S. Waksman (1943) was the first to remain/* 
the prolific antibiotic productivity of the actinium 
retes. His rapid discovery of actinomvcin. *tn*pt" 
thricin. streptomycin, and neomycin inspired ih* 
intensive study of this group. Approximate!* three 
quarters of the 700-odd known antibiotics and the 
same fraction of all uaeful antibiotics an* P r "’ 
duced by actinomycetes, which live almost e\«l»i 
sively in the soil. In spite of their soil habitat- a 
striking feature of the actinomvcetes is that t» 
date it has been impossible to demonstrate an* l ,r " 
duction of antibiotics ip the soil under natura. 
growth conditions. .■ , 

Antimicrobial agents Contain variou* fiiMcii**n.i 
groups (Table 2). No particular structura t'P 
seems to favor antimic&hial activity. I he 1 
for correlation of structure with biological a* n '‘ 
goes on, but no rules have yet appeared writn * ^ 
to forecast activity froijri contemplated ptrmM,r 
changes. On the rontrar#. minor modification* | 
lead to unexpected loss of activity. * r ” ‘ t 

Bibliography : E. B. Chain, The developing » 
bacterial chemotherapy, Antibiotics and 
therapy, 4(3) :215-241. 1954; H. W. ‘ 



Antibiotics, 1949; W. S. Spec-tor. Handbook of 
Toxicology, vol. 2, 1957; S. A. Waksman. Microbial 
Antagonisms and Antibiotic Substances , 2d ed.. 
1947. 
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Antimony is quite frequently found associated with 
the ores of lead, copper, and silver. 

Preparation. The free metal is prepared by the 
reduction of antimony (III ) oxide with carbon. 


Antimonate 

The negative radical in salts derived from antimony 
prntoxide. Sb»Oi»», and bases. Most anlimonute* 
contain the ISb(OH)«V ion in spite of the fact 
f j ia i they were called pyro- or meta antimonates by 
analogy with phosphates und arsenates. 'There is 
verv little similarity between the phosphates and 
jntinionates. 

The hypothetical acid. HSh(OH) fl . is not iso- 
lated : instead, a gelatin«»us precipitate of hvdrated 
antimony pentoxide is obtained when antimony 
dilutions are acidified. Sodium salt, NaSbtOHh,. 
h one of the very few insoluble sodium ••alts 
and can he used as a test for the sodium ion. See 
Vmimony; Aksknatk: Phosciiaik. 

( E.k.WK. 1 


sh 4 ()« 4- 6C — * 4Sh f- 6CO 

In another method, antimony (III ) sulfide is first 
roasted in air to give antimony tetroxide 

Sl'A + so 2 ^ Sb 2 <> 4 4 3So 2 
which ih then reduced with carbon. 

Sl> 2 0 4 4- 4C 4 2Sh -f ICO 

A flux of sodium carbonate or sodium sulfate 
used to cover the melt to prevent volatilization of 
the antimony during the reduction process. Still 
another method is the treatment of antimony I III ) 
sulfide directly with iron. 

Sh 2 S ;t f 3Fe 4 2Sb 4- 3FeS 


Antimony 

( liemiciil element number 51. antimony. Sh. has an 
jlmuii weight of 121.76. The chief use fur the free 
metal i- in the picparation of alloys. An interesting 
property of alloys remaining tin. lead, and anti- 
n,on\ i* that they expand slightly during the cool- 
in*: process. Thus, they produce sharp castings and 
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•w valuable for use as printing type metal. I he 
addition of antimony to lead increases the hardness 
"I metal. An important use for this lead-anti- 
ni,, n\ alloy is for lead storage batteries. Other al- 
* ontaining antimony which find numeious u*e* 
■ ,,rr hearing metal, babbitt, pewter, while metal. 
l mrd metal, and Britannia metal. 

The compound* of antimony are not as widely 
a* the alloys. Tartar emetic, potassium anti* 
mr>n >l tartrate, is used for medicinal purposes. 
Antinwiry fill) chloride is used as a caustic in 
m *‘dirin« und also for coloring gun barrels. Red vul- 
'•ini/i*d rubber contains a small quantity of anti* 
ni,| io ( V ) sulfide. 

Occurrence. Antimony occurs in nature in both 
. frpp and the combined states. It is present in 
•unemi* rocks and the earth** crust to the extent of 

' I0 ,r !. The principal ore is stibnite, SbuSj, 
i s found in extensive deposits in China. An* 
^*urce of antimony is senarawntitc. Sb 2 0». 


Antimony is obtained directly by this process. 

Allotropic forms. Tw'o allot ropic forms of ele- 
mental antirnonv are known. a metallic and a yel- 
low mi form. 

The yellow modification is stable only at tem- 
perature* below — 90 J C and is formed w r hen 
stibine. Sbll ., is slowly oxidized hv chlorine or 
bromine. 'This allotropic form has a density of 
5.4 g cur. Very little is known about this allotrope 
«»f antimony. 

The stable form of antimony is the metallic 
modification. It forms brittle, silvery white, rhomho- 
hedral crystals which melt at 630.5°C and have a 
boiling point of 1440 °C The density of the me- 
tallic form is 6.69 g Vml The metallic form is a 
poor conduct**, of electricity, the conductivity be- 
ing 3.76' ; that if silver at 0°C. The vapor den- 
sity at 1600' C . orresponds to a molecular weight 
between those of Sb» and Sb : and is prohahlv a 
mixture which corresponds to the equilibrium. 
Shj ^ 2Sbj. At higher temperature. 2070°C. the 
vapor i* monatomic. 

A third form, explosive antimony, is known, but 
it i* not considered to he an allotropic modification 
because it contains a small amount of anti- 
mony l HI I chloride. This form is prepared by the 
electrolysis of an antimony (III I chloride solution 
in hydrochloric acid using an antimony anode and 
a platinum cathode. When the explosive form is 
-truck or scratched, it reyerts to the metallic form 
with the liberation of 20 calories of heat per 
gram. 

Chemical properties. Metallic antimony is not 
considered to be a very reaetive element. It de- 
composes water only at red heat and is not oxi- 
dized h\ air at room temperature. At elevated tem- 
peratures. however, antimony burns brilliantly in 
air to form antimony (HU oxide. SbtO#}. It com- 
bine* vigorously with fluorine, chlorine, and bro- 
mine at room temperature, but will combine with 
iodine and other nonmetals only if heated. It is solu- 
ble in hot nitric acid, forming hydrated anti- 
mony (V) ide. In hot sulfuric acid, anti- 
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mony(IJI) sulfate is obtained. With strong bases, 
antimonite salts are formed. 

The two main oxidation states of antimony are 
3-f and 54. and most of the compound* are 
covalent. Three oxides of antimony are known, an- 
timony (III) oxide, antimony tetroxide. and anti- 
monv(V) oxide. Antimony (fill oxide. Sb»0«. is 
prepared bv burning the metal in air. It has a 
structure analogous to arsenictlll) oxide, and it 
can be represented bv a dimeric formula. The ox- 
ide is soluble in water to the extent of only 0.002 
g'100 g of water, ft is amphoteric and dissolves in 
both acids and bases. Although it is soluble in 
bases to form antimonites. there is little evidence 
for the existence of antimonous acid, HiSbO;. In- 
stead. on acidification of a solution of a metallic 
antimonite. a precipitate of hydrous antimony (III) 
oxide is obtained. 

Antimony tetroxide is formed in small quantities, 
along with antimony (III) oxide, when the metal 
is burned in air. It \< perhaps best prepared by 
heating antimony (HI) oxide to 300 100° C in air. 
There is some question a* to the structure of the 
oxide. It is usually stated to be SbtShO,) or anti- 
mony(lll) antimonate. containing both 3 f~ and 
54- anlirnnnv. The tetroxide is soluble in base*, 
but nor in acids. 

Antimony (V) oxide. Sb : 0% i* a pale vcllow. 
infusible, insoluble solid prepared by the reaction 
of antimony ( Ilf l oxide with nitric acid. In this re- 
action, gelatinous hvdruted antitnonviV) oxide is 
first formed; this is subsequently dehydrated to 
\ield the oxide. A better method of preparation is 
to treat antimony (V) chloride with water and then 
to dehydrate the resulting hvdrated antimony fV I 
oxide. Although antimony I V ) oxide can be' con- 
sidered to be the anhydride .of antinomic acid. 
H ; ShO|. the free acid does not exist. However, 
antimonate salts are known. .See Antimon atk. 

A* in the oxide*, two series of halogen t om- 
pounds are known for antimony ; those containing 
3-4 and 54 antimon v. The 34- antimony com- 
pound* are formed by the direct combination of 
the metal with fluorine, chlorine, bromine, and io- 
dine. They are all colorless or pole \e||nw colored 
solid* and are soluble in benzene and carbon disul- 
fide. W'ith w r ater. they all react as illustrated bv 
antimony (III) chloride. 

SbCI . f H-O SbOCl 4 2H* 4- 2tl 

The rate of hydrolysis increase* with increase in 
atomic number of the halogen. The structure of the 
halide* is that of a pyramid with the antimony atom 
at the vertex. 

Only twin halogen compound* arc known for 54 
antimony: tliev are antimony) V ) fluoride and chlo- 
ride. Both are prepared by direct combination of 
the metal with the halogen or by treatment of anti- 
mony! Ill) halide with the corresponding halogen. 
Both of the compound* are n*ed a* halogenating 
agent*. 

Analytical methods. Very *mail amount* of anti- 
mony can be determined by a method similar to 


the Marsh test for arsenic (see Ahsunic). '[’j !#b 
gaseous stibine, Sblla, can be detected h\ |j l#i 
coloration produced on mercury! 11) chloride t , a . 
per. 

Antimony can be determined gravimetrical!; 
either antimony tetroxide or antimony ( 111 i M ,lfn|,. 
The second method is more convenient. The su|fi,| r 
is precipitated in hwlrochloric acid solution |,| 
teird off into a sintered porcelain crucible, tta-liul 
and then dried to constant weight at 1 10 C, (1. 

\ volumctfic method frequently used is ba^ t J ,, n 
the oxidation of antimony ( HI ) to antirm>n\ i \ , 
with potassium permanganate. .See Bis\n Im 
P iioMMionr*. iw.w.vu 

Antineutron 

The aulipart i« lc (charge-conjugate part i( I* ; ,,| 
the neutron. All electromagnetic properties ,>( 
particle arc* inverted ill "ign in the charge i-i>n t (i 
gale; thus the antineiitron lias a magnetic m.mirm 
equal and opposite to that of the neutron. 

-pin, and the decav constant for /i-der a\ are idni 
tical for the antineiitron and the neutron. Hi it h .m 
fermions of spin *v. -See Kt t \n n t \m i a 1 1 < 1 1 

\n IKON. 

Xntineiitroris can onlv be burned tngethei vs it|i 
nucleon, and thev aie annibilated with the 
neon* destruction of a nucleon elei it jc « haige » n 
ergs. and momentum being conserved in the f.i 


t 
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Propane bubble-chomber photograph taken w f ^ e 
proton and meson beom of the bevatron. Large arrow 
indicates where an antinputron was formed. **• 
pronged stor indicated by small arrow is the ann ‘ ' ^ 
tion stor of the antineutron; actual distance •» ® ou 
12 cm. Density of the propane is 0.42 g/cm . ( 0 
tion Laboratory , University of California ) 



.j,*!. Antinfiil rons arc occasionally formed during 
. 0 |JiMons of antiprotons with protons. The whole 
|T incess is demonstrated in the accompunving ilhis 
ration of a propane bubble-chamber reac t ion. 

[ 1 

\ntioxidant 

\n inhihitor whic h is effective in preventing oxida- 
ion h> molec ular oxvgen f autoxidation I . Such in- 
hibitors have great c ommerc ial signifo aure in the 
preservation of food and food produc ts and in the 
prevent ion of deterioration of petroleum produets, 
ruhher. and plasties. 

Vutoxidations arc* free-radical chain reactions 
■liaraelerizecj hy the* interaction of the radicals 
M ith oxygen tc» yield peroxv radicals, organic 
peroxides. and a liroad spectrum of stable* uw^ii- 
ated products. The latter, in the ease of fowl*, are 
usually of unpleasant taste and color and render 
the food unpalatable, ft is of interest that antioxi- 
iliinH for foods were* known and used long before 
llieir function was appreciated. Spices from the 
Orient served not only to mask unpleasant tastes 
,ind odor*, but also to prevent the reactions whbh 
led to tbeir formation. Modern studies have shown 
dint -age. cloves c reprano. roseniurv. and thvine to 
iidtne but a few. prevent peroxide development and 
increase the stahilitv of fat- towatd oxidation. The 

.ntive constituents in these spi< e- aic* pheimlic 
• ompotmds. The autoxidation of gasoline vield- 
<rum- which foul internal » omhu-tioii engine fuel 
-v stents and which increase < ombu-tion chamber 
dc-po-its. These results increase the* octane require- 
ment for the* engine The autoxidation of lubri- 
cating oils \ielc|s a< idic products which accelerate 
nirrosion and engine wear. Oxidation of rubber 
and plastic products causes < bain fission with re- 
sultant loss of strength. Dis< oloration often ac- 
ccnnpanies this degradation. Hxdrocarbon poly- 
mer.* *uch as pcdvethvlene and pol\ propvlene are 
particularly subject tc» such attack and require the 
addition of appropriate antioxidants to give satis 
factory performanc e. 

Mechanism of autoxidation. The reaction of hv- 

dmcarhons and their oxidized derivatives with o\\- 
gen at low temperatures can be summarized b\ the 
following series of reaction*: 

rh + o 2 >r.tho 5 0) 

R. + l> 2 — ROO. (2» 

ROD. + RH — ROOM f R* W 

The initiation reaction ( 1 ) is uncertain, but it i* 
definite* that some such process must intervene to 
prod u re a)k\ 1 radical* (Ibi. Attack is directed at 
ntost labile 0 H linkage. In order of reactivity 
ifo'se linkages are: allvl > lx?n/v I tertiarv alkvl 
% ^eeondarv alkvl > primary alkvl aryl. Ample 
proof exists for the succeeding •‘top* (2* und <3T 
■Itc free radical R« is regenerated by reaction (3) 
dru | repeats the cycle (2) and CO indefinitely 
piving rise to a chain reaction. It is stopped when 
R ' » consumed in some eompeting reaction. Both 
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Mn#V«7° X> ra,,i< aK K0 °*. “«'<• the hydroperoxide. 

, mav undergo further reaction to yield more 
'tabic oxidized products. These may he alcohols, 
aldehydes, ketones, ac ids, and esters. The peroxides 
themselves, though often used as catalysts for au- 
I oxidations and other free-radical chain reactions. 
,an ,M * ln, * rl reaction products at relatively low 
i<*iiiperatijrc*s. I ruler the-e conditions, hydro- 
peroxides ma\ function as nonchain oxidants by 
reaction with aldehydes and olefins present to yield 
ue ids and epoxides. 

\uto\idatinn chains are often long, so that a 
'ingle initiating event may produce many stable 
prodiic t molecules. Thus onlv a very small amount 
°f an effective antioxidant need he employed for 
the protection of a large quantilv of a suli-trate. 
flu* role of the antioxidant is to provide an al- 
ternate path for oxidation which does not involve 
tin* -uhstratc. 'I he antioxidant is destroved in the* 
pro* I*—— and thus doe- not function indefinitely. 

Interruption of the antoxidat inn chain hy an 
antioxidant take- place at the peroxv radical stage 
of tlu* ch.un Proof of this mec hanism was the 
demonstration that inhibitor <In» efficiency is inde- 
pendent of oxvgen partial pressure. The inhihiled 
oxidation process then become- fl) and (2) fol- 
lowed h\ 

POO- - 

stabilized radical nr -table product l 4 | 

in place of ( *tl . In this wav. thr chain-carrying 
radical ( R* I i- not regenerated as long as antioxi- 
dant remains. 

The critical features of oxidation inhibition are 
the relative icactivitics of the antioxidant and the 
siib-tratc toward the peroxv radical, and the num- 
ber of rad* . with which a given quantilv of in- 
hibitor will Mocract. The former determines the 
efficiency of tne inhibition: the latter determines 
how long a given quantity of antioxidant will he 
effective. 

Manv naturalb occurring substance- contain 
antioxidants in their crude -tales. These inhibitor* 
produce an induction period in autoxidatimis. Mur- 
ing this induction period, absorption of oxvgen 
bv the substrate mav be -o slow a- to escape obser- 
vation. I pon exhaustion of the inhihitor. however, 
the rate of oxidation quickly increase- to a stead v 
level. This level i the same as that for steady - 
state oxidation of the purified substrate. The length 
of the induction period observed when an antioxi- 
dant is added to a purified substrate has hern used 
extensively a* a criterion of antioxidant effective- 
ness. Quantitative measurement of the amount of 
oxygen absorbed during this period also permits 
determination of the stoichiometry of antioxidant 

action. . 

The efficiency of inhibition of autoxidation 
varies considerably with the nature of the antioxi- 
dant. as shown in the accompanying table. 

Types and action of antioxidants. The kinetics 
of inhibitor action together with isolation and 
identification of the products of oxidation of anti- 
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Inhibition Of tbo oxidation of cumont at 62.8*0 
and 1 atm 0> pressure* 


Inhibitor 

Relative efficiency 

Phenol 

1.00 

2,6-Di-frrMnityl-p-creflol 

3.3 

Dipheny Ipicry Ihydraxy 1 

1.6 

4-iert- But ylca techol 

14. 

A- Me thy la inline 

1.2 

p-M ethoxy dipheny leonine 

6.1 

Di phony lamine 

2.1 

i\, jV # - Di phen yi-p-pheny lened iumi tie 

16. 

p- Hydroxy dipheny lumiite 

5 6 


* (i. S. Hammond. (' K. Booxcr, C. K. Hamilton, and 
J. N. Sen, J. Am. Chem. Soe. 77:3238. 1953 


OH 

cr 

<W>. 

<Vtr/7-ButyJcatechol Propyl gullatc 

(TBC) 

Nitrogen* and sulfur-containing antioxj<i unt 
are : 


OH 

HO X^OH 

V 

CO t C 3 H 7 


NH 


oxidants have led to the following eoneept of the 
inhibition : 

ROO- -f In (ROD. — ♦ In) — products 
complex 


Diphenvlaimne 

CflH.NH ( \ NHCJ1, 
.V.A'.Dipheiiyl-pphenvlenediamiiie 


Products of the oxidation of some typical antioxi- 
dants are shown below : 


OH 

<CH s )jC ; C(CHj)j 


+ 2ROO. 


CH, 

2 , 6 -Di-trr/-hutyl/)crr^ol 


O 


C(CHrfi 


'O' 

, *\ 

cii 3 Oor 


+ ROOM 


CJI&NH NHC.H, + 2R0O. 


.V. t Y'-Diphenyl-/>* 

phenylenediarnine 


QHaN- 


-O 


NC 6 H 5 + 2ROOII 


The major types of antioxidants now in use are 
the phenols, the aromatic amines, sulfur com- 
pounds, and a variety of naturally occurring ma- 
terials. The latter find particular use in the pro- 
tection of foods and cosmetics from oxidation. 

The following are phenolic antioxidants: 



2 f 6-Di-fen-butyl-p-cresol 
(ktnolor DBPC) 


Butylated hydroxyanisole 
(BHA) 


S 



N 

II 

Plienotliia/incv, 


R,N <: N CNR, 

NH OR' 

A lh> larniilimuMturcas 

Naturally occurring antioxidants arc li-ted 1-. 
low : 

Raw *ml oils Tocopherol* 

Wheat get m oil (-urns 

The activity of the last named cntegon in.n M- 
ten be increased by the use of synergist-. Th***r 
are substances which have little or no uilivitv 
alone hut which enhance the activity of stronger 
antioxidants. Some effective synergist* arc phos- 
phoric. citric, and ascorbic acids. 

The wide variety of antioxidants now available 
is necessitated by the extreme range of condition'' 
under which protection from oxidation is requited 
An antioxidant which can delay the development 
of rancidity in stored butter will seldom prove to h« 
suitable for the protection of hot lubricating oil in 
the crankcase of an autontobile. The design of anti 
oxidants for specific tisefb. however, is still more 
of an art than a science.? Even the qualitative be- 
havior of certain classes jof compounds is not al 
ways predictable in this Connection. .S>e Cat*i'- 
sis; Frm- radical; InhibItor (ciii.mical). 

Ik.h.vI 

Antipatharia 

A a order of the subclass 2Joantharia. These animal 1 * 
are the black or horny corals f Fig. 1 ) which hw 
in rather deep tropical and subtropical waters an 
usually form regular or irregularly branching plan 



like colonies, often 2 or 3 mHent in lu-ighi. with 
thorny, *<*l'd lamellar, horny axial skeleton*. 
Si irhopathrs form an unbruiu-hing wirelike colony! 

The fiolyp or zooid ( Fig. 2«) has six unhran. lied, 
notire tractile tentacles with a warty surface due to 
the presence of nematoeyst*. Six primary, com- 
plete. bilaterally arranged mesenteries ( Fig. 2li,i i 
occur, of which only two lateral ones hear filament, 
ami gonads. Itrndrobranrhia, however, has eight 
ret tactile pinnate tentacles. Both edges of the sto- 
nioijcntn appear to he differentiated into siphono- 
jf|\|i|i* morphologically, hut not hist.dogicallv. \d- 
idicnt amid* are united hy a eoenenchv ine. hut 
ilieir gastrova.HCtilar cavities have no < onrieciion. 
Ilie musculature is the most weakly developed in 
ilieaniho/oans. 


Antiproton 481 





fig. 2 la) Diagrammatic figure of the antipatharian 
polyp 'offer Y. Delage). lb) Mesenteric arrangement 
of Stichopathes cey/onensis ( after U. Pesch). (c) Mes- 
enteric arrangement of A ntipathes longibrachiata (af- 
ter U. Pesch). 



1 In* polvp- arc dioecious. Schizopathidae are 
dimoiphic; iho ga*trozooid has a mouth and two 
tentacles. while- the gonnzooid. the only fertile 
l»ol\p. larks a mouth. Srr Zoantharia. [ k.a.1 

Antiproton 

Th.- antiparticle (charge-conjugate particle) of the 
proton. 1*. \. M. Dirac’s equation of relativistic 
quantum the«»r\ for the electron admits solutions 

hit'll describe a particle of mass identical to that 
of the electron hut of opposite charge: thi* is the 
positron. A natural generalization of the relativis- 
tic equation* for fermions of spin l L> leads to the 
prediction that there should he a particle of mass 
identical to that of the proton hut of opposite 
charge: this i* the antiproton. It was first ex- 
perimentally demonstrated hv 0. Chamberlain. 
K. Segre. C. Wiegami. and T. Ypsilantis in 1955. 
.See KlFMkNTARV PAHTHLF.; PROTON; QrANTt’M 
I If FOR \ . RKL ATI\ Is Ni.. 

The magnetic moment of the antiproton must 
a l*o lie identical to that of the proton in magnitude, 
hut of opposite *ign (see diagram). Moreover, anti- 
protons can he created only in pairs with a proton 
and thev annihilate with a proton or a neutron, giv- 
ing ri*e principally to tt mesons (pions). Creation 
and annihilation are governed by the fact that the 
total number of nucleons (antinucleons to be 
counted as minus) must be constant and that elec- 


Antirosonanco 


4ta 



(°) (b) 

Proton and antiproton, (o) Proton may be regarded as 
positively charged spinning sphere with north and south 
magnetic poles due to its magnetic moment, (b) Equally 
massive antiproton has charge and magnetic moment 
numerically equal but opposite in sign to those of pro- 
ton. 


trie charge must he conserved. Pion* mav enter in 
the balance and they niav he created or annihilated 
e\en singly. For the whole process, energy, momen- 
tum. and angular momentum must he conserved. 

The fart that antiproton* mav he created only to- 
gether with protons determines the threshold en- 
ergy for creation. Thus, for instance, in a proton- 
proton collision, antiprotons mav be created only 
if the bombarding proton has an energy larger than 
5.6 Bev. j | 

Bibliography: E. Segre and C E. Wiegand. The 
antiproton. .Sri. American , 194f6):37 41. 1956. 

Antiresonance 

The condition for which the impedance of a .given 
electric, acoustic, or dynamic system is very high, 
approaching infinity. In a parallel electric circuit, 
antiresonance occurs when the ar line voltage and 
the resultant current are in phase. l r nder these con- 
ditions. the capacitive current drawn by the capaci- 
tor must equal and balance out the inductive cur- 
rent drawn by the coil, leaving only a small total 
current due to the resistance of the coil. 

The principle of antiresonance is u*ed in wave 
traps, which are sometimes inserted in series with 
antennas of radio receivers to block the flow of al- 
ternating current at the frequency of an interfering 
station, while allowing other frequencies to pass. 
See Resonance ( alter NAT iNG-craitENT ancriTs). 

[J.MR.] 

Antiseptic 

A drug used to destroy or prevent the growth of 
infectious microorganisms on or in the human or 
animal body, that is, on living tissue. The legal def- 
inition Is stated in the Federal Food. Drug, and 
Cosmetic Act, Chapter II, Sec. 201, (o) as follows: 
“The representation of a drug, in its labeling, as an 
antiseptic shall be considered to be a representa- 
tion that it is a germicide, except in the case of a 
drug purporting to be, or represented as. an anti- 


septic for inhibitory use as a wet dressing, 0 j m 
ment, dusting powder, or such other use as in\olw. s 
prolonged contact with the body.” This means t|, dl 
antiseptics will render microorganisms inn«»< i„ Mls 
by either killing them or preventing their growth 
according to the character of the preparation <u \\ u . 
method of application. 

Antiseptics have been used for the purpose f or 
well over a century, first empirically in thr Jm . 
vention of puerperal sepsis and then mote sp rr j| 
ically in antiseptic surgery. During this period 
many chemical substances have been employ] as 
antiseptics, such as certain halogens < incline » 
mercurial compounds, essential oils. >i|v«>r corn 
pounds, alcohols, hisphenols. and qimternar\ ;un 
monium compounds. The more important of th,...,. 
will be discussed in the order listed f.w e IUi.oi.in 

ELEMENTS). 

Iodine. This is the most important of tlu- halo 
gens used as an antiseptic. Although iodine s 0 | (1 . 
tions were used as an external application in 
wounds in 1839 and were admitted to the I > 
Pharmacopoeia ( 1 1 SI* t in 1814). the v were nm 
widely user! in surgery until after I860. Tinrhm- 
iodine I iodine in an alcohol solution > has hern cm 
ployed widely as a preoperative antiseptic and m 
first aid. Tincture of iodine is geiniicidal h\ I;iUi,. 
lory test in 0.02'i concentration, hut 2.0' ; -•»! >: 
tions are usuallv employed in *uigerv and !im 
aid. The official solutions ate iodine timliin 
I'SPXV. which consist* of 2.0'; iodine ,md 2 1' 
sodium iodide in almhol: iodine tincture, -r i «>n» 
NFX ( National Formulary X). 7 r ', iodine .md 
5.0 r ? potassium iodide in alcohol; and iodine -"It: 
tion. NFX. 2.0 '7 iodine arul 2 4 f ; sodium iodide n, 
water. The tincture is a better antiseplh than th« 
water solution because it penetrates rapidb i- 
highlv germicidal, and is nonspecific in .mill n 
terial activity. In addition, the tincture is not .ir 
preciahlv counteracted In organic matter and ha- 
low surface tension, a iow pH (which fiirllni 
enhances its germicidal aclivitv) and. in n-.il'h 
solutions, a high degree of antimicrobial effn tiv 


ness. 

Mercurial compounds. Compound* of mrn»n 
were used to prevent infection before the gern- 
theory of disease was established and were vudih 
used in surgery following the work «»f Kokri 
Koch on mercury bichloride in 1881. \ Itlnouil' 
Koch appeared to prove .that this mercurial 
kill spores, the test was tpuch that the results 
actually the effect of bacteriostatic. not gerniicn ■* 


or sporiridal. action. Inf spite of thi* ein»nc<»u- 
evaluation. mercury bichloride became the an fl 
septic of choice in pladjp of the phenol oluti‘ ,n 
used hy Lister: it was enflplnved bv tlie pr«»fc— » M ” 
and laymen for many Yfrars. and still ha** 
applications. Because at their high toxicity ,,n ^ 
revere caustic action, such inorganic merciiria 
mercuric chloride, mercuric oxycyanide. an 1^ 
taftMum mercuric iodide Have been largelv rep 

hv certain organic mercury compounds. r J* al1 

* and ar 


mercurial compounds are far les» toxic 



non irritating in concentrated solutions. They are 
highly bacteriostatic, and in concentrated solutions 
germicidal as well. They are also nonspecific in 
antinii rr °kial activity. The organic mercurials as 
*rll as the inorganic salts are readily counter- 
acted by organic matter and have a high surface 
tension in water solutions. However, tinctures of 
organic mercurials (that is, solutions j n alcohol) 
are more germicidal and. because «>f their lower 
„,, r fare tensions, are able to penetrate into tissue 
devices. Tinctures of organic mercurials are effec- 
tive in practice as a result of both germicidal and 
bacteriostatic activity. The most important of the 
organic mercurials are phenylntercuric nitrate and 
H(T ,tale; merbromin NF ( mercurochrome ) . the so- 
dium "alt of dibromnhydroxyniercurifhioresrein ; 
thitnerosal NF ( merthiolate) , the sodium salt of 
ethyl mercury thiosalicylic acid; nitrorner^ol 
imefaphen). the anhvdridr of 4-nit ro-.f-hvdroxv- 
nii»rciiri-<>'cresn| ; and mrreresin. an alcohol-acetone 
Milution containing a mixture of secondary amvl- 
tricrcsoN and nrthohydroxyphcnvlmemiric chlo- 
ride. 

Essential oils. Essential oils have been defined 
odoriferous oilv substances obtained from such 
fi.il ut «'il sources as plants h> steam distillation. F.s- 
MMitial oils in alcoholic solutions also were early 
•iiiplnved in pli'M e -*f the carbolic acid M>|ution of 
I isicr. and because of the toxic and corrosive ac- 
tinri of mercurv bichloride, thev aNo replaced this 
"impound Alcoholic solution <»f essential mN was 
lifst developed in 1RHI and was admitted as liquor 
jnh'eprinis to the l .S. Pharmacopoeia in 19(H) and 
to the National Formularv IN' in 1916. It was still 
im hided in the National Formularv \. While thy- 
mol is the most active ingredient in thi* formula- 
tiou. the other essential oils included a< ! in a *vn- 
•■tiistic manner: that is. the total effect is greater 
th.in the additive effect of the individual onmpo- 
nents. Although the-e essential oils are present in 
low concentration, the final combination is highlv 
ircrniiridal. in fact, equal in germicidal activity to 
the 2.5 solution of rurltfdic acid so successfully 
liv’d h> Lister and others in antiseptic surgery. 
This antiseptic is also nonspecific in its germ-kill- 
»ng propertv and kills all varieties of infectious mi- 
<riMirganis|iis. with the exception of spores. Its low 
airfare tension facilitates spreading and penetra- 
lln n. and its low pH enhances germicidal activitv. 
Ihc antiseptic is not counteracted by organic mat- 
,f ' r - is stable under all conditions of storage, and is 
nuntoxic. noncaustic, and safe to use on all body 
tissues. For these reasons, the alcoholic solutions of 
^cntial oils as represented by liquor antisepticus 
ha\f proved effective in a wide variety of clinical 


indications and in first aid. 

Silver compounds. These compounds have been 
*‘ m ployed as antiseptics since 1H84 and have been 
K ’tdelv used for a variety of purposes. Because of 
*dand nature of most of these compounds, they 
! avc been successfully used in the eyes, nose, 
r|, roat. urethral tract, and other organs. The most 
Wi, h*1y used silver compounds are silver nitrate. 
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LSP, arnmoniacal silver nitrate solution, NF, silver 
pic rate, NNR (New and Nonofficial Remedies ), 
and certain colloidal solver preparations such as 
Mrong protein silver. Ml*, and mild silver protein, 
^ A r gyrol ) . I hese silver compounds are effective 
germicides of low tissue toxicity and are not coun- 
teracted hy organic matter. 

Alcohols. Such compounds as ethyl alcohol and 
isopropvl alcohol have been used as antiseptics 
"im e IR94 and are still widely employed. They are 
germicidal rather than hacteriostalic and are effec- 
tive against the vegetative forms of bacteria and 
virus, but do not kill spores. Ethyl alcohol in 62.5- 
solution is most commonly used, being widely 
niiploved f<»r disinfecting the skin before hypoder- 
mic injections and other skin punctures. It i* rap- 
idly germicidal, nonspecific in germicidal activitv. 
nontoxic. nonirritating, and not counteracted bv 
organic matter. Uoprnpvl alcohol is equal, if not 
superior, to ethvl alcohol and is widely used for de- 
gcr ming the skin and for disinfecting oral iher- 
inurneters. Alcohols are also widely used in other 
antiseptic preparations, in which thev serve lo 
lower the surface tension and to promote spreading 
and penetration. 

Bisphenols. Compounds such as dichlorophene 
and tetrachlorophene are essentially bacteriostatic 
:i gents and are weaker as germicides. The antibac- 
terial a« tivitv of bisphenols was first demonstrated 
in 1906. and much new information has been devel- 
oped since 1927. Thev have proved quite effective 
as slon-degerming agents, when used in soaps and 
other detergents, and as mildew-preventing formu- 
lation*. The halogenated form, such as diehloro- 
phene. tetrachlorophene. hexaehlorophene. and hi- 
thionol. is nmst commonly emploved. When used 
repealedlv on the skin, as in soaps and detergents, 
bisphenols have a tendency to remain for long pe- 
riods. ihus .> during skin bacteria to a significant 
degree. For tl b purpose thev are especially useful 
in preoperative hand washing. Bisphenols are cmin- 
tei acted to a variable degree by organic matter. 

Quaternary ammonium compounds. These or- 
ganic penla valent nitrogen compounds have high 
germicidal activity. Although they are more prop- 
crlv classified as surface-active disinfectants, some 
of them are employed in certain antiseptic formu- 
lations. for instance, /ephiran. especially suited for 
use on the skin, and repacol, for mucous surfaces. 
Thev art counteracted to a certain extent by or- 
ganic matter, especially by blood serum. They are 
nontoxic and nonirmating and mav be used in place 
of alcohol following preoperative scrub-up. 

Comparison of antiseptics. It is difficult, if not 
impossible, to evaluate the relative merits of the 
various classes of antiseptics under all conditions 
of use. However such an effort has been made with 
respect to reduction of skin bacteria in the serial- 
basin test. with the results shown in the table. 

The results substantiate the efficiency of iodine 
solutions. These have proved most effective for de- 
stroying skin bacteria when applied, as is custom- 
ary, at the site of the operation. The zrphiran solu- 
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Skin bacteria faductlon (tarial-baaln ted)* 


Antiseptic 

Period of 
contact 

Reduc- 
tion of 
skin bac- 
teria, %t 

7% tincture of iodine 

30 sec 

100 

5% aqueous iodine 

2 min 

99.5 

2% tincture of iodine 

2 miu 

97.5 

1% tincture of iodine 

2 min 

94.5 

70% alcohol 

2 min 

88.0 

0.1% tincture xephiran (After thor- 
ough rinse to remove soap) 

2 min 

85.0 

0.1% tincture xephiran (soapsuds- 
rinsed) 

2 min 

80.0 

50% alcohol — 10% acetone 

2 min 

70.0 

0 05% tincture of metaphen 

2 min 

08.0 

0.1% tincture of tnercresiti 

2 min 

60.0 

2.0% alcohol-acet one-aqueous 
mercuruchrome 

2 uiin 

45.0 

0.1% aqueous xephiran (after thor- 
ough rinse to remove soap) 

2 min 

40.0 

0.1% tincture mercuric chloride 

2 min 

30 0 

0.1% tincture of inert luolate 

2 miu 

25.0 

0.1% aqueous xephiran (soapsuds- 
rinsed) 

2 min 

00 


• P, B. Price. Drug Standard *. 19 1 161. 1951 
t Approximate within the limits of aaurary of teat 
method. 


lion#, according to the test, rank next to iodine in 
efficiency. The mercurials by this test are least ef- 
fective. .See Antimicrobial agents; Bioassay; 
Fi/nwstat and fungicide. |g.f.r.] 

Bibliography i American Pharmaceutical Asso- 
ciation, National Formulary , 11th ed., 1960; (J. F. 
Reddish (ed.). Antiseptics, Disinfectants , Fungi- 
cides, and Chemical and Physical Sterilization , 2d 
ed., 1957 ; V.S. Pharmacopeia , 16th ed., I960. 

Antisubmarine warfare 

Antisubmarine warfare (ASW^ comprises all those 
measures required to combat enemy submarines. 
Strategy, operational employment of forces, tactics, 
and the great variety of equipment and weapons 
used to find and sink the submarine are all included. 


Antisubmarine measures are based upon the 
characteristics and weaknesses of the submarine 
In World War I it was a fragile vessel with small 
underwater radius. It had to spend much of it h time 
on the surface charging its low-capacity H| orat , (> 
batteries and seeking its prey. The only countei- 
measures were gunfire and ramming. Soon the 
depth charge (a cylindrical can containing 30() ||, 
of TNT detonated at the desired depth by a hydro, 
static piston) and rudimentary hydrophone*. (, ln . 
derwater listening devices) were developed. M er . 
chant ships were armed, the convoy system Has 
adopted, decoy ships were introduced, destroyers 
and small patrol vessels were fitted with hydro, 
phones and depth charges, bombs were put in air 
craft, and mine fields were laid. Submarines, lurk- 
ing submerged, attacked enemy submarines on the 
surface. 

World War II developments In World War H 
the submarine, although much improved with better 
sonar i acoustic detection equipment ), higher-ca- 
pacity storage batteries, electrically propelled 
acoustic homing torpedoes antiaircraft guns, and 
deeper submergence capabilities, was still forced 
to come up to charge batteries t except tor a fen 
which were snorkel-equipped l . Shore-based air 
craft equipped with search radar kept the siilnna 
rines submerged for longer period*. The in*t«ill.i 
lion of effectise surface-search radar in dcMimer* 
and in other escort vessels prevented Mihinarine- 
froin patrolling at night on the surface in s*e.ir*h 
of convoys and also front making night att.uk- i»u 
the surface. As shore-based aircraft, including 
blimps, drove submarines further out, hunter-killer 
groups of small aircraft carriers and four or hw 
destroyers attacked submarines in ocean areas dis- 
tant from land. 

Although sonar had been used before Wot Id 
II (the principle was first proposed b> Leonardo d.t 
Vinci), it was greatly improved by wartime devel- 
opment*. Echo-ranging sonar was installed in de- 





Rg. 1. Dwfroy n firing Hedgehog pattern*. (Official U.S. Navy photograph) 




Fig 2. Weapon Able being fired from destroyer. 
Official U S. Navy photograph) 


*iro>rr* and in submarine**. The behavior of aeons, 
tn naves depends upon, among other things, the 
temperature, salinity, and pressure of s Pa water. 
\, miotic energy from deep submarines may not 
rn.i* h M*nar devices near the surface because of the 
refracting effect of variable temperature gradients. 
The bathythermograph is a device for measuring 
temperatures at various depths. This permits a de- 
termination of the best listening depth *n that tho-e 
“nnar devices capable of depth adjustment may be 
jwM effectively employed. See Bathythkrmo- 
i.RU'H; So> AW ; IvNUKR WATER sot ND. 

The depth charge was given a tear-drop shape 
during World War II for faster sinking, and its ex- 
plosive force was increased SO ^ by Torpex. a mix- 
ture of TNT, RDX, and aluminum powder. To fulfill 
the urgent need for ahead-thrown weapons, the 
Hedgehog wan developed. This is a small rocket 
carrying a charge of 30 lb of high explosive. The 
projector, mounted forward, has 24 firing tubes, 
^ne weapon is detonated when it hits the subma- 
rine and the other 23 are detonated hv the counter* 
mining effect. (Countermining is the process of 
exploding mines or similar explosive charges by ex* 
ploding another charge sufficiently close to set off 
the first ones by sympathetic response. ) The pat- 
of the 24 charges is roughly 200 by 200 feet 
,Sf * Fig, 1 ). Since thereds no explosion if the tar- 
8 e t is not hit, subsequent sonar ^search is not im- 
Ned by explosive reverberation* in the water. The 
• <jusc Trap is a similar weapon, smaller and 

,,? n r .' * wr U8C * n wnl1 ^ *es*el*. 

uring World War II. radar was developed to 
^"lit aircraft to detect submarines on the surface, 
th* magnetic airborne detector (MAD) and 


Antisubmarine warfare 484a 


sonobiioys were developed ho aircraft could detect 
them submerged. Submarines, surface vessels, and 
aircraft are fitted with electronic countermeasures 
equipment (KCM) whereby radar emanations can 
be detected In antisubmarine warfare the relative 
ranges of ECM and of radar equipment greatly af- 
fect the relative capabilities for establishing con- 
tact. particularly between aircraft and submarines. 
See Electronic, c ountermeasures; Radar. 

The MAD is a magnetometer, extended on a 
boom from an airplane, which detects the magnetic 
anomaly caused by the submarine. MAD has a low 
range, but it is valuable to localize a submarine and 
to cover a definite line; MAD was put to this lat- 
ter use in blimps patrolling the Strait of Gibraltar. 
See Magnetometer. 

The sonobuoy consists of a hydrophone sus- 
pended from a floating buoy; in the buoy is a radio 
set which transmits to the plane any underwater 
“ound signals that it may pick up. Sonobuoys are 
of various types, depending upon the nature and 
the frequency of the acoustic energy to be detected. 
Thev can. depending upon the type, be used for ini- 
tial detection or for localization (“pin-pointing” 
the target). The sonobuoys arc dropped from air- 
craft and have rotovanes to slow their descent. See 
SoNORfOY. 

Prosaic antisubmarine measures used during 
World War I and still much employed are mine 
fields and antisubmarine nets, both of which are de- 
signed to prevent submarines from passing through 
< rtain areas. Antitorpedo nets are also stretched 
across the entrances to important harbors. 

One of the most important antisubmarine systems 
in World War II was the high-frequency-radio di- 
rection-finder “net.” Excellent communications per- 
mitted the rapid alerting of the entire “net” so that 
the positions oi German submarines transmitting 
radio messages, .*en in short hursts, were obtained 
hv cross hearings. 

Submarine advances. The snorkel is an extend- 
able pipe which, by sucking in outside air for the 
diesel engines, permits the submarine to run sub- 
merged and to charge batteries while submerged. 
It was introduced too late in World War 11 to ex- 
ploit the great £ain in capability it conferred on 
the submarine. It makes detection of submarines by 
radar verv difficult, particularly when a sea is run- 


ning. 

Nuclear propulsion md the intermediate-range 

is'-ile. both introduced since World War II. have 
vastly multiplied the capabilities of the submarine. 
The nuclear submarine can remain submerged for 
weeks. Its maximum submerged speed is very high 
and can be indefinitely sustained. It can fire its mis- 
*iles while on the surface in a few minutes, or when 
totally submerged, as in the Polaris system. The 
Polari- missile i< a ^lid-propelled, medium-range 
ballistic missile fitted with a nuclear warhead. 
|tq Polaris submarines each carry 16 missiles. 
This development has made the submarine into a 
strategic weapon svMcm *«*** role is deterrence 
and retaliation. 




Fig, 3. Hunter-killer antisubmarine warfare task 
group. Note two hunter-killer submarines. These task 

Furthermore, because the submerged *peed of 
the nuclear submarine approaches that of the de- 
stroyer and because the submarine has relatively 
long-range weapons, the destroyer's short-range 
weapons such as the depth charge, the Hedgehog 
and Weapon A (described later), are tactically un- 
suitable against the nuclear submarine. Modern 
submarines have torpedoes with greatly increased 
speed and range; soon they will have missiles effec- 
tive against both surface ships and submarines, 
such as Subroc, fired submerged and having ranges 
measured in miles. Thus, the surface ship is at a 
great disadvantage until it has much more effective 
detection equipment and weapons of comparable 
range. The detection and the attack problems are 
therefore very difficult. Although antisubmarine 
weapons, particularly nuclear types, are greatly im- 
proved in power and somewhat improved in range 
and accuracy, and although there has been substan- 
tial improvement in sonar devices, antisubmarine 
capabilities lag far behind the revolutionary ad- 
vances of the submarine. See Submarine, 

It is generally conceded that the Soviet Union 
has nuclear-propelled submarines as well as others 
capable of firing ballistic missiles. Current books, 
such as /one’s Fighting Ships , support this view. 



groups conduct extensive training exercises, os de 
picted here, f Official U.S. Navy photograph ) 

New ASW weapons. New weapons in<lii'i>' 

acoustic horning torpedoes delisered b> Mjrfd" 
-hips, submarine*, and aircraft, l ater hpc* .u» 
small and may be dropped in the water from -ur 
face ships and aircraft. They describe duwnwaid 
spiral search paths in the water until the\ arc 
within acquisition range of the target. Their hom- 
ing devices can usually distinguish between deto\* 
and the actual submarine. .Sec Aroi vin toneme. 

Weapon A is a 12.75-in. rocket-propelled depth 
charge fired from a turret mounted forward on de- 
stroyer types ( *ee Fig. 2). RAT. a rorket-a*M-ted 
torpedo fired from surface ships, was can* elled in 
l%8, probably because ASROC. a weapon of supe- 
rior range and lethality, Jwas under development. 
Hetty and I.ulu are nuciegr depth charges dropped 
from aircraft. I 

ASROC consists of a « rocket-assisted weapon* 
delivery system which oil employ as a warhea 
either a homing torpedo $r a nuclear depth bom *■ 
The rocket is solid-profiled. During flight t ic 
rocket booster separates flom the torpedo, which i 
lowered into the water by means of a para* llfp 
(Fig. 5). ,. 

The ASROC fire-control system is the first s ‘P 
board installation of a digital computer. The ‘° m 






puler receive* Hrotru-ttl *ignal* of , arK< ., 
and speed; wirul direction and s,, m j; and ti,» 
course, speed, pitch, and roll of ,he atiu.king htl ; , 
The computer uses these inputs to determine the 
future position of the target, the launcher anulo 
and the distance the missile has to fly. ps* 
show* the ASROC launcher installed j n | j ss * 

\orlolk. 

The Mark 44 antisubmarine torpedo is a small 
lightweight, electrically propelled missile which 
automatically seeks its target. Figure 7 -how* ,, m . 
of these torpedoes being dropped from « n air 
plane. 

since World War II. the Navy has developed and 
greatly improved submarine-laid antisubmarine 


The SUBROC missile is an nnderwater-air-un- 
dri water solid-propelled missile find | rom M1 |,. 
marines. It <an be fitted with eithei a nuclear or a 
,-onventional warhead and. according to published 
information, has a range of 2. r > f>0 mile-, 

[HSH (destroyer atitisiiluiiarine helicopter i j* 
an unmanned radio-conl roiled helicopter embarked 
near the stern of destroyers. It carries an \s\\ 
weapon. 

New sensing devices. In order for the >„„ a r of 
-urface ships to penetrate the theimocliue. v»ri- 
able-ijepth sonar tVDSl has been developed. This 
i- c-sentiallv a towed *'fis|,“ which can he adpi-ted 
In swim ot varying depths as retpiired hv the depth 
»f the thermoi line. 
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Fig. 5. ASROC missile ready for loading into launcher. 
^Official U.S. Navy photograph ) 




Sniffer is a device mounted in aircraft which 
det* j i |w the li\drocarlmu«i in the exhaust gases of a 
t ine using its snorkel. 

ASW tactics. At present and in the foreseeable 
future, the he-t offensive measures against subma- 
tine^ are tin* Misubrnarinc aircraft carrier ta^k 
^roup and the t unter-killcr submarine. The task 
group* consist nt an ASW carrier, four or five 
dest rover**, and a hunter-killer submarine or two. if 
available. Spc< iallv configured ASW fixed-wing air- 
i raft and ASW' helicopters are embarked in the 
carrier i hig. .A I. The fixed-wing aircraft carry ra- 
dar. "nnohiiovs. MAI), homing torpedoes, depth 
bomb-, special detection devices, and other ASW' 
equipment. The helicopters are equipped with 
dipping sonar, which is lowered into the sea 
while the helicoper hovers (Fig. 4 1. The hunter- 
killer submarine, which has advanced long-range 
sonar equipment and ,.ood antisubmarine weapons, 
operates in coordination with the surface vessels 
and aircraft. Hunter-killer submarines are particu- 
larlv adapted for independent patrols off enemy 
harliors and in groups, as submerged harrier pa- 
trols. to prevent enemy submarines from passing 
through certain areas. 

Probable future developments. The most ur- 
gent problem in antisubmarine warfare in the fore- 
seeable future is the detection of deep-running, 
quiet, nuclear submarines. President Kennedy 
stated to Congress at the beginning of his term 
", . the fast, deep-running, nuclear- powered sub- 
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marine of today is exceedingly difficult to detect 
and attack. An increase in the capability to detect 
and destroy enemy submarines is needed/’ Develop- 
ments are probable in electromagnetic wave phe- 
nomena, infrared devices, underwater acoustics, 
and radioactivity indicators. Acoustic systems em- 
ploying advanced types of buoy show great promise 
for early detection and tracking of submarines. De- 
tection. classification, and identification equipment 
should gain in performance through the applica- 
tion of advanced electronic techniques. Surface 
ships will be equipped with variable-depth towed 
sonar and so. probably, will antisubmarine heli- 
copters. High-speed hydrofoil craft look promising 
for ASW patrol and attack missions. Test vessels 
are being built to determine the optimum size of 
the craft and its operating capability in moderate 
and heavy seas. Although the concept of a hydro- 
foil destroyer has been much discussed, its feasi- 
bility will depend upon operating tests of experi- 
mental craft. .See Hydrofoil craft. 

There has been a recent awakening to the need 
for greatly expanded oceanographic research. Far 
better understanding of the submarine’s environ- 
ment is necessary for the development of detection 
and other ASW equipment. Deep-sea test ranges 
for such equipment also are under development. 

Sonar devices of various types, both active and 
passive, installed on the ocean floor offer great 
promise in the long-range detection and tracking of 
submarines. Antisubmarine missiles launched from 



Fig. 6. ASROC knmehor naody to fir# aboard USS 
Norfolk * (Official U.S. Navy photograph) 



Fig. 7. Mark 44 torpedo. {Official U.S. Navy photo 
graph) 


aircraft, surface vessels, and submarines an* ■ ap.-i 
ble of extensive improvement. High - peed mulrr 
water missiles with jet or byproduct propulsion ,u< 
under development. Hunter-killer submarine- .nr 
ideal platforms for highly *ophi*tit uted 
equipment and are capable of operating at mm It 
greater depths than heretofore. Because of tfn- 
and of anticipated improvements in wea|M»ns, their 
role in antisubmarine warfare and in protection 
of submarines will increase. New cornmuni* alum 
systems are needed to permit easy, rapid, and 
secure communications between aircraft, 
ships, and deep-running submarines. AiilnniJtn all' 
controlled airborne drone* vehicles operating horn 
destroyers and carrying weapons of appropriate 
types are feasible. DASH is such a program. I n 
derwater drones, nticlear-prooelled and controlled 
by radio or automatically t programmed, can he de- 
veloped for search, patrol, and other mission 6 - M 
of these developments cag. in time, clone the gap 
between the high-speed, niiMsile-firing. nuclear -m’ 
marine and the advance^ countermeasures neces- 
sary to deal with it. See Armament, naval; Sun- 
naval; see also Oceano«I|iaphy. ' 

Antitoxin ) 

Ao antibody that will coiibine with and gfn«*rdh 
neutralize a particular tojin. When the mam *■' ■ 
lions of a disease are caused primarily by a n . ,l 7i r 
bial toxin, the corresponding antitoxin, if ^ 

in time, may have a pronounced propny a« u 


iirative effect. Antitoxins have been developed to 
f arly microbial toxins. Diphtheria, tetanus, 
lotulinus. gas gangrene, and scarlatinal toxins are 
Aportant examples. Antitoxins may he formed in 
, iiman* as a result of the disease or the rarricr 
tate, or following vaccination with toxoids, and 
hese may confer active immunity. The static of 
hb can be evaluated through skin te^K for exam- 
lie. the Schick test for diphtheria antitoxin and 
he Dick test for scarlatinal antitoxin of scarlet 
ever, or by titration of the serum antitoxin Wei. 
VnimaK especially horses, may also be immuni/ed. 
,nd their antitoxic sera, nsualh refined, cmplovcd 
n the passive immunization of humans. .See Rnir- 
lbM ; DiPHTKKKIA; GaNC.HI.NH, (,A*; Immimiy; 
skin test; Tetanus; Toxin-antitoxin nrunoN, 
Antitoxin standardization is accomplished b> 
rom paring the abilities of standard and unknown 
antitoxins to neutralize the toxic or serologic ac- 
tivities of a reagent toxin, as in the Romer skin- 
neutralization test in rabbits or the Ramon floe- 
rulation test. Internationally recognized standard 
reference antitoxins are available from xarioii^ 
governmental laboratories, which aKo define pro- 
cures for their use. .See Antibody: Nfitraii/a- 
un\ re a* tion (antibody). 

1 n. i\ Tiu » mis | 

Bibliography: P. G. If. Coll and R. R. Coombs 
iuki. Clinical tspnis of lnirnurwlug\ m 1%'i; 
(.. S Wilson and A. A. Miles feds. 1. Topley anti 
II i Ison '$ Principles of Uact etiology mol immunity . 
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Anus 

The inferior external aperture of the digestive wn 4 -- 
1**111 It is formed by the lower portion of the anal 
i anal, a Pi- to 2-in. section of bowel King below' 
the rectum and colon. 

The anus marks the junction of the evtcrn.il skin 
*ith the mucosal lining of the intestines and is a Wo 
l he -site of a large venous plexus of hemorrhoidal 
'pin'-. The canal contains two sets of sphincter mu*- 
'k's. one external and the other internal to the 

amis. 

Fecal matter from the colon tends to collect in 
ihr rectum, a distensible 5-in. tube which terini- 
natfn i n the anal canal. This fecal matter causes 
a reflex constriction of the anal sphincters until 
voluntary elimination occurs. See Dicpcnw. sy.n- 
TFM. 

f K. (•. sHAHT] 

Aorta 

main vessel of the systemic arterial circulation, 
wising from the left ventricle of the heart. Its first 
the ascending aorta, passes upward tinder 
p Pulmonary artery to contiaue as the second 
j? rt ’ or a °rtic arch. This curves over the hilum of 
j t innominate, left carotid. 

* n , cfl wMavian arteries which supply the head. 
*7 an<J upper limbs. The third, or descending, 
rl,on of the aorta continues downward on the 
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Wt Side Of the vertebral column to the diaphragm, 
Riving off small branches to the bronchi, esophagus, 
and other adjacent tissues. Below the diaphragm 
the vessel i« known as the abdominal aorta. It de- 
scends to the level of the fourth lumbar vertebra 
where it bifurcates into the two common iliac ar- 
I erics. 

In the abdomen, the major branches of the aorta 
include the single celiac, superior and inferior 
mesenteric, and the paired renal and internal sper- 
matic or ovarian arteries. In addition, many small 
branches go to other organs and to the body wall. 

The aorta is a large elastic vessel whose endo- 
thelial lining is continuous with that of the heart 
and arterial branches. Beneath the lining are inner 
longitudinal elastic fibers and a heavy muscular 
coat which has a predominant proportion of elastic 
fibers arranged in dense lavers between fibrous and 
muscle tissue. The outer roat. or adventitia, consists 
of loose connective tissue which contains fat. 
nerves, and nutrient blood vessels called vasa vaso- 
ruin. Thi- arrangement enables the aorta to expand 
and recf.il in -espnnse to each pulsation of Mood 
through it. See Ciw.t I. Mom sastkm. [ k. sit art] 

Aortic body 

\ trim applied to two completely different struc- 
ture*. found in vertebrates. In one, which belongs 
to the chromaffin system, the tissue has an affinity 
fi*r chromates which stain the cytoplasm a diffuse 
brown. This strut ture is also known as the aortic 
paraganglion nr paraganglia. Composed of small 
groups of cells, it is found around the major 
branches of the abdominal aorta and associated 
with some of the svmpathetic ganglia (concentra- 
tions of nerve cell bodies) in this region. The sec- 
ond structure, perhaps better termed the glomus 
aorticum. i* a ■ Vmoreceptor. that is, subject to 
chemical stimuli. 

Aortic paraganglia. These Structures, in the 
newborn child or animal, are the largest collection 
of chromaffin or chroma phil (epinephrine-secret- 
ing) tissue outside the adrenal (suprarenal) glands. 
In the human infant these structures are paired, are 
a centimeter or so long, and lie on the abdomi- 
nal aorta at about the level of the inferior mesen- 
teric arterv ; these bodies in man are also knowrn 
as the organs of Zuckerkandl, after their discoverer. 
They undergo gradual involution and are replaced 
h\ connective tissue* *y the time of puberty they 
llir recognizable onlv microscopically and are said 
to disappear completely by the age of 40 years. In 
laboratory animals a similar mass is unpaired and 
usuallv extends along the ventral surface of the 
aorta between the origins of the superior and in- 
ferior mesenteric arteries; it is sometimes called 
the chief abdominal paraganglion. 

The aortic paraganglia give a true chromaffin re- 
action (stain deeply with potassium bichromate); 
in this thev are like the adrenal medulla and the 
smaller chromaffin cell groups (paraganglia) asso- 
dated with the thoracolumbar portions of the svm- 
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(a) Human aortic paraganglia (organs of Zuckerkandl) 
(adopted from J. P. Schaeffer, ed., Morris 1 Human 
Anatomy, 11th ed., McGraw-Hill, 1953). ib) A section 
of the organ of Zuckerkandl, x600 f from V^f. W indlo. 
Textbook of Histology 3d ed. McGraw-Hill,**! 960). 


pathetic trunk and with the great abdominal sym- 
pathetic plexuses. Also, they have a preganglionic 
innervation, for chromaffin cells are actually modi- 
fied postganglionic sympathetic cells. Their func- 
tion, which they share with other chromaffin tissue, 
is to discharge epinephrine (adrenalin) into the 
blood stream in times of emergency. The aortic 
paraganglion of laboratory animals is said to con- 
tain less epinephrine per gram than does the adre- 
nal medulla, but this may be due partly to the 
greater amount of connective tissue in the former. 


Tumors of the aortic paraganglion produce the 
same type of paroxysmal hypertension charing 
tic of other chromaffin cell tumors, whether of |} )f 
suprurenul medulla or of the paraganglia assoi-i JU ,. ( | 
with the sympathetic trunks and plexuses. 

Glomus aorticum. These structures, known a , 
the aortic body or bodies, are perhaps better termed 
the glomus aorticum (glorni aortici) to agree with 
the official name (glomus carotimm) of the carotid 
body; or supracardial bodies, to distinguish thern 
from the aortic paraganglion. Before their nmr 
phology and physiology were understood these | Klt j 
ies were known as supracardial paraganglia. f,„ 
they were, thought to be chromaffin tissue. 

The aortic glomi are collections of epithelioid 
cells that occur in groups <»f varying size and \w 
largely in the connective tissue between the a^end 
ing aorta and the pulmonary artery; small 
of similar structure, to which the term aortic hodn«. 
was first applied, lie on the vagal (tenth cranial 
nerve) trunks about where these cross the right 
clavian artery and the arch of the aorta. 

Histologically, the aortic* glomi appear to he iden 
tical with the carotid body, although the ;e>iti< 
glomi of experimental animals arc* less an r**.ibk 
than the carotid bodies, and their cytolog\ ha* n.»t 
been studied as intensively. As in the carotid hml\ 
vascular channels are so abundant that the a«>rtu 
glomi resemble endoc rine tissue*, and nerve* fiV»»*r- 
ending on the cells are easily demonstrated. The-c 
fibers, derived from the vagus nerve*, have hmi 
shown to be afferent In both anatomical (dcj;rncM 
lion) experiments and by physiological mean-, ju-t 
as the innervation of the^arotid bcwly has been 
shown to be. In *h«»rt. the aortic glomi have the 
typical structure of a vascular chemoreceptoi. anti 
with the carotid bodies, form the largest known 
masses of such tissue. (The distribution of rheni- 
oreceptor tissue is not precisely known; the next- 
hest-known chemoreceptor is the glomus jugular* 1 
close to the dome of the internal jugular vein.) 

As chemoreceptor* of the blood stream, the aor- 
tic bodie* receive an abundant blood *upplv. Ih'*' 
are situated so a* to sample blood soon after it 
leaves the heart ( while the carotid bodies *ampk 
specifically the blood going to the head I ; the small 
arteries supplying them are derived in the adult 
from the coronary arteries (vessel* to the heart! «-r 
directly from the first parts of the aorta (as- end 
ing aorta or arch), although in the fetus and new- 
born they are supplied also by twigs from the pul 
monary trunk. Their function is essentially identi- 
cal with that of the carotid body: they air stimu- 
lated by lowered oxygen? content of the blood j" r 
ran be stimulated experimentally by poisons t »J f 
interfere with intracellular oxidative mechanism* i- 
and when stimulated provoke reflex hyperpnra c* 1 
creased respiratory m<*evnents) and iiurnw' 
cardiac output, thus tending to assure better ow 
gen at ion of the blood and better circulation *> ■ 
to the tissues. See Chkmobkckption. , 

Tumors of the aortic glomi, of the carotid ,0< _ ‘ 
of the glomus jugulare, and histologically M,TU 4 



|lim ,ir* occasionally found elsewhere, are often 
grouped together as chemodeclomas. In these 
liiishlv va.M-ular luniors, an epithelial component 
IT ,a\ be n,ore ,,r "Bvious, bul evidence of hv- 
,K»»fnmtion of such tumors is unknown. .See Ca- 
K oiii> »wn»V. | w.ii.h. | 

Apatite 

\ group of minerals showing a wide variation in 
. (imposition because of substitutions that take 
place between calcium I Cal. lead (Pb). sodium 
,\ a |. potassium f K I , and so on. between phospho- 
rus (P). arsenic ( A**), and vanadium (V l. and be- 
tween fluorine (F). chlorine (Cl), and hxdroxide 
,0H). This group is divided into an apatite and 
pumnorphite series. .See Pv mowoiumii i y. 

Apatite series. These minerals conform to the 
f„nnula Ca«, ( PO, I : ( F.CI.OII ) . Four end-member 
minerals are recogni/ed: fluorapatite. PO, I F ; 

• hlorapalite. Car, < PO , ) *f!l : hvdrow apatite. <'a v 
,|>0,) ./OH I : and carbonate-apatite. ('a 5 „( PO, \, r 
: ('() lU O, Fluorine, chlorine, and OH can sub- 
stitute inutuallv to form a complete mm ies between 
the end member minerals. 

Pr\stals of the apatite series (hexagonal sys- 
vm ) arc short to long prisms terminated bx dipxr- 
.iinids and basal pinneoids. Massive, granular, 
nbdml.ir. and other varieties are also «otnnion. C.ol- 
■ 'i - i;mge through shades of green, lilue. red. 
imiwn. and gra\. \patile al-o max be transparent 
!.. ii|i«opie. \pntife minerals max be fluorrsicnt or 
pliii^pli*'resceiil . 

\palitc. as small grains, is found in nearlx all 
i^neniis and metamorphi« rocks, in higli-lempera- 
•»■!»* Imliotlici null xcins. and in some iron ores. 
IVjimafitc veins max contain large rrx-tals. \pa* 
i He minerals constitute the bulk of marine sedi- 
irrnt.irx phosphate rock and fossil bones. 

Phosphate rock. Apatite of marine phosphate 
f"tk occurs «s cr\ ptocr vstalline grains and has 
■■••mi identified bx \-rax diffraction pattern*-. This 
x .tri«*i \ of apatite, a carbnnate-fhiorapatite. having 
< « .imposition (!ai.,(P0(.(]0 { |, F:.; between that of 
fbo»i apatite and carbonate-apatite. is called franco- 
'll' 1 when it occurs as re< ogui/abh* crystalline 
- r ‘*ins. Crx ptocrx stalline grains are c alled collo- 
i'iMne Marine phosphale rock contains a small 
■I'lanlit \ of uranium possjldx as a result of uranium 
'•‘pl.icing calcium in the rock. Src K\niov<ii\i* 
MINMIMs. 

In the geologic* past, phosphoric- acid, derixed by 
'“lulioii of rocks on land surfaces, has hern pre- 
1 M'liiiii'd by organic and inorganic- processes in sea 
v ' : ' ,, ' r i,s c'arlionate-fluorapatite grains, pellets, and 
nocfules in blanket like laxers on ancient sea floors. 

l':0-v content of marine sedimentarv rocks may 
J ar 'Ke from 1 to :W r ; bec ause clay. silt. sand, or 
,,n ' was deposited simultaneously with phos- 
'! \ dXfm mineral. Phosphate rock, in beds up to h ft 
1 1,1 k and containing as muc h as d.V; P-Or.. are 
a . Vs,M with black carbonaceous and phosphatic 
''He. fi n( | m i nor 4> hert. sandstone, and limestone 
“t^its. F n j| P <j Stales and North Africa are the 
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lar»j<.s| produrers. Phosphine rock is converted di- 
re I lv into fertilizers „ r i„ treated in electric fur- 
nin es to recover elemental phosphorus. .See Fkkii- 
"/> '«: I'iiosimiohi s. | w.r.i.o. | 

Aphanite 

An igneous roek in whieh the eonstituents cannot 
he distinguished h> the unaided eve. Aphanitie ma- 
terial may he minutely crystalline, or it may he 
kI.issv, Most lavas solidify so rapidly that coarse 
mineral grains cannot form: thus, volcanic rocks 
•ire ntiislK aphanites. Under conditions of slow 

**'»»»!. however, such as exist deep helow the 

earths surface, molten rock material (magma) 
solidifies to Ki\e plutonir rocks, with coarse grain, 
■such Msihlx crystalline rocks are called phanerites. 
■S. c Ii.vkoi s hocks. [<..\.f.\. | 

Aphasia 

I In* term which is used in clinical neurology to 
Mit'an impair rnent in the use nr comprehension of 
language without general dementia, paralxsis <»f 
the art ir ii la i »rx nuiM liN. or «ensorv los« sufficient 
In .icrount for the difficulty. Partial impairment 
max he railed dvsphasia. In right-handed people 
apha-ia nmM rornmonlv results from lesion in the 
left » erehral hemisphere: the relation of aphasia to 
Literal its of legion in left-handed individuals is 
coni roxei *ial. 

Individuals with aphasia var\ considerably in the 
telatixe predominance of particular a>pect< of 
language diflii ultx. Thus, either expressive defects 
U' in speaking and writing I or conxersely. recep- 
tive defects ta* in understanding speech and read- 
ing » max be the more conspicuous. There max 
be partial dissociation between particular kinds of 
difhcultv in ,l »« use of language, for example, be- 
tween apparent los« of words and confusion in 
word-formation and syntax. The tempo of speech 
max be abnormally slow or abnormally rapid. Dis- 
turbances in comprehension mav also take various 
forms: the h>s«. max be differentially related to re- 
ception through a particular sense-modalitv. or it 
max be proportional to the complexity of the ma- 
terial regardless of the sense-modalitv through 
which it is presented. Ser Agnosia. 

Such variations have prompted many investiga- 
tor* to view groups of defects as constituting dis- 
tinct types of aphasic and to attempt to relate each 
txpe to a particular s lt r of lesion. The trend toward 
localization of higher functions in the brain, initi- 
ated bx the teachings of F. J. Call, was given im- 
petus bx the claim of P. P. Broca that the critical 
lesion for speech impairment lav in the third 
frontal convolution of the left cerebral hemisphere, 
l ocalization of specific aspects of language was at- 
tempted hv C. Wernicke and others, who con- 
ducted diagrams of cerebral centers and pathways 
representing particular mental functions and the 
association between them. From these diagrams 
thex deduced the tvpes of aphasia which should fol- 
low given lesions. These deductions have not been 
confirmed empirically. 
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The problem of aphasia was reformulated by 
J. H. Jackson and by H. Head, who emphasized 
the need for careful study of the phenomena be- 
fore localization is attempted. Their observations 
suggested that aphasia is an expression of a disor- 
der which transcends language, yet fails to involve 
all of its aspects. Jackson differentiated between 
inferior and superior speech; he found that the 
aphasic patient in an emotional or strongly habit- 
ual situation could use words, phrases, and even 
correct sentences which were not at his disposal 
for rational communication. Therefore, aphasia 
does not appear to be an absolute loss of the ele- 
ments of language; instead, it may represent a loss 
in the power to initiate action voluntarily ( Jack- 
son ) or '*11 symbolic formulation And expression 
i Head 1. The defect is most apparent in speech, 
but may be detected in certain other activities as 
well. 

Subsequent investigations have provided evi- 
dence against the view that there are pure types of 
aphasia, for the more thoroughly each case is stud- 
ied. the more extensive the disturbance appears. 
The particular form assumed by the disorder may 
lie determined hv concomitant deficits ( motor, sen- 
sory. intellectual, or altitudinal) or by individual 
differences in acquisition of language skills and 
habits of thought. See Learning theories; Mem- 
ory. [J- semmes] 

Aphelenchoidea 

A superfamily of small nematodes resembling the 
Tylenrhoidea but distinguished from them by the 
pore of the dorsal esophageal gland in the poste- 
rior bulb. These soil nematodes range from free- 
living species of saprophagous, fungivorous* and 
predaceous habits, to obligate parasites of plants, 
commensals, and ectn- and endopararite* of in- 
sects. Scc.Nematoda; Parasitology, fit. k. welch] 

Aphelion 

In astronomy, that point at one extremity of the 
major axis of an elliptical orbit about the Sun 
where the orbit is farthest from the Sun. The Earth 
passes aphelion about the first of July, referred to 
as the time of aphelion passage. Because the orbit 
of the Earth is nearly a circle (eccentricity 0.017), 
the Earth is then only some 1,550,000 miles farther 
from the Sun than at its mean distance of 92.900.- 
000 miles. See Celestial mechanics; Orbital mo- 
tion. [r. l. buncombe] 

Aphid 

Any of several soft-bodied, small, pear-shaped in- 
sects, commonly called plant lice, which belong to 
the family Aphidae, order Homoptera. Aphids are 
serious pests on many plants, and often damage 
flowers, field and garden crops, and the young 
growth of fruit and shade trees by sucking the 
juices from tender growth, and causing it to wither 
and die. Aphids are very prolific, and have the 
highest reproductive potential of any known insect 
group. They are most numerous in tiie late spring 
and early summer, particularly in wef years. 
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Spring grain aphid, Toxoptwa graminum ; adult f ema j e 
1 .5 mm long. (From T. I. Stow and R. L. Usinger Gen 
era/ Zoology , 3d ed., McGraw-Hill, 1957) ° 

Although males and females mate to produce 
winter eggs, most generations are produced par 
thenogenetically. and are born alive; males of snm P 
species are unknown in warm climates. Theie arc 
both winged and wingless forms, the latter brin p 
the more common. Aphids excrete honeydew. which 
is a favorite food of many insects, notablv various 
ants. A few species of ants and aphids live to- 
gether symbiotically. See Homoptera. j j. u. hi.*, K j 

Aplacophora 

An order of the class Amphineura. Thi* group „f 
mollu-ks is also known as the Solenoguvtn>- T) ln 
are vermiform and lack shell plates; however. <\.l 
parentis spicules are present in the thick integ-. 
ment. The foot is absent or \e-tiginl and repre- 
sented bv a ridge in a ventral groove. Some -pc. ie- 
are monoecious; others are dioecious. Gills max be 
present or lacking. Examples of this group air 
Chtirtodrnnn , \enmenia, Pararhopalia. and /'/« 
neomenia. See Ampihnkitia. | r \\. mrun* 

Aplite 

A fine-grained, sugary -textured rock, generally of 
granitic composition; also any bodv composed ••! 
such rock. 

This light-colored rock consists chiefly of quart/ 
microcline, or orthoclase perthile. and *odii: plagi" 
clasc w'ith small amounts of muscovite, biotitc. or 
hornblende and traces of tourmaline, garnet, flu*' 
rife, and topaz. Much quartz and potash feldspar 
may be micrographically intergrown in cuneiform 
fashion. See Granite; Igneous hocks. 

Aplite** may form dikes, veins, or stringer*, gen 
erally not more than a few feet thick, with *haip or 
gradational walls. Some show handing parallel t»» 
their margins. Aplites usually occur within hodic* 
of granite and more rarely in the country rock sur- 
rounding granite. They are commonly associated 
with pegmatites and may cut or be cut bv ^ pegma- 
tites. Aplite and pegmatjfce may lie gradational or 
interlayered, or one maj| occur as patches within 
the other. See Pegmatit|L 

Aplites form in different ways. Some repre s en 
granite or pegmatite recrystal I »*ed a,on * 

fractures and zones of sharing. Others are of * 
somatic (replacement) Origin. Many h >rm w 
residual solutions derived from crystalling £ 
nittc magma (rock melt). If these fluids retain 
volatiles, pegmatites may form. If the volati es 
cape, a more viscous fluid may be create . * 
fine-grained (aplitic) texture may be deve 
See Macma; Metasomatism. [c. a. tHAI * 
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are mainly confined to deep water and sub- 
'P°° , . Cirripedia. These crustacean* btc ''"lar A species was taken by the Galalhea 

° r . ef „_4 attach by the preoral region. A man- expedition (1050 1052) in 5000 fathoms. See Apo- 

lacking * »be bodv is segmented; and an »'<•*•. HmomuRoioKA [imi-keli.] 

present. Appendage, are larking; the ApodiformeS 
1th is suctorial ; and both m.d- and hmdgm are ^ 


' „,h is suctonai; - - — - - 

I,n “ Antennules and cement ducts are present. 
« k ' n „r«ani»ms are hermaphroditic ami metuim.r- 

KTSta""- O'" 1 " D.™ .taM 'hi- 

j for a single species described from one 
•men parasitic in a pedunculate barnacle. No 
specimens have been found. Darwin justi- 

*5 S.S” *<• - 1 *■ 

lfd nre of antennules and cement ducts. How 

ifftCIH 1 / .i 1^* 


An order of birds containing two suborders which 
file thought by some authorities not to he closely 
related. Certainly there is little superficial resem- 
blan< e between the hummingbirds (Trochilidae) 
and the two living families of swifts (Apodidae and > 
llemiprornidae However, the wing structure 
and several other anatomical features *'Uggest the 
conventional classification. Among the more than 
r^ence ot amen....— . . MM) of hummingbird* is the smallest known 

. - the status of thi* order is < ou > u >m au e j |irr j t | lf> j )eP bumrningbird ( Mellisuga hclenae) of 
\L' rharucters, some not explicable bv degenera- This fam| j v , )rP( ]ominantlv tropical, is con- 

,1 due in parasitism, differ grcatlv from tW* "I ^ ^ ^ ^ W(trld Thc , rue swi fts , Apodi- 

dad. cm thc other hand, arc cosmopolitan. They 

arc perhaps ihe most completely aerial of birds. 
The habit of tree perching, absent among true 
swifts. ( haraetcrucs thc handsome tree swifts 
( Hemiprocit'. Iae ) . a small Indo-Malaysian family 
which also differs front the Apodidae in certain 
sine tural features. Sec Avis; Kiwi [k. • . csukesi 

Apogee 

The position most distant from F.arth in the orbit 
of a satellite, as in the orl.it of the Moon or of an 
artificial satellite. The Moon at apogee i* 5^, 
further fi"in Earth than at its mean; distance; that 
its orbital eccentricity is 0.055. .'tec Aph . • 
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'wsw-rirc c. R - * * Jr™* »/ 

Sub ^ss Cirripedia. 2 vols.. 1851- 18. I. 

Aoodacea 

. , ,,. 1<s of the Holulhuroidea. The tentacles arc 

'" t ndividcdl or pinnate. Thc tubc-fee, are 
n jtlurcl or. more usually, not present, 
^'^t 'r- »o re.ca.-Mc muscles, henc e the anterior 
of the lK.dv cannot be retrac ted as an intro- 

RiMHI* \ I MoI-PAOWA* 


^J^.f Apodacea. The usually worm-shaped or 

where they hide under coral or .tones. « « J r 
in mud or sand. Most spec arc . 

;rccii,i is most varied or. the archipelago, of 

“tmilie* may be defined: (1) ^; 
dae. with anchors in the sktn. Srnapt" mo fan 
.in intertidal tropical species which grows t » - 

• Wert. (2. 


Moon: I'miU.K. 


|». Kl II'FR] 


Apophyllite 

\ hvdrons calcium potassium silicate containing 

fluorine The composition is variable but approw- 
fluorine, u i ( Q j, closely resem- 

bie- ihe’/eedite- with which it is sometimes cla.se 

W- !** JheSlos- 

^ n.inei.1 ^ 

separation of m >« , o( reen . y cl- 


t itreons luster. W mav <bow the 

I, na ture contains Si-0 layers, yvldch ac 


: i^h (2V Chhid^tidae. with 6-spokedwJtee s , c.eavige of the min- 

which mav or may no. have +~*+****~ tl a’ a secondary mineral m onies in 


»lw-h mav or may n<u nave: * 

are mainly southern genera. Cfitr* 1 °' n ’ „ r i»tro- 

pie. 13) Myriotroehidae. exemplified h> . 

'hut. with wheel* which have 8 or more p 


ebexo 



hardness 45- a “ n ^ <>h a thr birefringence 0.002- 

Aporidea certain composition 

An order of , . a,,e " ns e r ifor m birds- The scolex 
and affinities, found i . an _ ^ roste llum 

mav lack suckers and hnyc onty an d a 

W?th hooks, or it may have, four large ^ ^ 


101 Typicol oppaoronc# of opodoui ho *® ,h ^ hM | 
^ Anchor and anchor-plolo of Synaptl •• 

* ChirSdotidoo, id) Who#! of Myrlotrochldoo. 


ith hooks, or it may 1 sma \l hooks*. The 

complex ^rrS^egmcntation. although 

small cylindroid hnd * { se rial arrangement 

some specie* have an »mer duflWe ducts 

0 f reproductive organs. LacK 
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and openings to the outside prevents cross fertiliza- 
tion between strohilae. The life cycle is unknown. 

Nematoparataenia , one of the two genera in this 
order, has a glandular rostellum; its hosts ore 
swans. See Axsf.rieormks: Cestoda. 

fa. s. freeman! 
Bibliography : R. A. Wardle and J. A. McLeod. 
The Zoology of Tapeworms , 1952. 

Apostomatida 

A little-studied group of ciliates comprising an 
order of the Holotricha. The majority occur a* 
commensals on marine crustaceans. This associa- 
tion is generally more intimate and complex than 
that of the chonotriohs found on related hosts. 
Their life histories may become exceedingly com- 
plicated, and they appear to hear a direct relation- 



Foetfingeria, on example of on apostomatid. 

ship to the molting cycles of their hosts. Apostorne* 
are particularly characterized by the presence of 
a unique rosette in the vicinity of an inconspicuous 
mouth opening and the possession of only a small 
number of ciliary rows wound around the body in a 
spiral fashion. Foettingeria (see illustration) is an 
example commonly encountered. .See Holothich a. 

[j. o. cormss] 

Appendicitis 

An inflammation of the vermiform appendix. This 
is the most common condition requiring abdominal 
surgery in the United States. Inflammation may re- 
sult from bacterial infection following obstruction 
of the lumen by impacted feces or other causes. Al- 
though most often seen in young and middle-aged 
adults, appendicitis may also occur in the very 
young and in the elderly. The normal bacterial in- 
habitant* of the gastrointestinal tract gain access 
to the wall of the organ either through penetration 
of the mucosa or by way of vascular or lymphatic 
spread. Acute swelling, congestion, and edema en- 
sue if no natural or surgical relief occurs. This may 
be followed by actual necrosis and gangrene, result- 
ing In a ruptured or perforated appendix and the 


development of peritonitis, abscesses, or fivt„i as 
See Peritonitis. s 

Since the advent of belter diagnostic methods drj( j 
the availability of antibiotics, the incident s n f 
vere complications has decreased grcutK s> 
Antibiotic. 

Occasionally, appendicitis is associated with |j lfl 
presence of worms or other parasites, or with i n 
flummatorv changes in neighboring ij*si„, s 

Pakasitoi.ogy. mmucai.. 

Chronic appendicitis, as an active low j n 
fection. is rare, but sc arred and obliterated a|»p ni 
dixes are seen quite often. This condition m dx |„ 
the result of previous inflammations or age rlinngrv 
because the appendix normally loses its l\ in |do,id 
tissue with an increase in conned jxe-tissue , 
nents. See C asihointksmn \i trait Wsomn ns. 

I mi \rn | 

Appendix 

A narrow, elongated tube closed at one end. extend 
ing from the cecum, the first part of the large w. 
testine. It is found principally in ceitain uiamn><ih 
The size and derailed structure of the appendix 
var\ markedlx, depending on the specie* lil!( l j},, 
age of the individual. 

In man. the inner lining tmurosji of tin- i ;.|.i n 
dix is continuous with tin’ remainder of the d*-, . 
live lining. In young person* the glandular cpiili#* 
limn is surrounded 1>\ » luTei* of Ixmphoid |«>||i. 
that tend to rcgrr*s with age. The m»\i lavti is 
smooth muscle coat which, in turn, i* sumiimimIh; 
l»v a conneetixe tis*ur coat, the oiilrriimq p.i 1 1 In 
ing i' ox e red with peritoneum. 

In humans, the appendix i*. ti*u,ill\ about r: 
in length but xaries greatlx in both *i/e and it- -(■» 
ciftc location in the right lower abdomen. It: n« 
dents, the appendix i* pioportinnateK nun : 
longer: ihi* is a^uim'd J>\ some per-on* to l» .e 
sociated with the herbivorous dirt of these arumd- 



Junction of ileum ond c<|Mon of man, showing ceCU " 
and vermiform appendix. <. (From C. K. Weichert. hn° 
o my of the Chordotes, 2d ed., McGraw-Hill, 19 


The exact function of the appendix is 1 l,n 
and it ia considered to be a remnant of a ' 
nf the digestive tract which was once mot* 1 11 ^ 
tional and i* now in the procea* of evolution**-- , 
gre*Mon. See Digestive system. I E * c - >T 



Apple 

IVappI**. Mai us tlomvstim . also designated Mains 
main*' Mains sylvestris , Mains pomila , and /V/ja 
iwfi/us* is a ,,utivf ' ewst, “ ,n Europe. Apples wert* 
„ n ,vvn hy the (Greeks as earlv as the fourth century 
l mlm Sre FkI’IT (BOTANY). 

fairly explorers ant] settlers from Furopc 
brought the apple to North America. Although 
curly apple trees developed front sri-d. 
^rafted varieties were known bv tin* middle of the 
srxenteenth eenturv. From 18U) to 1900 in the 
I'nited Staler a few superior tv pew were -rioted 
f u t cultivation from thousands of -eedlings which 
grants up. However, it was not until 1920 that m i- 
er, t ifit’ plant breeding began to *upplv varieties „f 
recognized commercial worth. »#■ Hkimmm. 
ip i or). 

Distribution in North America. The apple i- the 

mo s( cosmopolitan of the deridtmu* tree fruits, hut 
it doc* not grow well in regions having either long, 
but ^winners or temperatures below - 20' F. Piin- 
, ipal ap|de areas in North America are Nova Sco- 
ti;i. the Niagara Peninsula, and British Gdumhiu 
in Fanadu: other areas are in New F.ngland. the 
(llumiplain and Hudson Valievs of New York, 
vu'stern New Y*oV the Shenandnah-I iiimber laud 
iirj western Michigan, limited areas in Ohio. Illi- 
i,uk Indiana. Missouri. Tennessee, and Wisconsin, 
md the western states, notaldv Washington. fol- 
lowed l»v California. Oregon, anil Idaho. 

Propagation. Scions of desiied varieties are hud 
d«d or giafted onto seedling rootstn. ks grown from 
mt( 1 of native apples of Knrope. such as French 
O.ih. or of varieties such a* Delicious. Koine. 

Wmc-ap. anti M«lnto*li. Srr Hi dimnu: I.rmiim. 

•U I'l.lMs; lUr RODI t NON, f*| \M ; Hoot HUM- 
i. Trees are planted 35 ft apart for the -mailer 
mwing varieties such a* Horne, and 10 15 ft apart 
•r die larger-growing varieties such a* McIntosh, 
lie apple will succeed in almost anv tvpe of soil, 
jt it dues best in a clav loam IS 20 ft in depth. 
Hie apple mav he dwarfed bv propagating upon 
fcarfing apple rootstocks, such a* the standardized 
•••Mocks from Ea«l Mailing. F.ngland. Fast Mall* 
!|i IX produces garden frees about h ft fall that 
u ' be planted 8 10 ft apart and which hear fruit 
v '-.ir or two after planting. Fast Mailing Yll pm- 
ihcm a tree about the size of a peach tree, and 
Mailing II produces one slightly larger. Thev 
rr planted 20 ft apart in rows 25 ft apart. The 
r *dt union must he placed above the soil level for 
*arf trees or the scion may root and the dwaif 
luraeter of the tree lost. 

Cultivation and disease control, (dean cultiva- 
! ,,n of undergrowth I was the accepted prac- 
l,f ’ ^' r the apple in most commercial area* of the 
' nr l«l until about 1020; since then sod mulch ha<* 
Popular. An exception is the British Isles. 
S , Prp (Pass cultivation is practiced in orchards, 
^mmercial nitrogenous fertilizers are applied ac- 
to the vigor of the tree at the rate of ap- 
innately V A )b of nitrate of soda, or its equiv- 
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al< nt. per \.-ar of li.-,- ago. In the older commercial 
J I 1 *’ ' "' , ,l .‘ ,ns - nitrogen is supplemented with com- 
l"le teinli/er containing potaosiiim. calcium. 
7"7 m ' phosphorus plus trace* of such 
<> icr elements as manganese, horon. and zinc. See 
•mm.i/i.R: IYant. minmui.s ksm-.ntiai. to. 

nse,ts and diseases may he effectively con- 
Uollci l.see Fi nusiat AND MiNCICIDF; InsKCTI- 
<m '• S f r;u '•ipiipment i« commonly of the high- 
speed. air-hlast type; however, some application is 
made In airplane. .Sec Fni n (TRKKI disk asks; 

I l-AN I IMst.ASh UIMRO,.. 

Filher I 'e.'ir whip.. or 2-year-old trees are used 
for planting. The newl\ planted tree is set with the 



spur and 
fruit bud 


Apple, Malu s domestica. (From L. H. Bailey , ed.. The 
Standard Cyclopedia of Horticulture , vol. 1, Macmillan, 
?937> 


hud union an inch or two below the ground level 
for nondwd’f tree*. Whip* should he cut hack 
i headed i to about 30 in. above the ground. Two- 
\ ear-old lnr< are cut hack rimilarlv. and the later- 
al- headed hack to 12-15 in., leaving four to five 
well -pa< ed lateral to form the scaffold branches. 
The modified « « utral leader tvpe of tree i* pre- 
ferred. In this tvpe the central leader is permitted 
to grow to a height of about 6 ft. and then removed. 

The framework should he established during the 
first 2 or 3 vear*. aftc. which time verv little prim- 
ly -hould he done except to remove crossing and 
rubbing branches and those obviously misplaced or 
dead. 

Production trends. Prior to about 1935. large 
tonnage was the goal of commercial orchardists. 
hut since World War II the demand has been for 
well-colored, high-quality fruit. This demand has 
resulted in a trend toward pruning to keep trees 
open and permit penetration of spray and light, 
even at the expense of reduced tonnage. The size of 
fruit is improved by blossom ihinning with chemi- 
cals such as naphthalene acetic acid which is also 
used prior to harvest to prevent preharvest drop 
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and improve the color of the fruit. See Plant hor- 
monks. 

Mechanisation. The apple industry is highly 
mechanized. Power hole diggers, power pruncrs, 
mechanized pruning platforms, fork lifts, bulk han- 
dling in 18-hushel boxes or larger, and mechanical 
dumpers and graders are used I see Agricultural 
maciknkry). The fruit is placed in refrigerated 
storage both at the point of production and at ter- 
minals. Temperatures of 3 1-32° F are desirable for 
some varieties such as Delicious, whereas 34-36° F 
are better for varieties such as Jonathan which may 
develop storage disorders at low tempcrat ures. By 
controlling the amount of carbon dioxide and oxy- 
gen in air-tight refrigerated storage (controlled- 
atmosphere storage), the keeping quality may be 
greatly improved. See Food preservation. 

Economic importance. Leading varieties in North 
America are Delicious. McIntosh. Winesap. Stay- 
man. Col den Delicious. Jonathan. York. Northern 
Spy, and Rome. Winter varieties constitute 85 r ? of 
the crop: fall varieties. 11 : and summer varie- 

ties. 4^ . In 1955 commercial production in the 
t'nited States was 105,293,000 bushels, of which 
the state of Washington produced 28.600.000 
bushels. The price per bushel to growers averaged 
$1.95. See Fruit (trek). [h.b.t.] 

Bibliography : See Agricultural science 

i plant). 

Apraxia 

The term which is used in clinical neurology to 
mean an inahilit> to perform certain acts despite 
the absence of complete paralysis of the muscles 
involved or severe impairment of kine^theM*-. Com- 
plicated skilled acts are most affected. However, 
even simple movements, such as protrusion of the 
tongue or deviation of the eyes, may be impossible 
except in contexts where they are highly automatic. 
Apraxia is caused by brain damage; although there 
has been much speculation about the locus of the 
causative lesion, the evidence remains inconclusive. 
See Kinesthetic sensation. 

Several forms of apraxia are usually distin- 
guished. The lowest order apraxia is called limb- 
kinetic or motor; the intermediate form, ideoki- 
netic or ideomotor; and the highest form, ideational. 
Limb-kinetic apraxia refers to a loss of coordina- 
tion usually affecting one upper limb only. Gross 
movements may be performed fairly wall, whereas 
fine individual movements of the fingers are lost. 

Ideokinetic apraxia presents the classic feature 
of this disorder, namely, a dependence of the abil- 
ity to perform given acts on the evocative situation. 
For example, the patient cannot make the military 
salute on command or in imitation, but can raise 
his hand to his head to ward off a blow. One or 
both hands may be affected. Ideational apraxia is 
supposedly a loss of the ideational plan governing 
a series of acts directed toward a goal. The patient 
may perform the component acts correctly, but the 
order or the objects utilized may be inappropriate. 


Other disorders to which the term apraxia |», 
been applied include constructional, or n p,j ( 
apraxia and apraxia for dressing. The patient Hit 
constructional apraxia fails to represent sp al j 
relations correctly in drawing or construction jj 
other means. Visual guidance of the act is * au | j 
be at fault. Apraxia for dressing refers to ditli, u |, 
in putting on clothes in their proper relation t 
parts of the body. 

Although the disorders described above are d 
conventionally viewed as forms of apraxia, it mh,, 
likely that they represent disturbances of quite ,Jj 
ferent functions and hence should not be sub.,,,,,,, 
under the same term. Limb-kinetic apraxia pn.L; 
hly results from minor degrees of paralysis an 
sensory impairment; ideational apraxia seem* i 
be an expression of general dementia; ronshu, 
tional apraxia and apraxia for dressing ma\ „ 
fleet disordered spatial perception. 

The nature of ideokinetic apraxia (apraxia i 
the strictest sense) is obscure. Research diieitr 
toward understanding this condition, and tit. )< 
sion necessary and sufficient to prodin c it. mig) 
reveal much about how motor function i- i»jm 
sented in the brain. See [.earning iiimirik-. \|n 
OR Y. f .1 -I 

Apricot 

The stonefniit Prumts nrrnenUica native to (’Inn. 
from which eountrv it spread across southern h 
rope to the Lnited States. Although the tm \ 
slightly hardier than flu* peui h. it bho-om- *m*I 
and i« susceptible to damage from spring fm-i ,m 
winter killing. Therefore culture b limited In In- 
protected spots and to region* where winter t»n 
peratures do not fall below —10 to -H Y II' 



v‘ v 


Apricot, Promts armenidpa, (from L. H. Bailey* J 
Standard Cyclopodia of Horticulture, vo /. L M° cml 
1937 ) 



| rl ,it is nearly smooth, yellow or orunpe, u n ,l ,. x ,-|.|. 
| eM t for eating raw as well ax for canning and dry- 
ing- -S>r Food m aphjeacniwno. 

Propagation and economic importance. The 

ir res are propagated l»v budding on seedlings of 
ipricot. peach, and myrohalan plum (are Bi'i>- 
i, ini, I. They are set 2d ft apart in the orchard and 
jrc usually clean cultivated ( free of undergrowth I. 
Commercial production in North America (208,(KX) 
ions in 1957. with returns to growers of $101 per 
l„ n ) is confined mostly to California, with some 
plantings in Oregon and Washington. Cultivated 
varieties are Moorpark. Blenheim. Royal, Tilton. 
Newcastle, and Wiggins. 

The Japanese apricot. I 'run iis mumr. is a favor- 
ite in China and Japan, both as an ornamental 
tree and for its fruit, hut it is little known in the 
Cniteil State*. [h.u.t.] 

Apricot and almond diseases. TllCSC two do-clv 
related fruits are affected bv main of the <ame 
di-ea-es. The almond. Pruntis am\jtdalus , i- a stone 
fruit in wliirli the seed is eaten instead of the flesh. 
S\v \l MOM). 

Even under relatively arid condition*-, brown rot 
united hv the fungus Monilinui lata is a major 
problem. Losses result from blighting ttf the blo«- 
>i»m- and twig-- in spring. Before the hud- open. 
,i Mtlution containing monocalrium ar-enite iv 
graved on the apricot trees, and -odium penta- 
. hltunphemilc i* sprayed on the almond- t«# control 
flii' di-ea-e. For additional protection. -pra\s con- 
taining copper compounds arc used after the buds 
o(i«-ii. Nee Ft ni.imat \ m> > t Ncirmr. 

The fungu- Corwirum brijrriru kii . eau-irtg pu-- 
tolar -pot or eorvneum blight, defoliate- the trees 
and -pot- the fruit. Thi- -erioii- di-ca-e i- eon- 
milled In -praving with copper fungicide- during 
die dot mant period. .See Fi nci. 

Ihieterial canker, caused hv Pseudomonas svrin - 
and the fungu- root rot*, cau-ed h\ Armillaria 
null,>,i and Dematophora neratrix. are other de- 
“Inji tive disease-. No effective. economical control 
measure- are available for the root rots. See Bu- 
ff Rl K. 

The vim* disease*. ring pox, almond calico, and 
ihAe hud failure, affect commercial production In 
reducing the -i/e and quality of the crop. Kcinoval 
"f a fleeted tree- and use of hud wood from vim*- 
free tree- retards the spread of these virus dis* 
See Fruit (tree 1: Fiu-it <trff.) disuses; 
^ UN ‘r disease control; Plant vines, (j.c.nt.) 

Apsides 

^ ‘iMronomv. the two points in an elliptical orbit 
‘..at arc closest to, and farthest from, the primary 
about which the* secondary revolves. In the 
° r bd of a planet or comet about the Sun. the ap- 
i s ar e respectively perihelion and aphelion. In 
* ,p ° r bit of the Moon, the apsides are called peri- 
? pp am * «pngee, while in the orbit of a satellite of 
’Muter, these points are referred to as perijove and 
a l H ‘jnve. The major axis of an elliptic orbit is re- 
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burffl t„ as the line of apsides. -See Celk 
< hank.s; Oriiitai. motion. 


STIAL MR- 
| R.I..D.] 


Apsidospondyli 

A t< rrn joined t«, include, as a snh< la«s. amphibians 
wh,,h thp vertebral centra are formed, in eon- 
fa. t wit 1 the. lepospnndylous type, from cartilagi- 
nous an hr«. I he major apsidospondyls are the 
members of the important extinct superorder Lab- 
yi ml mdnntiu. flu* ancestors of the modern frog* 
an toads i Anuru ) may have had vertebrae of thi- 
I \ pe. Srr I -ARV KIN hiodontia : Lepospondyi.i. 

[ A.S.R. | 


Apterygiformes 

\n order of birds containing the single familv 
Xptervgidae. the kiwis of New Zealand. There are 
three living specie*. all cpiite similar in form, of 
which the largest is the common kiwi ( Apteryx 
australis i. Kiwi- are nocturnal and hunt for worms 
and other invertebrates by probing w r ilh the long 
bilb I be no-tril- are situated near the tip of the 
bill- No other bird- are known to depend primarily 
on the -cn-i of smell for feeding. The wings of 
kiwi- are ve-tigia! and the leg- are relativelv short 
but powerful. The kiwi egg. the largest known in 
< oinpari-on with the parent, weighs as much as one- 
quarter of the weight of an adult female. Incuba- 
tion i- performed b\ the male and lasts a full 80 
da\-. Ilie order i> thought to be most nearlv related 
to the extinct moa- < DinornithiformeO . also of 
New Zealand. Srr \\ r.s. [ K.c.p.] 

Apterygota 

\ -uhcla-s of the fn-eeta characterized hv being 
primitive|\ wingless.. While a w ingle— condition i- 
c«*mtuon in the other subclass, the Ptervgota. such 
wingless f»>ri»i- are more closely related to and 
de-cended fro.* winged forms. Young Aptervgota 
do not change greatly in their metamorphosis to 
adults. othe r than for changes in the proportions of 
structures, and in developing sexual maturity. Al- 
though their relationships to each other are not 
dearly understood, four orders are included in this 
siilu la—: Prntura. Gdlembola. Diplura. and Thvsa- 
nnra. Earlv classifications combined the Diplura 
and Tin samira under the latter name, but they are 
quite dissimilar in basic structure. See separate 
articles on the orders: srr also Insecta: Ptkry- 
c. OT k. [h.r.mi.1 

Hibliograph > : H. h. Ewing. The origin and elassi- 
ficatioii of the Apterygota. Proc. Entomol. Sor. 
ft ash.. 14:75 98. 1942. 

Aqua regia 

A mixture of one part by volume of concentrated 
nitric acid and three parts of concentrated hydro- 
chloric acid. Aqua regia was so named by the al- 
chemist* because of its ability to dissolve platinum 
and gold. Either acid alone will not dissolve these 
noble metals. Although chlorine gas and nitrosyl 
chloride are formed as indicated in the following 
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equation, the oxidizing properties of aqua regia 
are not believed to be increased. 

HNO a + 3HCI Cl, t NOCI + 2H,0 

instead, the metal is easier to oxidize bemuse of 
the high concentration of chloride ions which form 
a stable complex ion as illustrated with gold in the 
following equation: 

Au 4- 4H* + NO» 4- 4CI -* AuCl* + NO + 211*0 
.See Chlorine; Gold: Nitric aciii; Platinum. 

| F..K.WR. | 

Aquarius 

The Water Bearer, in astronomy, a large zodiacal 
constellation visible in both summer and autumn. 
Aquarius is the eleventh sign of the Zodiac. To an- 
cients. the constellation resembled a man pour- 
ing a stream of water from a jar. Pour stars ar- 
ranged like a Y form the head of the Water Bearer. 
The stream of water flows into the Fish’s Mouth 
(Fomalhaut i in the constellation Pisces Au*trinu* 
(the Southern Fish). Fomalhaul. bright and soli- 
tary in this part of the sky. is one of the relative!) 
important navigational stars. From earliest time 
this constellation has been associated with water, 
probably because the Sun is in it during the 
rain\ season «•£ February See Constellation. 

l«vo-l 

Aquifer 

A body of rock that will yield water in Millie lent 
quantities to he of significance as a source of water 
supply. It is s\ non vinous with the term water-bear- 
ing formation. There is no precise definition of the 
quantity of water that a formation must \ield to lie 
classed as an aquifer. In some, regions a formation 
that yields only a fraction of a. gallon per minute 
to a w'ell is classed as an aquifer: in other regions, 
where there are formations that yield several hun- 
dred or several thousand gallons per minute, a 
formation yielding 1 gal min or less would not he 
classed as an aquifer. See Ground water. 

Aquifers differ widely in shape, areal extent, and 
thickness. Among the most productive are the sand 
and gravel formations of the .Atlantic and Gulf 
Coastal Plains of southeastern United States. These 
layer* commonly extend for hundreds of mile* and 
may be several hundred feet thick. Also high!) 
productive are some of the deposits of Mind and 
gravel washed out from ihe continental glaciers in 
the northern United States; the outwash gravel de- 
posits from the western mountain ranges; certain 
cavernous limestones such as the Edwards lime- 
stone of Texas and the Ocala limestone of Florida. 
Georgia, and South Carolina; and some of the 
volcanic rocks of the Snake River Plain in Idaho 
and the Columbia Plateau. [ a.n.s.] 

Arachnida 

A class of the subphylum Cheticerata in the phylum 
Arthropods, which includes the scorpions, spiders, 
ticks, mites, and other lesser known forms. The 


Orders of the Arachnida* 


Order 

Common name 

FxainpG 

Scorpionidu 

Scorpions 

Ve juris *l>iniyrrn * . ^ 

Ainhlypygt 

Tailed whip 

Cenlruroides srulplun,t liK 

Anmlhophrynua enruHuttis 

l ropygi 

scorpions 

Tail loss whip 

XtastigoftrorluH giiinnhm, 

Pal pig rad i 

scorpions 

Ptdpigrads 

Prokoenmitt sp 

\rntieae 

Spiders 

l.utrodrrtus marUuis, 

Solpugidu 

Sun spiders 

II v cost t yulom; \hru t ,j„ 
ttnmn tin 

Errmohates fmlUpt s 

Pseiidoseor- 

pionida 

Tah* scorpions 

('hrltfer runcnmlts 

lliririiilei 

None 

(TVfifostrtnmu sp. 

Pludungida 

Harvest men 

Phnlnnyium rmernnn 

\carina 

T icks and mile* 

7 'rum him hi til frnhh «/*■* , 


Sarrofites snihpi; hrrnm 
rrnfnr niriahiltx 


• Sec separate articles on each order 

member* of thi* group are characterized |,\ (<mii 
pair.* of thoracic appendage*. Ke*piration G imi 
all) h\ tracheae or lung hook*, and gilG are |.i< k 
ing; the e\e* are simple (ocelli I : cheliceiar ;u,.| 
pedi palp*, which are usuallv *en*orv. are |iir*ent. 
and the member* ot thi* group are chieflv terrr* 
trial. See Cmm krai a. • n « 

Aragonite 

A mineral species of calcium taihonale hut with 
a cr\*fal structure different tiom that of vatmi.- 
ami calcite. the other two pol\ morph* of the -:irn» 
composition. Strontium ami lead are *ome!im*- 
substituted for *ome of the cab i mu in aragomh 
Aragonite is much le** common than cahitc nul 
under atmospheric rondition* i* meta*tahlc wiiM 
respei t to calcite, to whi< h it i* fiequeiilK p.wlull’ 
inverted. Complete inversion tan he etTn ted G 
boiling powdered aragonite in water. In all of ii- 
nccurrences, aragonite i* a low -temperature, w\n 
surface deposit. It common)) occurs a* slalachte- 
and stalagmites in limestone cavern* and a* *rr.»ml 
an growth* in < avitie* in ro< ks containing calcium 
hearing mineral*, \ragonite with some calcite *'*»» 
stitutes the substance of pearls. It G a Go pt»‘**-iit 
in the hard parts (shell* I of some fo**iG. pelm 
pod*, and gastropod*. See Paleoli oi.im.y (»*h» 
( lit MIC Al. ASPECTS) ; see nUn G AsTHOPOPA : V\ U<l 
PF.f.F.O PODA. 

Aragonite is found in many localities t hrough 
out the world. In ihe Unite*! States fine crystal* 
sociated with calcite and cfru*sitc are found in (b r 
Magdalena district, Socorro County. New 

Aragonite has orthorhombic .symmetry and •* 
structure in which the calcium atom* are api )r,,xl ' 
mately arranged as in hexagonal close parking. In* 
CO* groups fall into two sublayers between the la' 
p-s of calcium atoms. Single crystals are often 
malic, short, or elongated, and frequently twinne 
They commonly have a hexagonal outline. 

When pure, aragonite Is white, but imput 1 * 1 ^ 
may induce a variety of tints such as B rH Y s ' 
greens, and pinks. 



Hardness is 3Vtr 4 «>n Mohs sea It* and specific 
giavily i» 2.947. Aragonite may In- precipitated at 
HO'C by adding a solution of calcium chloride to a 
solution of sodium carbonate. .See Cakhonaik mi\. 
KKAI.S. I IM.lt. I 

Aralcs 

An older of the plant subc lass Moriorotvlcdoneac 
inc luding two families: the amid larnilv I \ra. eaei 
with 105 genera and 1500 spec ies. mo*tl\ tropical: 
it nd the duc kweed familv ( l.etniia« e.ie ) having \ 
genera with about 10 specie*, occurring in fresh- 
baler habitats throughout muc h of the world. The 
aroid* are of di\er*e habit and appearance. Tlirv 
unhide the spathr-hearing plant*. Here belong 
I nth n ri tint (the largest genus I. sweet flag i Icarus 
whinin'*), skunk cabbage. Mnnstcm, l*hi/<ulm- 
tltun , dasheen flaroj. 4 rum . ja< k-in-tlic-pulpif. 
k .iter-lettuce. and many other*. Seveial aroid* aie 
u^rd a* food, some in medicine*. and many are 
papular as eonservatorv plant*. 

Duckweed* are -mall, ftee- floating water plant* 
v% it hi w it *teins or leave*. The plan! Iiodv i* a *m.ill. 
.»\ ul «»r oblong, flat or gbd»o*e. green tliallijs. with 
i.r without root*. The specie* II ol/hu anhtza. 1 2 
mm long, i* the *mulle*t known flowering plant, 
ve I) \*nr f > ; stt (l&o Kmhhyociiv i \ : Mommoi- 
miiiomai: Ih am kim.ihim. h*.i> *. 

Araneae 

\ natiual older of the eld** Anolmidn. cornmonlv 
fcnnwn a- the*pidef*. The*e animal* arc* widespread 
■ ■••er mo*l of tin* land area* of the world, and are 
mil adapted to main different habitat*. Thev are 
known to he* one of the olde*t of all groups of nr- 
ihmpocl* and their remain* arc* known from the 
Devonian and (larbonifernu* geological depo*its. 
Ilumigh *m ee**i\c» geologic al pel iod*. *pider* have 
Iniuinr adapted to use in*ec|* a* their chief 
'•"•it* e of food. On the other hand, c ertain inserts 
‘»n*uine the egg* <d *pider*. other* para*iti/e the 
'^*. and *till others capture adult* and plac e them 
Hi their nests for food for their young. 

Morphology. Spider* have hut two subdivisions 
"I the body, the eephalothornx and the abdomen. 
lf, ined h\ a slender pedicel (Fig. 1). All parts of 
die hodv are covered In rhitinoiis plates which of- 
t'‘n extend into c urious outgrowths *uoh a* spine*. 
* 1,,r ns. tubercle*. and other struc ture*. Onlv *irnple 
paired eves, ocelli, are present with the number 
•arving from eight, the rno*t common number, to 
tumr in a few species inhabiting lightle** habitats. 
Hte first of v,ix pairs of appendages are termed the 
‘Micrrae or jaws (Fig. 2). each of which consists 
a stout basal segment and a slender distal fang. 
^ prison gland is usually associated with the basal 
s,, mnr*nt and the related du« t open* near the distal 
^ of the fang. A few spiders have lost their poi* 
s,,n glands through retrogressive evolution. The 
vv, >nd pair of appendages is the six-segmented 
pulps, simple organs of touch and manipula* 
djm in the female, but curiously and often com- 
tnodified in males for use in copulation. The 
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fang v 

scop u la 
of maxilla* 


endite! 


retromorginal 
teeth of 
chelicera 


labium 


lorum *P‘gynum 
of pedicel Ask M. 

lung 

epigastric 
furrow 


ternum 


anal 

tubercle 


anterior spinnerets 
median spinnerets 
posterior spinnerets 



spiracle 


posterior 

spinnerets 



f endite 
paturon of 
chelicera 


anterior spmnerels 
median spinnerets 1 


Fig. 1. Morphology of o spider, la) Dorsol aspect, 
fb; Ventral aspect, (c) Lateral aspect. 'From 6. J. 
Kaston , How Jo Know the Spiders, Wm. C. Brown, 
7 953 j 


h»ur pa ir* ul t;* iracic leg* consist ot *c\en *eg- 
merit* each, with considerable variation throughout 
the order. Toe spination of these appendage* to* 
get her with their relative length*, associated sense 
organ*, terminal claw*, and other structure*, i* all- 
important in classification and in their adaptation. 
Ju*t in front of the genital opening in rno*t female* 
there i* a more or less specific and often elabo- 
rately formed plate, the epigynum. This organ i* 
al*o of importance in classification and in the 
reproductive activities of the female. The opening* 
to the hook lung* m ually oc cur anterior to the 
* pigynum. In mo*l ol the true spider* internal 
breathing tubule* ulso occur with ventral opening* 
po-lerior to the genital apertures. Distinctive 
paired ventral spinnerets occur near the posterior 
end of the abdomen. The*e varv in number from 
four to eight, eight being the must primitive con- 
dition. In certain families a sievelike plate lies im- 
mediately anterior to the foremost spinnerets. 
From thi* plate, the cribellum, a special kind of 
banded *ilk i* extruded and used in conjunction 
with a comb on the fourth legs. The spinnerets and 
cribelluin are directly associated with several type* 
of glands located in the abdomen and responsible 



498 


Arantot 


median ocular ar*a tibia aatftlla 



Fig. 2. Spider, (o) Front view of face and chelicerae. 
(b) Pedipaip of female, (c) Leg. (From 6. J. Kaston , 
How To Know thn Spiders, Wm. C. Brown, 1953) 

for the production of the different types of silk 
characteristic of these animats. 

Silk. Silk produced by spiders is a seleroprntein 
which is fine. light, elastic, and strong. At present 
it is used industrially only in the muking of crons 
hairs in optical instruments. This use is diminish- 
ing as metal filaments and etched glass come info 
more common usage. In addition to the attracts e 
orb webs, these animals also construct sheet webs, 
funnel webs, tube webs, and reticular webs. The 
spider’s reliance upon silk extends its use to the 
making of egg cocoons, sperm webs by males, molt- 
ing sheets, gossamer threads for ballooning, at- 
tachment disks, lining for burrows, hinges for trap 
doors, binding for captives, retreats, and drag 
lines. 

Classification. No general agreement exists at 
present among araneologi«ta concerning the classi- 
fication and exact arrangement of the families of 
spiders. A. Petrunkevitch (1939) recognizes 5 
suborders: Liphistiomorphae containing only 2 
families with a primitively segmented abdomen, 
and restricted to regions in the Eastern Hemi- 
sphere; Mvgalomorphae with 8 families; llvpo- 
chilomorphae with a single relict family native to 
the southern Appalachian region: Dipneumono- 
morphae with 48 families; and finally the Apneu- 
monomorphae with 3 families which lack the l»ook 
lungs and represent the most highly modified mem- 
bers of the order. There is now a tendency to in- 
crease the number of recognized families. 

Mygalo morphae , This family includes the trap- 
door spiders, purse-web spiders, and the tarantulas 
of the Western Hemisphere. These are entirely dif- 
ferent from the tarantulas of southern Europe 
which are wolf spiders. Lycosidae. American 
tarantulas reach the largest size of any known 
spiders. Those from the Amazon region may attain 
a body length of more than 3 in. with a leg span 
of 10 in. About 30 species living within the confines 
of the United States have been recognized, most of 
them in the Southwest. Perhaps the true trap-door 
spiders are those of most interest to the general 
public. These creatures have a rake on their cheli- 


cerae with which they perform their digging 
ations. Several species living in the southern 
western United States are gifted artisans. Th#*j r 
burrows are waterproofed, lined with silk. a ,„j 
finally capped with a cleverly concealing lid. 

Uipneumonomorphav. These are the spider* i niisl 
commonly seen in the United States. The common 
grass spiders, members of the genus 
and closely related genera, build their silktrn 
in great profusion in grassy areas. The sheet | rlni! 
nates in a funnel in which the spider sits in n- U iii 
ness for a quick dash to obtain an insert caught i 
the silken platform. Several families are commonl 
named hunting spiders because they do not ( ,s, 
ally build webs but actively hunt their picy. ’|| 
genera l.yvosa, Paniosn, and Pirata are t > « 

the family Lycosidae. These actively pur-uc il w 
prey over the ground, sometimes ucross bodies , 
water, and even dive heneuth the surface lor 
time. Some species build retreats or tunnel 
whereas others do neither. Some resemble tin* tin 
trap door spiders in their ability to build hiugr* 
diMirs over the mouths of their burrows and otln i 
construct cleverly arranged turrets at the entum 
to their burrows. Females typically mnstrin t :j «;,r» 
fully built silken bag. fill it with egg*, and <-jri\ 
attached to their spinnerets. When the \ounu ,u 
ready to emerge from the sac they an* liberated 
escape and clirnh upon the rnothet’*. h«*d\ to hr < u 
ried by her until they are capable of rating I.. 
themselves. The crab spiders have gained tin- rum 
because of their crablike lateral movement- S.m 
of these animals huve the remarkable ahililv * 
changing their color to agree with that of tin.* 
background. The jumping spider*, Saltn idac. ;u 
probably the ino-t colorful of anv family gnni| 
especially in the tropics where tlicv abound 1 in 
have keen vision and rapid movements, and ar*- .u 
tive and highly efficient hunters. In stalking iim-i i 
they exhibit many interesting aspects of hrh.tvn.i 
The courtship dances of males have been -hidm 
and carefully described. Males are often provide 
with conspicuous plumes and other ornament'* t" 
display during these activities. A dragline i- alwav 
spun out behind each of these spideis as it g ,H ’ 
jumping or walking about. Thev do not -pin vveb* 
but are skillful in constructing retreats where tli** 
may retire at night or for the laying of eggs. Smiih 
of the most successful a9t mimics belong m tin 
family. Much notoriety his been given to the *■ 
eral species of the genus 'J.atrodertus belonging t‘ 
the Thendiidae or comb-footed spiders. In 1 " 
United States the femalc4are commonly known a 
black widows because of their color and the popu 
lar belief that the fernale|always eats the male mi 
mediately after mating. Their bad reputation a- 
arisen from the general belief that they are w . 
aggressive and readily attack human being*' * 
little or no provocation. There is generH ag ^ 
ment among araneologist** however, that the s » n 
are in reality timid and tdioggressive. Their » 
is a fear reaction, and a bite is not inflicted «i"^ 
the animal In strongly stimulated in no me ^ 

venom is a potent neurotoxin and care » 1 



taken to avoid the animal*. This is especially im- 
portant, of course, where children are concerned. 
Fatalities are rare and competent medical care 
will usually carry the bitten person through to com- 
plete recovery. See Arachnida. 

Ta. m. chick khim, | 
Bibliography: W. S. Bristowe. Thr World nj 
Spiders , 1958; W. J. Gertsch. American Spiders , 
1049; B. J. Kaston, Spiders of Connecticut, Conn. 
State Geol. and Nat, Hist . Survey Hull. 70. 1948; 
A- Petrunkevitch, Catalogue of American spiders, 
pt. 1, Trans . Conn . Acad. Arts Sri vol. 83, 1939. 

Arbacioida 

An order of Echinacea with a stirodont lantern, 
arbarioid amhulacral plate**, partly vculptured te*t. 
imperforate noncrenulate tubercles, solid radinlc*. 
and the anus guarded by four or five periproctal 
plate** (see Echinoidea ) . The order arose in the 
Jurassic, possibly from the Homiridaroida. The 
tvpe genus Arbaria is found on all Atlantic coasts 
as well as in western America. Hahroddaris and 
three other genera are rare deep-sea forms. Corlo- 
pleurus . with about 25 fossil and 9 living species, 
lacks aboral interambulacral tubercles. Trtrapx- 
fins, in Peru and Chile, has four pores on the am- 
bnlat-ral plates. See Echinaoa; Ht mu inARomv 

I if. u. m 1 1 | 


Arbor viral encephalitides 

A number of diseases, such as St. Louis. Japanese 
K. and equine encephalitis, which are caused In ar- 
lini viruses (also called arbov iru-e- I . In their most 
'»'wre human hirin’*, the di-ease* imad« tin* i cntial 
n<*rv<»us sv-tem and produce brain damage, with 
mental confusion, convulsions, and coina: death or 
M-nnu* aftereffect*. are frequent in -evete < a-e-. 
Mihl and inappnrent infections arc common. See 
Koi'IIAI ms, Kyi INK. 

Arbor viruses. Arbor viruses are small (20 50 
millimicron* in size ) . unstable at room tempera- 
ture, and inactivated hv sodium deoxycholate. They 
*ill grow in many laboratory animals and in em- 
hrumated eggs and tissue cultures, often inappar- 
p nt!y ; they are almost universally pathogenic for 
newborn mice, the chief experimental animal, 
brtmp* A. B. C. and D and subgroup* have been es- 
tablished on the basis of antigenic relationship*. 
Animals inoculated repeatedly with one virus may 
develop serum antibodies against other group mem- 
l***rs. Depending upon the closeness of relationship, 
b^prologous responses range from low and tran- 
M, ‘ nt up to responses nearly equaling the homolo- 
response. In some instance*, only hemag- 
Mination-inhihiting antibodies cross, whereas in 
implement-fixing and neutralizing anti- 
1 v grossings occur. The arbor groups also in- 
1 'jp important viruses which, although antigeni- 
ca v elated to viruses of the encephalitides and 
ft'uropathogenic in some animals, invade the hu- 
* an central nervous system only atypirally. See 
5 c,,E ^v«t; West Nilb fever; Yellow fever. 
.. */ 0l JP This group includes western eqtiine civ 
P alitis (WEE), eastern equine encephalitis 
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(EEL), and Venezuelan equine encephalitis 
(VEE) viruses; and Mayaro, Semliki Forest, Chi- 
kungunya, and Sindhis viruses, which have nonen- 
cephalitic syndromes. Group A viruses are chiefly 
mosquito- borne. 

Croup B. Group B includes Japanese B, St. 
Louis, and Murray Valley encephalitis viruses 
(mosquito-borne), and the viruses of the Russian 
tick-borne complex, some of which produce enceph- 
alitis (Russian spring-summer), whereas others 
cause hemorrhagic (Omsk, Kyasanur Forest), or’ 
other syndromes such as louping-ill. Also in group 
B are the nonneurotropic viruses of West Nile fe- 
ver, yellow fever, dengue, and other diseases. See 
Louping-ill. 

Pathogenesis. Illness begins 4-21 days after 
the bite of the infected vector, with sudden onset 
of headac he, chills, fever, nausea, and generalized 
pains; marked drowsiness and neck rigidity may 
ennie. Sign* and symptoms are often diphasic, the 
second phase being more severe and involving men- 
tal confusion speech difficulties, convulsions, and 
coma. Mortality case rates vary in different diseases 
and epidemic*. Mortality in Japanese B encephalitis 
in older age group* has been reported to be as high 
as 80^ . Serious aftereffects such as mental and 
sensory defects, epilepsy, and paralysis are fre- 
quent. Abortive cases may produce only the early 
symptoms or may resemble aseptic meningitis. 

Laboratory diagnosis. Testing for hemaggluti- 
n Jion-inhibiting serum antibodies can establish 
the \iral group responsible, but specific identi- 
fication is complicated by antigenic crossings. Usu- 
ally. neutralizing antibody titers are highest for the 
currently infecting \irus. 

Epidemiology. All arbor viruses require an in- 
erted arthropori vector. The usual natural hosts 
are mammals oi birds, with man accidentally in- 
fected in the cycle: 

Arthropod 

/ \ 

Animal Animal 

\ S' 

Arthropod 

'Man 

Ticks mav serve not only as vectors hut also as a 
natural re-ervoir, because the virus may pass Yrans- 
o\ anally to offspring: other instances, birds or 

mmals are the probable reservoir. In highly 
endemic regions, many persons have antibodies, 
chiefly from inapparent infections. Each virus is 
limited to definite geographic areas. The popula- 
tion's immunity to its local virus may cross immu- 
nize against closely related viruses. For example, 
endemic West Nile fever may partially protect its 
areas against related encephalitis infections. An- 
other hypothesis suggests a common ancestor, dif- 
ferent descendants having adapted to various re- 
gion*. each with its special vector and reservoir. 

Treatment. There is no proved specific treat- 
ment. In animals, hyperimmune scrum given early 
mav prevent death. Killed virus vaccines have beat 
used in animals, and in persons occupationally sub- 
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jected to high riak; little success has yet been 
achieved in large field trials in man. 

Control is chiefly by elimination of the arthropod 
vector. fj.L.M.] 

Bibliography: E. Jawelz, J. L. Melnick, and E. A. 
Adelberg. Review of Medical Microbiology , 4th 
ed., I960. 

Arboretum 

An area set aside for the cultivation of trees and 
shrubs for educational and scientific purposes. An 
arboretum differs from a botanical garden in em- 
phasizing woody plants, whereas a botanical garden 
includes investigation of the growth and develop- 
ment of herbaceous plants as well as trees and 
shrubs. The largest arboretum in America is the 
Arnold Arboretum of Harvard University, founded 
in 1872, as the result of a bequest of James Arnold. 
More than 6500 kinds of woody plants are grown 
there. The famous United States National Arbore- 
tum, near Washington, D.C.. was founded in 1927. 
Here hundreds of native and imported woody shrubs 
and trees are grown experimentally. Studies are 
made of shade and light tolerance, water require- 
ments. temperature range, environmental influence, 
reproduction and other botanical problems. .Sec 
Botanical gardens. | e.l.c. | 

Bibliography: See Plant taxonomy. 

Arborvitae 

A plant, sometimes called the tree of life, belong- 
ing to the genus Thuja of the plant order Conifer- 
ales. It is characterized by flattened branch lets 
with two types of scalelike leaves. At the edges 
of the branchlets the leaves may lie keeled or 
rounded; on the upper and lower surfaces they are 
flat, and often have resin glands ijee Resin ; Secre- 
tory structures, plant). The cones, about M* in. 
long, have the scales attached to a central axis. 

The tree is valued both for its wood and as an or- 
namental. Thuja occidentals, of the eastern United 
States, grows to a height of 60 ft. Known as the 
northern white cedar, it occurs in moist or swampy 
soil from Nova Scotia to Manitoba and in adja- 
cent areas of the United States, and extends south 
in the Appalachians to North Carolina and Tennes- 



Co) Custom orborvHcML Thuja occidentals, (b) Oriental 
orborvfeoe. Thuja orhntala, (from A. H. Groves, libs 
tratad Guide ta Trees and Shrubs, rev. ed.. Harper , 
1955) 


see. The wood is light, soft, and fragrant. It resists 
deterioration from moisture, and is used for con. 
struction, cabinetmaking, barrels, and shingles. |u 
tween 5,000,000 and 10,000,000 board ft of lumber 
are produced each year in the United States, two 
thirds in the Lake states and one-third in Maine 
A large number of arborvitae seedlings are sohj 
annually as ornamentals. 

Among the horticultural forms are the dw a *f 
pendulous, and juvenile varieties. Other important 
species include the giant arborvitae. Thuja pfiaiiu 
which grows to 180 ft in the Northwest; oriental 
arborvitae. Thuja orientals ; and Japanese arbor- 
vitae, Thuja standishii. See Conifer ales; Kohksi 
and forestry; Tree. Kiu..j 

Arc (mathematics) 

Father of the two parts of a eirele (eoiisidercil as a 
curve) intercepted between two distinct radii. |j 
circle C has center O , radius r, and two radii inter- 
sect C at points A , let 0- $.AOB denote tin- 

angle, not greater than a straight angle, formed bv 
these radii. When the length of arc All =■ r, tin- 
angle 6 is 1 radian (rad), and consequently there aic 
2 t r/r— 2ir rad in one complete revolution. It fol- 
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Arc s of a circle. 

lows that 2 t rad - 360°; that is. 1 rad - 57°17 , ti'\ 
to the nearest second. Radius r, angle 0, and corre- 
sponding arc length s satisfy the relation s - ' ^ 

An angle inscribed in a circlflf is measured by half t ><* 
arc intercepted between its sjjes. See Circle; Rapun 

MEASURE. * M-"" 1 

l 

Arc discharge I 

A type of electrical conduction in gases chara«t<f 
iw*d by high current denjty and lot* potentia 
drop. It is closely related jto the glow discharge 
but has s much lower potential drop in the cat « 
region, as well as greater current density. 
Glow discharge. . .... 

There are many arc devices, and they opera*' 
under a wide range of condition#. For «*•*{* ' 
arc discharge may be auatained at either hig P 
sure (of the order of atmospheres) or low P re 




current, amperes 

Tuition from glow discharge to arc with increase of 
current. (From L. B. Loeb, Fundamental Processes of 
Electrical Discharge in Gases, Wiley t 1939) 

Tl,f cathode nitiv or muv riot hr heated from an 
i-Mernal *i*nrce. Furthermore. the applied poten- 
tial difference may he either direct or alternating. 
Numerous application* have been made of Mic h de- 
ue»**. -nme having large commerc ial value. \ few 
,.} ilic*c application® are illuminating device*, 
'ugh-* urrent rectifiers. high-current *w-itche*. 
Abiding devic e*-, and ion source* for nuclear accel- 
r.it*»r^ and thermonuclear devices. 

Arc production. Although an arc- muv he miti 
ifetl m several wa\s. it i* instructive to consider the 
randtion from a c old-c athode glow discharge i sec* 
^ration i . In the normal condition, the glow par- 
tover* the cathode, and the voltage drop re- 
'■"n- nenrlv constant as the current i* increased 
if 1 llu- condition, the ionization is produc ed prirna- 
•i'\ h\ electron impact. A* the current i* increased 
> • .ilhnde glow spread* out. eventuallv c overing 
,f:, ‘ «Jthode rompletelv. Further increase in cur- 
can now fie obtained onlv hv an increase in 
,|m * potential drop aero** the discharge. The eath 
*}'' temperature increase* in thi« process. This i* 
,h, ‘ 3 *m»irmal glow region. A* the cathode tempera- 
,,|T, ‘ lH increased further, thermionic emission he- 
4,n important factor. At thi* jw>int the di*- 
turgr characteristic may acquire a negative slope: 
l !* J ‘ ft hirther increase in current mav increase 
1 f cathode temperature, and the resulting therm- 
^ n, ‘. nn *^mn. enough actually to reduce the po- 
^nnal drop. I’nless the external resistance is *uf- 
«Hith great to make the over-all resistance 
d discharge will change suddenlv to the 

, r< m j * Tvpieal values in this region are a po- 
r ^ ,d * few ten* of volt* and a current 

p Wn * f rom amperes to thousand* of amperes, 
i morf * detailed discussion of the foregoing. 

tar* rHU A * roND,u 'TION IN GASES. 

J, n* *fC. Tltere are three geometrical 
an arr " The«»e are the cathode fall, the 
and xhrHrv >x^y. 

Hv* i ^l’ r| rthode region is character - 
no*- - .^ential gradient. There will he a 
f(i ron n| rrent to the cathode, hut the 

current from the cathode may lie greater 
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|li«n tlm. | t is not diffi ( . u i t to un d crHUn d the large 

::rr. em, * sion fwr a ' a ‘fw«le of refractory 
U*; * 1 h “ V ! ng a VRr V high melting temperature. 
, r j * or 8 mHal wi,h a l f »w melting tempera- 
s "‘. h as “PP?- the situation in not q.iite so 
r explanation appears to be that ad- 

■ irst by J. J. Thomson and later hv I.. B. 

!• P ° inlPd ,ha ' ,he eathode must he 

<' n a microscopic basis, and that the local 

rr y b * vastly grca,er ,h « n •*«- macro. 

• , a ' h " d, ‘ tcniperature. Under these conditions 
u " r «*'«" a W p Mieve that there mav he 
xt.,is,ve thermionic emission. As in the glow di«- 

V“ r f,'‘' is '-'•'■founded hv a positive ion 

heath resulting in a large space charge. 

Wr me. The anode region requires ron«ider- 
, explanation. There is to this electrode a large 
electron current which mav raise the anode to a 
Miiperature even greater than that of the rath- 
'» e. Thus it i. also a thermionic emitter, although 
ie electrons are returned to the anode. Hence 
'er« is a large negative space charge and a result- 
ing anode rise. Pooling the anode mav result in a 
reduction m anode rise, indicating a decrease in 
herm ionic emission. -\g a in it is neeess ar v to use 
lliu mirffiscopir viewpoint. 

Ur body. Tile main l>od\ of the an- i> character- 
i/n »v i ondarv ionization. This is predominantly 
* temperature effec t. The electrons produce very 
little ionization hv impact, because the electron en- 
erg’ i* generally low. However, energy can he im- 
parted to the ga* molecules in the form of 
atomic and molecular excitation. With the many in- 
tenrioierular collisions that occur, this energv is 
readily degraded to thermal energv of the gas. 
Thus a high temperature mav he achieved and inn- 
i/at* .n occurs hv i ; r tue of intermolecular colli- 
Hons. Thi* is expr -cd quantitativelv hv the fa- 
mous equation derived hv M. N. Saha: 


u * n («) 


-SO 141 ^ ^ logio O') + 15.385 


where n. and n v are the ionic and neutral densities 
lespedivelv. i . the ionization potential in volts, and 
T the Kelvin temperature. This equation refers to 
the equilibrium condition. 

It is difficult to make accurate and meaningful 
measurement* because of die high temperature and 
lax ' current. Thus there i* much that is not under- 
stood or substantiated. 

An interesting situation obtains in connection 
with an externally heated cathode. Here may exist 
an arc in which the potential drop i* less than the 
ionization imtential of the gas. Several factors are 
important in thi* ca*c. First, there i* a positive 
•spare charge in the arc body which result* in a 
maximum potential there, and there i* actually a 
potential drop from that point to the anode. Sec- 
ond, there mav he many excited or metastahle 
atom* or molecule* in the di*oharge. It seems likely 
that ionization may take place in several steps 
rather than one. The most important mechanism, 
however, appears to he that for removal of elec- 
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trons that have lost so much energy by inelastic 
collisions that they are trapped near the potential 
maximum. A fast electron may give up enough en- 
ergy by Coulomb interaction with one of these so 
that both electrons may reach the anode. If this 
were not so, neutralization would occur and the arc 
would he quenched. 

Finally it should he pointed out that in attv arc 
there will be vaporization of the electrodes, and 
that the gas will have in it molecules of the elec- 
trode material. For this reason the electrode mate- 
rial may have a profound effect on the arc char- 
acteristics. Nee Arc heating; Arc lamp; Arc 
welding; Spkcikoi hemiuai. analysis; Spectros- 
copy; Welding and cutting of metals. 

| G.H.MI. | 

Bibliography: L. B. l.ocb, Fundamental Proc- 
esses of Electrical Discharge in Cases, 1939; F. A. 
Maxfield and H. R. Benedict, Theory of Gaseous 
Conduction and Electronics, 1941; J. Millman and 
S. Seel>. Electronics , 1951. 

Arc heating 

The heating of a material by the heat energy from 
an electric arc. The electric arc is a component of 
an electric circuit, like a resistor, but with its own 
peculiar characteristics. Its resistance decreases as 
its current increases and vice versa isee Arc dis- 
charge). The electric* arc is characterized also h> 
its high temperature and high concentration of 
heat energy. Millions of watts are contmlldbl) di*~ 
Mpated in rather confined space, producing tem- 
peratures measured in thousands of degrees renti- 
grade. At these temperatures most materials in the 
earth's crust will melt quieklv. The molten mate- 
rials can be processed under an oxidizing, neutral, 
or reducing slag or combination of slags to produce 
a variety of finished material* for many purposes. 
See FleCTHOc II KM If At. PROCESS. 

The electric arc is the heating element in a num- 
ber of heating, melting, and smelting appliances 
classified as direct-arc furnaces, submerged-arc 
furnaces, indirect-arc furnaces, air-arc furnaces, 
arc welders, and arc-boring machines. .Sec Fur- 
nace construction. 

Direct-arc furnaces. These are used in iron and 
steel foundries, in melt shops in steel mills, and 
in some non ferrous melt shops. Fssentially, they 
consist of ill a refractory lined shell to hold the 
burden, or material to be melted; (2) means to 
charge the burden into the shell; (3) a set of 
electrodes < three for the usual three-phase opera- 
tion ) arranged to move vertically and make elec- 
trical contact with the burden; 14) means to 
energize the electrodes; 15) means to regulate the 
position of the elec trodes to draw arcs under them 
off the burden (the burden acts as a common 
electrode in the circuit) ; and 16) means to tilt the 
shell rearward to pour off slag, and forward to 
pour out the burden when if is molten, at the 
proper temperature, and metallurgical^ finished. 
The direct arcing from the electrodes to the burden 
gives the direct-arc furnace its name. 


Iron foundry uses of direct-arc furnaces. | M ,| lfi 
iron foundry, the direct-arc furnace is used a* u 
batch melter, a duplexer, or continuous inciter f„ r 
making gray iron, malleable iron, nodular j,< m 
and alloy iron castings of almost any metallurgies 
variation. 

The hatch melter usually has equipment whwh 
raises and swings the roof aside. The burden u r , M1 
or steel scrap) is placed in a drop-bottom binkri 
lifted over the open chamber, tripped, and ih,. 
furnace is charged in one drop. The roof is 
hack and lowered to reclose the furnace. The ni 
ergized electrodes automatically lower to stnk,. 
arcs and bore down through the burden until (l 
molten pool is formed on the bottom. Gnitiiuml 
arcing on the pool superheats it, melting down ihc 
rest of the burden still enveloping the elerirodr* 
The molten burden is analyzed, neces^aiy hm^I 
lurgical and temperature adjustments arc nuul» 
and the burden is poured out lor distribution im<> 
mold-. The furnace is recharged for the next l»at< b 


( or heat ) . 

'Die duplexer in the iron fnundrv is pra« 1 1 < all* 
the same type of fortune as the batch mehn. 
cept that the top-charge is not essentia). The l.«:r- 
den is already molten, and only a means of pnum.r 
it into the furnace is required. 'Die au-luin.iM 
substation energizing the elei trodes is mimHm 
since the liuiden usiiallv needs nnlv nominal 
heating and metallurgical adjustments. Gild 
tions mav be made through the door to the 
bath for further metallurgical adnisinienl. Met.*; 
is poured from the furn.ue contimmudv <u i; 
batches as reipiired. 

The continuous melter in the iron foundn a !-•• 
maintains a hot metal bath in the furnan*. s «u[' 
charged into tb«» bath, and Imt metal j- |»* »oi • d 
out. as requiied. 

Other uses of direct-arc furnaces. In the -i<»l 
foundry, the direct-arc furnace is used almost «\ 
clusively as the batch melter for making steel ».i-! 
mgs of nearly any metallurgical requirement. 

In the steel mills the direct-arc furnace is jl-" 


used almost exclusively as a batch rnelter. alilioii^b 
the furnace mav be partially or entirelv c-h.ir grd 
with molten iron from a cupola or blast furmi'C. <*r 
with molten steel from a converter. The hindml 
metal is poured into ingots for rolling in * 0 s,,r * 
shapes. See SrtfcL M ANi r alturk. 

In nonferrous melt shop** the direct -arc f*n n.i* * 
is commonly us^d for either a batch melt*r <*t 
continuous melter for mftals such as nickel. <"l' 
per. and cobalt for making billets, cakes, ing"t 
and castings. 


The direct-arc furnace is used also in vacuum 
melting of various metals to improve puritv am 
physical properties- 


alb 


Submerged-arc furnaces. These are 
smelting furnaces with fixed shells into whit 1 " 
granules are fed. The arcs may be complete > “ 
merged under the charge or in the molten ’ 
under the charge. The bath is tapped fll 
or three levels as required for the prof *■ 



Arc lamp 503 


and impurities. Many ores are smelted in the sub- 
in^rpwl-are furnace and the products are numerous. 

Some submerged-arc furnuees have open top 
shells: others are enclosed and exhausted to colled 
the product or by-product. Some have tilting shells 
and some have shells which rotate one revolution 
in 24 hours or more. Most are cylindrical in shape. 

Indirect-arc furnaces. Ihese have a refractory- 
lined cylindrical shell with its axis horizontal. The 
die) I is mounted on rollers so that it may roll or 
ro«k through something less than one revolution. 

\ pair of electrodes, one from each end entering 
thr cylinder at the axis, touch and draw an arc 
inside the furnace. The heat of the arc is radiated 
to the refractories. T he burden in the furnace, as it 
rocks bac k and forth, “washes” the heat o(T the 
refractories. Tin- indirect heating of the burden 
jrjw*** the indirect-arc- furnace it- name. It is par- 
ti* ularl\ applicable to melting low-temperature 
metals and allow suc h as bras-, when* the differ- 
f-nce in the* melting points of the burden and the 
refractors is enough to maintain a high rate of heat 
tran-fei and where the heat of the an is spread be- 
{ore reaching the burden to prevent large losses of 
xolitile element-, -m b a- zinc, in the burden. The* 
fainace i- a -ingle-phase unit requiring multiple 
unit-, a -pc< ial unit generator, or -pccial rirmitrx 
.did equipment to spread the load among the three 
jiIm-c- uf a power line-. 

Air-arc furnace. Thr-e furnace- arc* used for 
wind tunnels. Tliev ernpl«»\ a evlindrical -hell and 
<» juiir of electrodes arranged -imilarU to those in 
rhe nidim t -arc furnac e; however, the -hell ]- fixed 
uid mounted, u-uallv with it- a\i- vertical. There 
s- no refractory; instead, a whorl of water goe- 
irmiiid the arc- at it- avi-. \ir u»r a gas i is blown 
■r pumped through the -pace between the water 
arnl the arc. The air is superheated to 20.000' 
k'lvin and expanded to emerge at -uper-onic 
-peed-. 

Arc welding and boring. The eln tri. arc i- em- 
pluved in arc welding to heat and melt a welding 
led and the work to he |oined. Sec \iu wluhni.. 

The electric an* i- u-ed al-o in boring machines. 
The boring bar is one elec trode and the work is the 
"thcr. \ nonconducting liquid carries awav the 
material melted bv the arc. The boring bar i- fed 
(Mlo the work as the melted material is flushed 
•wav. The boring bar max be of anv rm-s -ection. 

I he Imre ha.* the same shape as the boring bar and 
h dightlv larger, hut it is held to dose tolerance. 

fc.w.x.! 

bibliography: Proceedings of Electric Furnace 
s,p c7 Conference, 194.V- . 

Arc lamp 

^ tv per uf electric-discharge lamp in w hich an elec- 
tric current flows between electrodes through a gas 
or vapor. In most arc lamps the light results from 
luminescence of the gas: however, in the car- 
arc lamp the light is produced by the incandes- 
r, * n ce of one or both electrodes, Thr color of the 
arr depends upon the electrode material and the 



distance from center of crater, mm 


Crater brightness distribution in forward direction for 
typical low- and high-intensity carbons. 

surrounding atmosphere. Most lamp* have a nega- 
tive rc-isfawe characteristic so that the resistance 
decreases after the arc ha** been struck. Therefore 
-nrrie form of current-limiting device is required in 
the electric circuit. For other electric-discharge 
lamps srt' \ M»OR LAMP. 

I he ( arb« * arc lamp was the first practical com- 
mercial electric lighting device, hut the use of arc 
lamps at pre-ent i- limited. In many of it- previous 
fwm lions, the carbon arc lamp has been superseded 
by the high intensity mercurv -vapor lamp. Arc 
lamp- are now used to obtain high brightness 
from a concentrated light source, where large 
amount- of radiant energy are needed, and where 
spectral di-trih.ifion is an advantage. Typical use* 
of arc lamp- are in projectors, searchlight*, blue- 
printing. photography, therapeutics, microscope 
lighting, and for special lighting in re-earch. 

Carbon arc lamp. The electrodes of this lamp 
are pure carbon. The lamp is either open, enclosed, 
or an intensify d arc with incandescence at the elec- 
ii ode- and -om* light from the luminescence of the 
arc. The open-arc form of the carbon arc is ob- 
solete. It is un-table on a constant-voltage supply, 
although on a constant-current system the operat- 
ing characteristics are good. In the enclosed type 
the restricted supply of air slows the electrode oon- 
-mnption and secure- a life of approximately 100 
hr. The inten-ified type uses a small electrode, giv- 
ing a higher intensity output that is more white in 
color and more -teady than either the open or en- 
clo-ed tvnes. The electrode life i* approximately 
70 hr. In the high-intensity arc the current may 
reach values of 12 r 150 amp with positive volt- 
ampere characteristics, and these may operate di* 
rectlx from the line without a ballast. The illus- 
tration shows two basic differences in brightness 
characteristics of the low- and high-intensity arc 
lamp*. The brightness of the high-intensitv arc is 
higher and depend* markedly on current. 

Although carbon arc lamps are built for alter- 
nating-current operation, direct current produces a 
steadier and more satisfactory operation. To start 
the arc. the carbons are brought together for a 
short period, or a third, starting, electrode is used. 
As the carbon burns aw r av, the arc gap must he ad- 
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justed for efficient operation. This may be done by 
manual adjustment; however, an automatic-feed 
mechanism is more efficient and satisfactory. 

Railte-arc lamp. The flame<arc lamp radiates 
light from the arc instead of from the electrode. 
The carbon is impregnated with chemicals, which 
are more volatile than the carbon and. when driven 
into the arc, become luminous. The chemicals com- 
monly used are calcium, barium, titanium, and 
strontium, which produce their characteristic color 
of light as chemical flames and radiate efficiently 
in their specific wavelengths in the visible spec- 
trum. Some flames use several chemicals, some for 
light and others for high arc temperature and 
steady arc operation. Other chemicals may be in- 
troduced to produce radiation outside the visible 
spectrum for specific commercial or therapeutic 
purposes. 

The flame arc is available in short-burning, me- 
dium-electrode- life, and long-burning flame-arc 
types. With enclosure and automatic adjusting 
mechanism, and with consideration of the proper 
chemical composition, the electrode life of the long- 
burning type may be more than 100 hr. 

Metallic-electrode arc lamp. In this type of 
lamp, light is produced by luminescent vapor intro- 
duced into the arc by conduction from the cathode. 
The positive electrode is solid copper, and the nega- 
tive electrode is formed of magnetic iron oxide 
with titanium as the light-producing element and 
other chemicals to control steadiness and vaporiza- 
*ion. These lamps are limited to direct-current use. 
A regulating mechanism adjusts the arc to a con- 
stant length. [ j.o.K.j 

Bibliography: Illuminating Engineering Society, 
IES Lighting Handbook , 2d ed., 1952; A. E. Knowl- 
ton. Standard Handbook for Electrical Engineers , 
9th ed., 1957. 

Arc welding 

A welding process utilizing the concentrated heat 
of an electric arc to join metal by fusion of the 
parent metal and the addition of metal to the joint 
usually provided by a consumable electrode. This 
discussion of the arc-welding process is divided 
into four general subjects: kinds of welding cur- 


oc or dc power 
source ond controls 






ground coble 


electrode coble 

Fig. 1. Fundamental connections of electric equipment 
ond work piece for arc welding. 



Fig. 2. Schematic view of metallic welding arc. 


rent, methods of welding, single- and rnulliple-op 
erator arc welders, and classification of electrode. 
Figure 1 presents a fundamental arc- welding rii- 
cuit, and Fig. 2 show's the elements of the weld .,i 
the arc. For the metallurgical aspects of welding 
see Wki.dinc; ani> cittim, ok mktai.*. 

Welding current. Electric current for the vselH 
ing arc mav be either direct or alternating, depend 
ing upon the material to be welded and charm let 
istics of the electrode used. The current smin e ni;i\ 
be a rotating generator, rectifier, or transformer 
type arc* welder, with built-in transient and -tat 
volt-ampere characteristic* designed for arc -tahi) 
it y and weld performanc e. 

On direct current the distribution of heat in tin- 
arc generally produces a concentration of heat M 
the positive terminal. The work genet alh ha* tin 
larger mass and requires more heat for proper In 
sion; therefore the work is made the positive termi 
nal and the electrode negative. This condition i- 
known as straight polaritv. When certain coveted 
electrodes are used, the electrode is made the p«»-i- 
live terminal, and this condition i« referred t*> a* 
reverse polarity. Welding polarity with alternating 
current has no significance because of current te- 
versa I each half cycle. 

Arc welding methods. Four methods of arc 
welding which are in general use are described in 
the following paragraphs. 

Carbon-electrode arc welding. This method N in 
limited use for welding ferrous and nonferrme 
metals. Normally, the arc Is held between the «’ar 
bon electrode and the work. A modification known 
as twin carbon arc welding uses an arc between the 
ends of two carbon electrics which are positions 
at an angle between axeA and the arc is plavn 
against the work. Filler rtjetal may be added, am 
shielding may he provided in the form of solid ma 
tcrial or inert gas fed into Ae arc. 

Metal arc welding . This? is the most widely 
arc-welding process. The Electrode may be in s ,or 
lengths suitable for manual welding, or it ,T,UV * 
a continuous wire for automatic welding. Bare e e< 
trodes may be used, but shielding in the form o 
solid material or inert gas is required for £°° 
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Fig. 3. Schemotic diagram of automatic wire feed and control for arc welding. 


Hf'ld quality. Most welding is done with a covered 
flirtrodr which provides an- shielding and protec- 
nw slag rovering over the molten weld metal in 
addition to improving tlie an- character i'tio. 

> ubmerged-me/t arc welding. In thi** method a 
. r.nsumahle Imre wire is used a** the elec- 

irnde and a granular fusible flux over the work 
rnrnpletelv submerges the are. Thi* process i-. par* 
tiuilarlv adapted to welding heavy work in the flat 
position. High-qualitv welds are produeed at 
greater speed with this method herause as mueh as 
liw times greater current den«it\ is used. Auto- 
nutir f >r semiautomatic wire feed and rontnd 
»i{ijipmenl is normalU used for this process i Fig. 

.1 . \ modification of this process uses twin arcs 
■lead and trail* supplied from separate power 
'"lines hut phased to reduce magnetic interaction 
»n the arc stream. 

Inert gas-metal arc welding. In this method a 
'iream of inert gas completely surrounds the an 1 
and molten metal to shield against atmospheric 
{•a^es as shown in Fig. 4. Argon i« generally used, 
hut helium and carbon dioxide have limited use. 

This process is adaptable to both consumable 
•rod nonconsumable electrodes. Because of its high 
melting point* tungsten is used for nonconsurnable 
Hfftrodes. Filler metal may he added bv intrnduc- 
mg wire in the arc zone. 

Consumable electrode inert-gas-shielded metal 
arr welding uses a bare or coated wire fed into the 
ar ‘ at a current density approximately 10 times 
'bat \mcd for conventional metallic arc welding. Au- 
,u ntatic wire feed and control are used to drive the 
tt speeds as high as 2000 inches per minute. 
Thb extremely versatile, process produces high* 
*Hialiv\ welds at high speeds and with little or no 
Matter, thus eliminating cleaning. 

^ Wider*. An arc welder is an electric power 
^erator. or conversion unit, for supplying elec- 
r »trent and voltage of the proper characterise 
j! c * t0 * welding arc. Welders may S»c classified by 
'ype of current supplied to the arc, alternating 


nr direct. Mom ac. dc. and rectifier-tvpe arc welders 
an* designed for single-operator use. Multiple- 
operator dr .ip- welding has limited application 
and in used primarily where operators are con- 
centrated in a welding area. 

AC welders. These are generally of the static 
type employing a two-winding transformer and a 
variable inductive reactor, which is connected in 
«eriev with the welding circuit. The reactor may 
he combined with the transformer to provide ad- 
justable leakage reac tance between windings (Fig. 
5l. The transformer isolates the welding circuit 
from the primary line, and steps down the line volt- 
age to an open-circuit voltage of 80 volts or less 
for manual, and 100 volts or less for automatic 
welding. 

The ac arc extinguished each half-cycle as the 
current w a\e pa* *■» s through zero. The reactor, by 
reason of its stored inductive energy, provides the 



pig. 4. Inert-got-shielded metal welding are. 
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Fig. 5. Schematic diagram of alternating-current arc 
welder. 


voltage required for re-ignition of the arc at each 
current reversal. 

Several types of reactor construction are em- 
ployed. including a movable core with variable air 
gap. a movable coil to vary leakage between wind- 
ings. and a saturable reactor with dc control in 
combination with a tap changer. 

DC welders. These may be of the rotating dc 
generator or static rectifier type, with either con- 
stant-current or constant-voltage characteristics. 

The dc generator type is usually driven hv a di- 
rectly coupled induction motor or internal com- 
bustion engine. The conventional design employs a 
generator with a combination shunt-field rheostat 
control and a differentially compounded series field 
tapped to give an adjustable welding current with 
drooping volt-ampere characteristic. 

Other schemes of current adjustment are used, 
most of which employ the principle of field control. 
These include excitation from a third brush utiliz- 
ing the effect of armature reaction or a movable 
core to vary the leakage between poles of the gen- 
erator. Because of the extreme and rapid fluctua- 
tion of the arc voltage during welding, the welding 
generator must be designed for rapid response to 
load changes. 

The rectifier-type arc welder is a combination of 
transformer, variable reactor, and rectifier. The 
transformer and reactor designs are similar to tho«e 
employed in ac welders, except that dc welders 
are generally used on a three-phase supply I Fig. 
6). Some single-phase welders of this type are 
used, particularly where a dual ac Me output is 
required. The rectifiers are the selenium dry plate 
or silicon diode full-wave bridge type. 


Both the rotating generator and rectifier \\^ s 
are also available with constant-voltage character, 
istics. On these units the induced voltage is adjust 
able, and the voltage regulation on any setting , s 
relatively flat. The welding current is adjusted 
varying the speed of the electrode wire feed. 

Multiple-operator dr weldinfi. This method 
employs one or more power units with appn»\j. 
matcly BO load volts and relatively flat voltage reg- 
ulation operating in parallel to supply a nun her 
of resistor outlets, one for each operator. The r <* 
sistor units provide the ballast impedance and abu 
the means for adjusting the welding current. ThU 
system effects apparatus economy by utilizing hud 
diversity of multiple welding arcs. 

Electrodes. All arc welding electrode is a win* 
or rod of current-conducting material, with nr wu|, 
out a covering or coating, forming one terminal .,t 
the electric arc used in arc welding. Elect lodr* 
mav be classified as nonrnn*uniublc and con^inu- 
Me. Nonconsumable electrodes (carbon, tungsten, 
are consumed at a very low rate and add no filler 
metal to the weld. Consumable electrodes melt w itti 
the heat of the arc. and the metal is transferred 
across the arc to form part of the weld niM.il 

Consumable electrodes may he in the form 
rods 9 18 in. long or continuous wire. I'r.u in .ill. 
all welding electrodes fnr manual welding .m 
coated, or covered. This covering (usually cxinMnl 
on the core wire! serves a number of impoitini 
functions. The gas and slag shielding produced l . 
the covering protects the metal from the dinn- 
phere during the transfer at ros* the arc and iiltn 
deposit, while still in the molten state. 

The materials in the electrode covering ate m 
tended to perform one or more of the tolh'wm. 
(If purify the weld metal; (2» control melting 
rate, penetration, bead shape, and nailing « -it» 
(.'if add alloying elements to the weld metal: il- 
stabilize the arc; and (5) provide insulating' 11 ' 1 
ing to reduce shock hazard. 

The covering of sonic elritrodes include p"" 
dered iron to increase the speed of welding *c"l 
rate of metal deposit. 

Welding electrodes have been • hi^sified ;iu»nl 
ing to tensile strength of the deposited weld nicl.d 



Fig. 6 . Schemotic diagrom of rectifier-type ore welder. 
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type o{ covering, welding ponition, and type of 
current. The electrodes are identifiable by electrode 
classification numbers under specifications pre- 
pared jointly by the American Welding Society and 
the American Society for Testing Materials. .See 
Resistance welding. | k.k.xt. | 

ftihlioftrtiphy: A. L Phillips (ed.), WAding 
Handbook. 4th ed., 1957. 

Arch 

\ structure, usually curved, that when subjected to 
vertical loads develops at its two end supports reac- 
tions with inwardly directed horizontal component*. 
JV commonest uses for an arch are as a bridge 
supporting a roadway, railroad track, or footpath 
and as part of a building, where it is used to pro- 
vide a large open space unobstructed b\ columns. 
Vlthoiigh arches are usuallv built of steel, rein- 
forced concrete, nr timber, the Saguenay River 
Bridge i* an all-aluminum arch spanning 290 ft 
tioiu center to center of skewhack*. 

The designations of the various parts of an arch 
4 ,re given in Fig. 1. The skewback i* the abutment 



Fig 1 An open-spandrel, concrete, fixed-arch bridge. 


or pier surface upon which the arch rests. Because 
the arch springs from its skewback, the intersection 
of the arch and the skewback is called the spring- 
ing line. The upper surface of the arch is the extra* 
dos, the inner surface the intrados. The line pass- 
ing through the center of gravity of each section is 
the arch axis. The crown is the highest section. 

The advantage of the arch over a simple truss 
or beam of the same span is the reduction in the 
positive moment hy the negative moment resulting 
from the horizontal thrust at the supports. The 
arch rib is subjected to large axial forces and' 
small bending moments. To minimize the moments, 
the center line of the rib should closely approxi- 
mate the funicular polygon for dead load, plus, 
perhaps. some portion of the live load. For a uni- 
formly distributed load the funic ular polygon is a 
parabola. 

The principal dimensions of the center line of 
the arch are span and rise. These may he dictated 
by conditions at the site, if the structure is a 
bridge, or bv architectural requirements, if the 
arch i* to form part of a building. A rise of from 
one-fifth to one-third of the span may prove eco- 
nomical. 

On the basis of structural behavior, arches are 
classified as fixed ( hingeless |. single-hinged. two- 
hinged, or three-hinged (Fig. 2). An arch is con- 
sidered to l>e fixed when rotation is prevented at 
it* support*. Reinforced concrete ribs are almost 
always fixed. For long-span steel structures only 
f\ed solid-rib arches are used. The Rainbow Bridge 
at Niagara Falls, with a span of 950 ft and a rise of 
150 ft. is the longest fixed steel arch in the world. 
The llenrv Hudson Bridge in New York City is a 
fixed arch of BOO-ft span. Because of its greater 
stiffness the fived arch is better suited for long 
than bing' d archer 
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p| 9 2. Typti of bridge arch. fa) Fixed, (b) Single- 
(c) Two-hinged. <d> Three-hinged, ie' Parallel 
tu "e rib arch, (ft Half-through, two-hlnged, eroKant- 
rtl> <wch. (g) Porallol eurva. three-hinged rib arch, (h) 
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Double-deck spandrel-braced arch. (From G. A. Wool 
and W. S. Kinne. Movable and Long-spon Steel 
Bridges, 2d ed., McGraw-Hill, 1943) 
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Fig. 3. The Fori Pitt highway bridge, a double-deck 
trad-arch bridge across the Monongahela River at 
Pittsburgh, Pennsylvania. Unusual features are the use 
of o truss instead of girders as ties ond the use of box 
sections as arch ribs, (lead Industries Association) 


A hinge introduced into the arch rib produces an 
axis zero moment forcing the thrust line l funicu- 
lar polygon) to pass through the hinge. An arch 
hinged at the crown is a single-hinged arch; it i> 
rarely : »sed because it has no distinct advantages. 
The twi>-hinged arch has hinges at each skewback. 
Because foundations for two-hingcd arches receive 
thrust forces only, the abutments are more easily 
planned. A hinge introduced at the crown of a two- 
hinged arch forms a three-hinged arch. The three- 
hmged arch is statically determinate, and no 
«tr.*?tees result from temperature, shrinkage, or rib- 
shortening effects. .See Strl'CTLKAL analysis. 

Because the horizontal component of an arch 
reaction is large, excellent foundation conditions 
must exist at the site. Abutments constructed on a 
steeply sloping gorge of strong, sound rock trans- 
mil the thrust directly to the bedrock. Abutments 
on rock can usually be designed to resist the mo- 
ment developed at the skewback of a fixed-end arch. 
Foundations on earth or piles may rotate and re- 
lieve part of the assumed restraint. A slight yield- 
ing of foundations usually causes no serious harm 
to three-hinged arches. If suitable foundation con- 
ditions are not available, the horizontal reaction 
component may he provided by a tie between skew- 
backs. An arch so constructed is classified as a tied 
arch (Fig. 3). The tied arch is usually more ex- 
pensive than the two-hinged type. 

Concrete arches. Concrete is relatively weak in 
tension and shear but strong in compression and is 
therefore ideal for arch construction. Figure 1 is a 
sketch of an open-spandrel concrete fixed-arch 
bridge. The arch proper consists of two or more 
solid ribs or a single solid barrel whose width is 
equal to that of the bridge. The solid-rib arch sup- 
ports its roadway by means of a system of beams 
and spandrel columns. The rib type is particularly 
desirable for skew crossings because each rib may 
be arranged to act independently and is designed 
as a right arch. Ribs are usually interconnected by 
cross struts. Hollow box sections have been used in 
place of solid ribs to form a hollow-rib atch. 


The roadway in the barrel-type arch is supports] 
on an earth fill, which is* confined by apundrej walU 
extending frum the barrel to the road deck. Th* 
barrel type, frequently called a spandrel-filled ail .|* 
is generally less economical of material thuu th, 
rib type. Where for architectural reasons u Ml |j f j 
wall effect is desired for a low. Hat arch, the Kp afl 
drel-filled design is often adopted. Placing 
curtain walls over the spandrel openings 0 f an 
open-spandrel arch achieves the same effect. 

Because the rib or barrel is subject to eornpn% 
sion and some bending, it is designed as an 
centricallv loaded column, with reinforcement 
placed near both the intrados and extradns. st, r | 
percentages should he kept small. 

Precast reinforced concrete arches of the three, 
hinged type have been used in buildings for sp an * 
up to 160 ft. 

Steel arches. Steel arches are solid-rib or hrareij 
rib arches. Solid-rib arches usualh have two hinge, 
but mav be hingeless. A parallel rimed rib ( ( „ n . 
stant depth throughout its length} is the most 
monlv used form of plate girder or solid wchheil 
rib. 

The braced-rib arch has a svstrm of diagnri.il 
bracing replacing the solid web of the s 0 |id-u!> 
arch. The woild's longest arch spans are both iwn 
hinged arches of the braced-rib t\pc. the Sirin. \ 
llurhor Bridge in Australia, and the Ibmum, 
Bridge at Bayonne. YJ. (Fig. \). whi<h h.iw 
spans of 1650 and 1652 ft. resperti\el\ Both m 
these bridges are of the half-through tv pc. Oihu 
classifications according to the method l>v who b 
the roadway is supported In the arch proper .in* 



Fig. 4. Tho Boyonn* Brldgo, ocroti the Kill 
(Fort of New York Authority) 
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through arches and deck arches. Through and 
half-through arches are usually of the rih type. 

The spandrel-braced arch is essentially a deck 
truss with a curved lower chord, the truss being 
capable of developing horizontal thrust at each sup- 
port. This type of arch is generally constructed 
with two or three hinges because of the difficulty 
of adequately anc horing the skewhacks. 

Wood arches. Wood arches may he of the solid- 
r ili or braced-rib type. Solid-rib arches arc of lami- 
nated construction and can be shaped to almost 
anv required form. Arches are usually built up of 
nominal 1* or 2-in. material because bending of 
individual laminations is more readily accom- 
plished. For wide members a lamination rnav < on- 
*ist of two or more piece* placed *idr h\ *ide to 
foirn the required width. All end-to-end joint*, are 
varied and staggered. Although the cross portion 
usually rectangular. I-beam sections have been 
; ,scd. Because of ease in fabrication and e rection. 
!!|( >*t solid-rib arches are of the three hinged 
hpe. This type has been used for -pans of more 
than 200 ft. 

The lamella arch ha* been widely used to pro. 
mle wide clear span* for gymnasium* and audi- 
imniisis The wood lamella arch i* more widely 
u*ed than its counterpart in steel. The steel 
lamella roof for the civic* auditorium in Corpus 
Oiristi. Texa*. ha* a clear *pan of 221 ft ( vc»- 
Bumiim.I. The characterise diamond pattern of 
Lmella « on*f ruction provides a tmicpie and pleas- 
ing appearance. Basically, lamella construction 
. . insists of a serie* of intersecting skewed arches 
nude up of relatively short *lraight members. Two 
memhcTs are bolted, riveted, or welded to a third 
lucre at its center. These structure* are erected 
from scaffolds because no supporting action de- 
ops until a large section i* in place. Construc- 
tion starts from each sj|| and moves up until both 
'ides meet in the center. 

The horizontal thru*l of the lamella roof mu*t be 
resisted h\ steel tie rod* or wood tie* at wall height, 
or hv )nittreHM»s. The thrust component developing 
in the longitudinal direction of the building ma\ be 
resisted by tie* extending the length of the building 
or h\ the roof decking. See Brhm.K ; Tri s<. 

[< .N.C.l 

Archaeocyatha 

extinct group (phylum) of Cambrian marine 
organism* with world-wide distribution; con- 
sidered hv some authors ns an extinct tvpe of 
true tpongt ( Pleospongia I . The ArchacoryathicJ* 
in large numbers on calcareous sea bottoms, 
forming “gardens’* or carpet* of se**i!e benthos, 
W lacked the ability to build true topographically 
Prominent reefs. Tn North America and Australia 
foe Archaeocyatha Irecame extinct at the same time 
the Olenellidae (Trilohitn). that is. at the 
'■fov of Early Cambrian; in Eurasia thev may 
.f ve Jived until the end of the Middle Cambrian. 
. 0 discernible descendant* have been recognized 
,n the rocks of later times. During their short life 
%m ' however, the Archaeocyatha produced a be- 



wildering array of form*, indicating an almost ex- 
plosive evolution. 

General features, lhe Archaeocyatha built their 
skeleton* out of c alcium carbonate. The skeletons 
are exc eedingly fragile and their fragments some- 
time* resemble large spicules. The most typical 
skeletons are va*e-shaped. although irregular, eren- 
ulated < one or sauc er shapes are also encountered. 
The skeleton of the simpler types consists of an 
outer cup, or cone, and an inner cup fitting inside. 
The inner cup is supported some distanc e from the 
outer cup by a variety of structural elements. In 
the mo*t common types, such as Ajaricyathus , 
these support* are in the form of vertical, radial 
plate*, called parietie*. 

External structure. The outer cup is a conical 
structure perforated by numerous, and usually 
very fine, pore* It is referred to as the outer wall, 
and its shape mjv vary considerably. It may be 
an acutely tapeiing cone, an almost cylindrical 
cup. or a more widely open cone, and in the most 
extreme oases may resemble a flat saucer rather 
than a cup. The cross sec tion may he almost per- 
fectly circular, but more often is irregular, varying 
from an ellipse to an irregularly crenulated ex- 
pansion. The outer wall may he connected to the 
inner cup hv vertical plates (parieties). by hori- 
zontal or inclined structures consisting of rods, by 
horizontal or curved plates (tabulae), by irregu- 
larly bent plates (taeniae), by complex vesicular 
tissue, or hv cellule or tubular structures. The 
structure may be further complicated by plates 
i dissepiments » and rods tsynapticulae) which 
connect adjacent parietie*. Most of these struc- 
tures are porous. The size of the pores varies from 
very fine to such size that only a very slender net- 
work is left of the skeleton. 

Internal structure. The inner wall is usually con- 
centric with the outer wall and so forms a cup or 
cone similar to the outer cup. The inner wall is 
perforated by numerous pores, and commonly the 
number and size of pores is such that it is reduced 
to a network of anastomosing and fused rods and 
bar* The inner wall encloses the central cavity 
which in all probability was free of living tissue. 
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though probably lined by it, and was completely 
open upward. In some genera the lower portion of 
the cavity may be filled with irregular vesicular tis- 
sue. The space between the inner and outer wall is 
called the intervallum, which is divided into inter- 
septs by the parieties. It has been shown that all 
the skeletal surfaces of the intervallum were cov- 
ered during life by a layer of living tissue. 

Reproduction. It is generally believed that the 
Archaeocyatha reproduced sexually by giving rise 
to freely swimming larva, which after a period of 
floating or swimming settled on the bottom and se- 
creted a skeleton of calcium carbonate. 

Classification, The following classification of the 
phylum has been adopted : 

Subkingdom Parazoa 
Phylum Archaeocyatha 

Class Monocyathea — single-walled Archaeo- 
cyatha 

Class Archaeocyathea — double-walled Arch- 
aeocyatha 

Class Anthocyathea — Archaeocyatha whose 
central cavity is filled with skeletal tissue, 
resembling the columella of Anthozoa 

The anatomy of the Archaeocyatha was quite un- 
like that of the Coelenterata, as in the absence of a 
coelenteron, food assimilation must have taken 
place in the passages between the two walls; also 
the skeleton is quite unlike those of the Pori f era, 
which are made of spicules and do not possess ra- 
dial parieties or laminar walls. See Parazoa; 
PoRlFCRA FOSSILS. [v.J.O.] 

Bibliography : R. C. Moore (ed. ), Treatise on 
Invertebrate Paleontology , Part E, Geol. Soc. Am., 
1955; V. J. Okulitch. North American Pleospongia , 
Geol. Soc. Am. Spec. Paper 48, 1943. 

Archaeopteridales 

An order of spore-bearing Paleozoic plants with 
fernlike foliage. The best-known genus is Archae - 
opteris (Fig. It, which is sometimes cited as an 
index fossil of the Upper Devonian series. See In- 
dex fossil. 

Foliar remains were first reported from Ireland 
in 1852 and subsequently from Ellesmereland, 
Spitzbergen, and Bear Island in the Arctic Ocean; 
from Belgium, Germany, and the southern U.S.S.R.; 
from Maine, New York, and Pennsylvania; and 
from the Gaspe Peninsula in eastern Canada. The 
foliage consisted of bipinnate fronds showing dis- 
tinct vegetative and fertile parts. The vegetative 
fronds bore oval pinnules 1-3 cm long, while in the 
fertile fronds the pinnules were replaced by stalked 
elongate sporangia, some of which contained nu- 
merous microspores and the others eight to six- 
teen megaspores f Fig. 2 ) , 

The foliage has lately been found attached to 
large woody trunks originally described as Cab 
lixylon. These trunks are common in the Upper 
Devonian New Albany shale in Indiana and in 
strata of similar age in Michigan, Ontario, Ken- 
tucky, Oklahoma, Texas, and New York. A sped- 



Fig. 1. Archaeopteris latifolia. Upper Devonian. Port 
Allegany, Pennsylvania. (From C. A. Arnold, An Intro 
duction to Paleobotany r McGraw-Hill, 1947) 


microsporangia 



Fig. 2. Archaeopteris latifolia. Sketches showing fer 
tile pinna with microsporangia and megasporangium, 
and relative sizes of microspores and megaspores 
Enlarged. (From C. A. Arnold , An Introduction to 
Paleobotany, McGraw-Hill , 1947 ) 

men found in Oklahoma was 5 ft in diameter. M\r 
wood often shows annual rings. Micrnnropicall>. it 
is easy to identify because the bordered pit*- °n thf* 
tracheid walls are arranged »n radially aligns! 
groups. Archaeopteris is one of the be*t known 
Devonian plants and is classified between the fern*- 
and the gymnosperms. Sen Filiunkak; see al.w 
PtEROPSIDA. ' (C.A.AH.! 

Archaeornithes 

One of the two subclasses of birds, class Aves, <<>n 
tabling the single order A rdhaeopterygi formes, 
other known birds are assigned to the subclass » * 
ornithes. The subclass Ardhaeornithes comprpjt 
the oldest fossil birds known, found in the ‘ 
hofen limestone beds of Upper Jurassic (- 1 ‘ 
Kimmeridgian ) age in Bavaria. Opinions di or - 
to relationships because the known specimens 
been thought by some authors to represent cii e 
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iecond skeleton cd A - hneopteryx, on slab of fine- 
jrained lithographic limestone in Bavaria. <Geo/ogisch- 
>olaontologisches Institut und Museum der Humboldt - 
jmversitat zu Berlin ) 


Archeological chemistry 

1 ho application of chemical theories and experi- 
mental procedures, especially the procedures of 
analytical chemistry, to the solution of problems in 
archeology. Ordinary analytical procedures may 
nlten lie applied without modification to the exami- 
nation of objects and materials from excavations, 
but frequently some modifications are necessary, 
and occasionally special methods must be devised. 
\th roanalylica! methods are especially useful since 
the amount of material available for investigation 
N often very small. For the examination of valuable 
objects, which cannot be altered in any way. even 
to the extent of taking very small samples for anal- 
v*is. nondestructive methods must be used. For ex- 
ample. ancient gold objects are usually too valuable 
to be damaged by a sampling operation, but their 
fineness may be estimated with satisfactory accu- 
racy bv measurements of their densities, Chemical 
rnii roM Opv is also an important general technique 
for the examination of ancient objects and mate 
rial*. 

The most frequent application of analytical 
• liemi*lr\ to archeology is the exact identification 
of material* found in excavation* so that thev may- 
be aicurately de*rribed in archeological reports. 
Krror* of identification, some of them rather glar- 
ing from the chemical standpoint, are frequent in 
the older archeological literature and are by no 
mean* ab*ent from some of the more recent litera- 


ls ir* «.r even different fatnilie* t \n baeopterv ■ 
.hI.ic and \r< haenrnithidae i . In u rei ent *tudv. 

. ije Heer ha* held that all are of the *ame specie*. 

s (( V\ » ^ ; u»**u.s; Nmikmiiii>. 

Kind of a feather impression vvj* reported in 
IMiP ami wa* < ailed In htifofrterw hthouraphtra 
II. von Mever. A \eur later a fairly complete 
Litton (except foi the bead I was acquired for 
in* Briti*h Museum (Natural Hi*t«»rv i and named 
Im harojifrry % nuirnna Owen. \ *econd skeleton 
•nth *kull. secured in 1877 and called 4rrhannnis 
t Dames ) . is now in the Nattirhi*iorisches 
Museum. Berlin (see illustration > . In bod\ size 
i!hw torm* resembled domestic pigeons. The tail 
-krleion was larger than the body and had 20 sep- 
tate vertebrae. each with a feather attached on ei- 
ther *ide. The short jaws were armed with teeth, 
•uul the wing skeleton ended in three free fingers 
tapped with strong claw*. Both forms are acrepted 
aviun on the basis of feather impressions on 
tail, and bodv: otherwise the appearance is 
reptilian. The feathered planes of wing and tail in* 
dicate powers of gliding flight ; the claw.* on w'ing 
foot imply rlimhing. possibly walking, by 
of all four limbs.* 

4rrharaptr>ry\ show* a mosaic of true avian 
'haructers such as feathers, shape of pubis, feet. 
m\ clavicles, and reptilian characters such as 
'iructure of the vertebrae, tail, sacrum, ribs, and 
^•ttarsaU. A third partial skeleton, described in 
is said to resemble the one in London. 


lure. Copper i* sometimes confused with bronze, 
hron/c v* ith l»ra*s. lime mortar with gvpsurn plaster, 
solid bitumen* with vegetable re*in*. and *o on for 
other material* that are superficially similar. Such 
ronfu.sion* have ari*en either because no correct 
identification w.r* made in the first place, or be- 
. an*e the ar< he-uupst. even after a correct identifi- 
eation had been i ade. did not appreciate the chem 
ical distinction between certain materials similar 


in appearance and put to similar uses. 

The problem of making correct identifications of 
ancient materials from excavations may he very 
different from identifving the same materials in a 
fresh eondition. A clean piece of copper may be 


ifferent rated from a clean piece of bras* at a 
lance because of the difference in color, hut no 
u<h difference is apparent when these material* 
,re in a liighlv oxidized condition, as they usually 
,rr when found in exi vations. In identifying a rna- 
* iial found in an excavation it is usually much 
es* important to determine what it is now than to 
•stahlish what it wa* originally, before it under- 
went exiensixe chemical change. Though the orig- 
inal nature of inorganic materials may usually Ire 
rletermiiied with little difficulty, it is otherwise w,th 
WM „ir material', for these are likely to undergo 
com pin' ated chemical changes during long burial in 
ihe ground. For example, some fatty material from 
an ancient pomade jar excavated at forint *as 
found to he a mixture of organic acids, but the ma- 
terial originally contained in the ,ar was probald 
a vegetable oil which had been completely hydro- 
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lysed by the action of ground water over the cen- 
turies. 

Interpretations of archeological significance that 
may arise from the exact identification of a partic- 
ular material may he more important than its iden- 
tification for the purpose of exact description. An 
interesting example is a white cosmetic powder 
that is commonly found in ornamental ceramic con- 
tainers in graves of Greek women of the fourth and 
third centuries a.c. in southern Greece. This has 
been identified as artificial basic lead carbonate, 
commonly known as white lead. This identification 
implies the discovery and use of a process for the 
manufacture of white lead, its sale as an article of 
commerce, and the widespread use of a poisonous 
product that may well have had an adverse effec t on 
the public health. 

Adequate chemical analyses of chronologically 
ordered specimens of materials from a given site or 
group of sites may yield significant information 
about technological or economic changes in an 
ancient civilization. If such analyses show that an 
increasing variety of manufactured materials came 
into use. an advance in technology is clearly indi- 
cated. and conversely for a decline in the variety of 
such materials. Obviously, the results of analyses of 
this kind may fix the dates when certain materials 
were first produced, as for example the results 
which indicate that brass was first intentionally 
made soon after 50 n.c. in the Mediterranean re- 
gion. To some extent a rise or fall in the variety of 
manufactured materials is also an indication of a 
corresponding rise or fall in economic status, hut a 
more precise indication of economic changes may- 
be obtained from chemical analyse* of coins, which 
in ancient civilizations bore a more direct relation- 
ship to economic conditions than do the analyses of 
coins of modern civilizations. A decrease in the 
proportion of precious metal in a chronologically 
ordered series of coins clearly shows debasement 
with its attendant economic difficulties. An out- 
standing example, now established in detail by 
many analyses, is the progressive and severe de- 
crease in the silver content of the coins of the Ho- 
man Empire over a period of about two centuries. 

Restoration. During long burial in the ground, 
a great variety of chemical reactions occur between 
the material of most objects and the surrounding 
soil and ground water. To explain fully the appear- 
ance of objects found in excavations, to deduce 
with confidence their probable original appearance, 
or to decide on proper methods of restoration, one 
must understand the nature and course of these 
chemical reactions. The appearance and condition 
of objects of the same material and of the same 
age taken from different excavation sites may be 
very different. A bronze from one site may be 
coated with a hard coherent layer of corrosion 
products of the type commonly called a patina, 
whereas a similar bronze of the same age from an- 
other site may be coated with a loose porous mass 
of corrosion products. The extent to which objects 
of a given material undergo corrosion at one site as 


contrasted to that of objects at another site n ,ay 
vary enormously. For example, archeologists have 
observed that bronze found at Corinth is almost al 
ways in a severely corroded state, whereas similar 
bronze found at most other sites in Greece is not S( , 
corroded. An investigation into the reason for this 
difference has shown that the ground water at (lor. 
inth contains chloride in unusually high concentra- 
tion, which is sufficient to account for the severe 
corrosion of the buried bronze. 

The deterioration of buried objects is largely the 
result of chemical change, and it is therefore rea- 
sonable to expect that the restoration of such <,1> 
jects should usually he best brought about by chem- 
ical treatment. The deterioration of bronze, for ex 
ample, is primarily the result of oxidation, and 
the reverse process of reduction should tend to 
restore corroded bronze to its original condition. 
This principle has been applied with much sumv. 
to the restoration of metal objects by various eln 
trolytir reduction procedures. In one of the most 
widely used of such procedures, the metal ohim, 
usually of copper or bronze, is made the cathode in 
a bath consisting of a dilute solution of sodium In 
droxide. By passing a small current of electricitv 
for a long time between the object and un unattack 
able anode of platinum or nickel, the corrosion 
products are slowly reduced back to metal, and the 
entrapped soil particles are released and drop i<> 
the bottom of the bath. F.ven when object* arc of 
such a nature that they undergo little chemn.il 
deterioration during burial, chemical treatment 
may be required for the effective and safe rcrnov.il 
of the foreign matter that encrusts them. For r\ 
ample, such matter is now usually removed from 
ceramic objects by treatment with hydro* lilon* 
acid followed by thorough soaking in walei to i»- 
move the acid. 

Preservation. Whether ancient objects arc re 
stirred by chemical means or not. problem* <«m 
cerning their preservation for exhibition or *tw«h 
often arise that are best solved by the application 
of chemical principles. For example, the <orrn*io» 
of an ancient metal object may continue at an 
appreciable rate in ordinary air unless proper pre- 
cautions are taken. This problem may sometime* 
best be solved by coating the object with a protei 
live layer of wax or synthetic resin, or. if thi* i* 
desirable, by keeping it in it glass case containing a 
powerful drying agent or *evcn in a sealed ca-f 
filled with an inert gas. . 

Certain problems not directly connected "iti 
ancient objects, yet important to the archeologist- 
may sometimes be solved b| a physical applh«t» on 
of products made availably by modern chemi-*ti' 
The preservation of paper Impressions of stone in 
scriptiona is an example. Tjiese paper impre^mn 
which are commonly used fin the rftudy of lap" 
inscriptions, are obtained by applying one or m '! 
large sheets of industrial fifiter paper over t r 
scription, thoroughly wetting the paper. P rr ‘ , '\ 
it into the carved letters on the stone, letting » * 

in place, and then peeling off the dried pap". 
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Bronie bust of an Ethiopian queen before and after treatment. (The British Museum ) 



thi* wav a reverse ropy of the inscription is taken. 

I nfnrtiinatplv. these convenient copies are fragile, 
,ind fine details are easily obliterated by frequent 
handling. By spraying such impressions with a 
in el In 1 methacrylate lacquer, they can l>r stiffened 
and toughened to such an extent that this disad- 
vantage is completely eliminated. A more recent 
method of making copies of inscriptions is to apply 
liquid rubber latex to the specially prepared stone 
surface, allow it to harden, and then strip off the 
reverse rubber copy. 

For information on the determination of the age 
<»t certain kinds of ancient objects and materials 
from their composition, tee Chemical dating. 

[e.rx.] 

Archeology 

The M-ientific study of the material remains result- 
ing from past human action. It is the function of 
ih*» archeologist to piece together the past as it re- 
late* to the human species. Archeological data must 
be classified to aid mental reconstruction of the 
4 »f life, the problems, and even the possible 
flight* of preliterate men. According to V. G. 
Fbilde. *\ . . archaeologists from observations on 
the external world try to decipher the standard be- 
haviour patterns approved by past societies and to 
dUrnver something of the fortunes of those socie- 
^ «*td in particular their contribution to the 
Med cultural tradition that we inherit." 

The archeologist's studies therefore partake 
ar K f ly the humanities, but his methods often be- 
° n * *° the disciplines of science. Archeology is 
J rir,l >’ a branch of anthropology, which properly is 
f whole study of man (although now generally 
n '(stood to be the study of living communities). 


In some aspects, archeology can be regarded as an 
extension of history, which it can verify and sup- 
plement. Archeology deals with man at all times 
throughout the past, but is particularly concerned 
with the application of all such skills and tech- 
niques as will lead to the writing of the prehistory 
of peoples who have either no written history or 
an inadequate one. 

Evidence of happenings in the past may be of 
infinite variety ±.nd even akin to the clues used by 
detectives of criai*. It is the study of this evidence 
which differentials the modern archeologist from 
the nineteenth-century antiquarian who collected 
curiosities for their ow r n sakes and usually regarded 
them as illustrations of accepted historical narra- 
tives rather than as being themselves documents 
from which conclusions could be drawn. 

The sources of information regarding man and 
his past are so many and varied that one cannot 
strictly refer to any one archeological method, al- 
though from the archeologist's painstaking search 
for the minutest scraps of evidence it is safe to con- 
cede the existence .n archeological approach. 

Methods. By constant confirmation, an attempt 
is made to establish synchronism with what has 
been established historically. For instance, in 1945, 
Sir Mortimer Wheeler found at Pondicherry 
shards of pottery of well-known Roman types in 
close relationship with certain Indian wares, and 
thus was able to establish a date for the native 
products and to make a start on the classification 
of earlier and later local pottery. 

In much the same way, scarabs exported and 
traded from the Nile Valley into Palestine, the 
Sudan, and further afield, have been dated eventu- 
ally with reference to the Egyptian king lists, pro- 
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viding al least approximate datings hundreds of 
miles away from the place of their manufacture. 
Even when dates in year* are less readily available, 
some kind of synchronization may be attempted, 
such as when similar bronze axes or sword hilts 
were discovered with locally produced objects in 
Sweden. Britain, and Spain, or when daggers of 
Mycenaean type were found in Wiltshire. 

Tvpes, The establishment of such synchronism 
and of chronological and chorological schemes re- 
quires that archeologists constantly concern them- 
selves with types, for they use type-fossils in much 
the same way as does a geologist. These types are 
constantly refined and subdivided. An archeologi- 
cal type- fossil may be any work of man. but ideally 
it is some object of common use whose form is sub- 
ject to change through either the whim of fash- 
ion or technical improvement. An example is the 
simple flint arrowhead with side barbs and central 
tang; it is typical of the British Bronze Age and 
was not in fashion earlier or later. A well-known 
sequence of types is provided by the European 
bronze axe. The earliest and simplest bronze axe 
was a flat open casting. Such features a* lateral 
flange*, stop ridges, and securing bmps graduall) 
evolved, and the final form, the socketed celt, could 
be produced onlv by the use of complicated piece 
molds. Such modifications serve as guides for com- 
parative dating of successive type*. 

The nature of the object used a- a lype-fosjdl is 
immaterial and its u-e may not even be known. For 
instance, in the future the metal springs of modern 
clothespins remaining after the wooden side* have 
decayed may serve archeologists in defining a pe- 
riod and a cultural distribution, even though their 
original use is unknown. 

Equal in importance to chronological sequence* 
are the spatial distribution* of different ty pe-fos-il*. 
because from maps of these distribution* archeolo- 
gist** are able to infer trade and other relation* be- 
tween different social group* and to discover the 
area in which an invention, although later diffused, 
was originally made. 

Cultures . Croups of type* repeatcdlv found to- 
gether are referred to by archeologist* a* a culture. 
However, a true culture is the sum of all th- ideal*, 
activities, and materials f perishable a* well a* im- 
perishable t which characterize a society of human 
being*; and an archeologist may he dealing only 
with site* which are possibly temporary and sea- 
sonal camps so that his find* may represent only 
part of imperishable relics of the society. Entirely 
different tool* may have been needed and made 
for winter and summer activities. Recurrent assem- 
blage* of any artifacts of a limited range of sub- 
stance and variability are known as industries, for 
instance, flint tools which are not associated with 
any other assemblage. 

As compared with the man who studies princi- 
pally the interpretation of all find* and who works 
mainly at his desk and in the museums, the field 
archeologist is concerned primarily with evidence 
of man’s former existence, man’s disturbances of 


the earth’s natural surface, and with strut ignip| )v 

Stratigraphy. A community living on any gj Vf . n 
land surface will let fall its rubbish and lost p l0 p, 
erty on that surface. Its buildings also will he on 
or dug into, that surface. After the structures lu, Vf . 
collapsed and have been strewn over the surface 
the site may again he occupied. Thus the field ar 
cheologist must recognize ami differentiate between 
the layer* und relate to them graves and pits du t 
below such occupational horizons. 

Mere equivalence of level does not indicate <<,„ 
temporaneitv. for there can be misleading inixinr,-^ 
of successive occupational debris upon one sn r . 
face. In sandy areas. *uc«cs«d\c occupation* have 
often been covered b> successive lavers of (down 
sand. Where the covering layers are intact, no bn 
ter sealing and separation of industries can 1, 
found. However, if the activity of the wind is Ir . 
versed and sand is removed instead of deposited, 
two or more distinct lavers M f human artifacts mi<i\ 
become fal-rlv associated. 

The field archeologist must therefore s|,id\ t lie 
processes of stratification and rei ogni/e the differ 
cures between scaled and disturbed strata. Even 
when the industries of -u«< c-sivc lavers *eem to In- 
identical. a sfati-tii al unulvris ot the finds riiii-t In- 
made to disclose anv different e in tin* pinportinn- 
of certain type*. This was done with ceitum upper 
Pulcolithii Hint implements from well sealed • av > 
deposits in France. 

The archeologist in the field learn- to len.^m/e 
anti interrelate all kinds of natural and artifni.il 
disturbances of the ground and in appreciate fhur 
topographical position. He win not lie aide to <]<• 
so in all cases without digging. 

Excavation. An heological ev» avation should in*l 
be undertaken miles, it^ purpn-c is to provide .mi 
swers to definite question-, for example, it -If n 
find- have been coming from an area, evident »•! 
the former r\i*ieu« e of some stnntme ruav l» 
sought, flareful removal of the upper lavcr- 
earth mav provide indications of trenches and holes 
dug at one time to hold long-disappeared timbers 
Or. if a mound has been discovered, its <on-triu 1,0,1 
and the nature of the ground’s surface befme it vu* 
buried, as well as the contents of the mound mu' 
be investigated. The plan and date of a Imildm- 
may be under investigation. (Hearing out of inom- 
and their surroundings, so that the ancient wall' 
stand free, remove* important stratified layer* «»l 
debris which probably contain the desired answer- 

The chronological relationship between two 
structure* which lie hide by ‘hide rnay be of inter 
e.M: it ran, |>erha|.«. Ik- sh.^vn thal one 
the other. At a junction of fjw° eulture areas, t u 
society responsible for huildfng a certain hiIM«»ri 
may be determined. Of interest at this same hit* i 
the question of fusion of the cultures. On a *»rM r 
scale, one mav wi*h to ascertain the 
successive extent*. economic*. and purposes ** 
eupation of a *itc or an area. , 

When *tray find* have been made, the arc ^ 
gi*t may seek other find* to which an exa*t 



n be ascribed; hi? may also attempt lo make a 
irulv representative assemblage of art i fai ls where 
previously only stray and selective collections have 
|„*t'n made. 

Often rather hurried excavation must l>e under- 
lakm before the advance of I wentietli-rentnrv in- 
Ju-tiv which, hv deep plowing, quarrying, building. 

I leveling for airfields and the like, is constantly 
|Hr<»ving antiquities. Such excavation has been 
,, r|I|l d rescue excavation. Normally, excavation 
hoiild n»* be undertaken unless it is parr of a 
Hindered plan to provide lacking information and 
archeologists in completing their prehis- 
. \nv other digging will he. at worst, simply dr- 
ma tioii of an irreplaceable record. because all 
vavation destrovs. 

In IW4 F. Petrie wrote. “To leave a site merely 
ilundcred. without anv attempt to work out its his- 
1(IX to see the meaning of the remains found, or 
(i |,,|)i|j*h what mav serve future students of the 
,| J( ,‘oi the siibjei-t. is to throw awav the oppnrt'i- 
,j tl .s which have been -nat< bed from those who 
nijiht have used them proper l> . To suppose* 
i u , ,. x , mating one of the affairs whic h needs the 
u.I.-t knowledge can he taken n |» In persons who 
[r iwimrant of most * ,|) the technical reqnire- 
)lM is |s t , fatuity which has led and '■till leads, to 
m „.t niisetahle c .iMsimplles Far better let 
lin(I . Ii«s a levs centuries longer underground, if 
CHI he let alone than repeat the vandalisms 
• ...M iiges without the excuse of being a barbar- 
i r< M rhete is no need to alter his statements to- 
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^hed light upon the history of the domestication of 
animuls and the development of man's own bodily 
structure. .See Fossil man. 

Mineralogy . | he mineralogist has been called 
upon to compare and identify the sources of metal 
ores and materials used in the manufacture of im- 
plements. and to name the origin of stones. Without 

the inin**r-il..-: ... 


rmgiand were made. 

/Vivvirv. I he s 4 ience of phy-ir- has provided the 
ar. hr*o]ogjst with a means of dating in years some 
of his finds, for it has made available the studv of 
I he rates of decay of radioactive substances. The 
'tiidx of p.ilcnmagnetisni and the orientation of 
magnetic particles in strongly heated structures 
and pottery may eventually provide a means of dat- 
ing archeological finds. using the proton mag- 
netometer. which measures minute differences in 
magnetic fields the archeologist is sometimes able 
to confirm the suggested existence of filled-in .pits 
and ditches ,,{ which no evidence appears on the 
ground's surfae §• 

Olhcr techniques include the use of air photo- 
graphs In map known sjtes H | U J to discover new 
ones; the use id special underground photographic- 
apparatus. such as photographic drills, to penetrate 
into the earth and record the interior of buried 
ch. mhers; and the use of electrical instruments 
whic h record differenc es in electrical potential and 
thus detect irregularities below tire surface. See 


Relation to other disciplines, ft lias been -ug 

,.tu{ in the preceding that an archeologist ii^r- 
lt ,,v of the disciplines of the physical and natural 
mn.es \ few c an be briefly mentioned 
1,, ‘aloft v. The study of geology provides a know] 

.i/f of the surface upon which man lives, the nat- 
nt harriers and obvious routes, ami the source of 
rev uhi, h man uses, (icoiiiorphologv provides in 
•rtn.it i»n regarding changes in sea level, ami the 
xiont cef glacial ice sheets and loess deposits. It 
rvrs as a ba*is for assigning relative dates to ar- 
hnilogical discoveries, parti* ularlv »»f Paleolithic 
’•'lie implements Sec (»ia<iaI. M*oc h ; PiMsio- 
: Sihand tlNK; Yarw . 

( hmitUflogY ami palrohotanx. These disciplines 
J ' p provider! information regarding former e li- 
'dtrv an d the composition of floras whic h have van- 
•hoi. The studv of pollen and other vegetable re- 
iains in peat bogs ami elsewhere gives valuable 
ik'rmation about floras. Dates also have been de- 
'un' fd hv studving annual gtowtb in trees. The 
hnlifimtion of c ereal grains in the surface of an- 
^ P«tti»rv has helped in piecing together the 
orv beginnings of agriculture. »e 1 >im»ko* 
HR,, vuoc.v: Palynoi.oi.y; Posti;i .% mi. nm.fta- 
,0N ''m CLIMATE, 

M'ontoln/ry. The studv of fossil remains helps 
^ fitrheologim identify finds of bone, antler, and 
° r>< an ^ reconstruct man's natural environment 
1 Mlr# ^Mve periods. Paleontological ^tudif* also 


\ntMi nicmcm.kvch : R aihocarbon iiatim.. 

(.hrwisiry The studv of chemistry provides a 
knowledge of natural processes in the soil and 
h**V in the idenH -aiion of invisible evidences of 
cMiupjtion. such a decayed layers of buried turf. 
Certain chemical techniques also make possible 
the pie«ervatio: and reconstruc tion of archeologi- 
i ,i I finds f«»r studv and exhibition. See ArchkiLOi.i- 
c ai c hfmisiry: Chemical dati\x. 


The ar< henlogist rnu-t have some understanding 
of all these sciences to extract from sites and ma- 
terials every possible piece of information which 
max lead to a fuller prehistory. One ability, how- 
ever, i* a necessary prerequisite if the archeologist 


is to make anv contribution to man’s inheritance 
>f knowledge; he must able to record and pub- 
1 ,, every minor fact for the benefit of bis cob 
leagues and Mice essors, because the writing of pre- 
history requires the synthesis of all archeological 
discovery and interpretation. .Sec Anthhopcii or.Y. 


heozoic 

iarne tor the earlv or Archean part of Preeam- 
m time in common use both in North America 
I other parts of the world. The earliest moM 
r>iden. e « of life in F.arK lVcambnan 
k, i« M.|.pli.-d l.> the ••onerntrir form- in l.mo- 
and dolomite believed to have been formed 
al^ae. An m.tMandinp feature of Archeozoic 
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formations is that they have all been folded, re- 
crystallized, and intruded by granite or other 
igneous rocks. See Algae fossils; Prkcamhriav. 

[ M.K.W. | 

Bibliography: F. F. Grout, J. W. Gruner, G. M. 
Schwartz, and G. A. Thiel, Precambrian stratig- 
raphy of Minnesota. Geol. Soc . Am . Bull.. 
62(9 1:1017-1078, 1951; P. E. Raymond. Precam 
brian life, Geol . Soc . Am. Bull., 46(3) :375 391. 
1935. 


Archiacanthocephala 

An order of the phylum Acanthocephala. The adult 
worms are parasitic in terrestrial vertebrate*. The 
body wall and lemnisei of species in this order have 
numerous amitoticallv fragmented nuclei or a few 
ameboid giant nuclei. The main trunks of the lacu- 
nar system are dorsal and ventral, or dorsal. Typi- 
cally, there are eight separate cement gland* in the 
male. Two ligament sacs are present in the female, 
one dorsal, the other ventral. They are persistent 
and united with the openings of the uterine bell. 
The eggs are elliptical and have a thick shell. Jhe 
proboscis receptacle has a conspicuous ventral 
cleft or is a closed sac with twovoncentric muscle 
layers. The proboscis hooks occur in long rows 



f adult worms in th« 
Inttstims product 
numerous tgqi 


the egg* are /(HfTgl \ 
eliminated in the / A 

\ droppings of/ ^ 

\ ' fl * # * # * < * / May beetle grubs 
» \ / feeding on swine 

\ /manure swallow the eggs' 
\ / and become infested 


swine acquire thorn-headed worms by 
swallowing Infested grubs 



Ufa cycle of the thorn-headed worm, (from USD A 
formers Bvfhtin 1787 , 7937) 


or spiral rows, and the trunk lacks spine*. Tf u . 
cystacanth occurs in grubs, roaches, and gras*hm, 
pers. 

Some common archiacanthocephalans arc () ru 
cola canis. Moniliformis moniliformis and \1<ic r ,i 
canth orh ynchus h i rudi naceus . 

Onicola canis is a short plump acanthocephalun 
primarily parasitic in dogs and other Canidae. |, 
occurs also in cats. The body of the adult, 6 14 „„„ 
long, is short and heavy with irregular cross, hir . 
rows. The globular proboscis has 6 spiral rows ,,f 
6 hooks each. Male organs occupy more than one- 
half the length of the body. The arthropod Jn t#-r 
mediate host is unknown. Cystacanths ha\e U v „ 
found in armadillos and in the e.sophagcul walk ,,t 
turkeys, which indicates a transport host in the lit,, 
cycle. 

Moniliformis moniliformis is an elongate a< an 
thocephalan which is parasitic in house rats. Tim 
females are 10 30 cm long whereas the male* mr;,* 
lire 6-13 cm. The body of both sexe* exhibits um 
spicuous pseudosegmentation except on the *-\ 
tremities. The proboscis is cylindrical with 12 Is 
rows of 10 or 11 hook* each. Male organs are con- 
fined to the posterior half of the body. Eight p\n 
form cement glands art- present and the trs|<*s ar* 
long and elliptical. The egg is elliptiial with ,, 
clear, thick, outer shell. Gockroaches. PeripUnuiti 
americana, serve as the intermediate host: how 
ever, in Europe a beetle. Bfaps rnneronuta. i* ill* 
intermediate host. The <v starantli develops linuii 
lateral flange*. Occasional!} infection*- have hem 
found in man. 

\iacraranthorh\nchus hirmlinaceus is the guni 
thorn-headed worm of hogs and i* probaldv tlm 
best-known of all acanthocepbalun* because of it- 
cosmopolitan distribution. Female* measure 2. r > u« 
cm in length and the males 5 10 cm. The worm- 
are pinkish with a tran*versrl\ wrinkled hoih 
which tapers from a rather broad anterior end t" i 
slender posterior end. The proboscis i* gh> lm l.i r 
with 6 spiral rows of 6 hook* each. The te-tc*- arc 
elongate and located in the middle of the bodv «»r 
anterior to it. The 8 cement gland* are elliptical m 
shape, arranged in 4 consecutive pair* in the pn-tr 
rior portion of the body. Eggs are elliptical in 
shape with a heavy, dark brown, outer shell whhk 
is irregularly grooved and ridged, giving it a sculp 
tured appearance. At least 25 species of scaraband 
beetle larvae have been reported as intermediate 
hosts. The cystacanth is cylindrical in shape. In ad 
dition to their occurrence in the domestic pit: 
adults have been reported to occur in squirrel*, 
chipmunks, moles, and Occasionally man. lj ,,H 
acanthocephalan is of considerable economic im- 
portance to the hog-raisiilg industry. See A(* v 
THOGEPtf AI.A ; CoLEOPTERJ|; ObTHOPTKRA. 

| d.v.m. 

Archiannelida 

A name applied to a small group of unrelated an 
nelids, probably not primitive as the name itnij ' ,e ^ 
which resemble existing polychaetes and 



doubtful relationships with established families 
Most live in marine or brackish water and mnir in 
intertidal, estuarine, or fresh water habitats whirl, 
have access to the sea. They are charae terized by 
their vermiform body and small si/e. with lengths 
ranging from u fraction of I rnm to a few millime- 
ter* and, rarely, to 80 min. Organ systems are vari- 
ously reduced or absent. Parapodia with setae mav 
be altogether lacking. The epithelium is smooth 
or ciliated. Cephalic and anal structure* are often 
hifchlv evolved as holdfast organs, to maintain ex- 
istence in turbulent intertidal zones and shifting 
sands. 

The best known are the Dinopbilidae with 3 gen- 
era and 12 species, the Nerillidae w ith 3 genera 
and f> species, the Polygordiiduc with 3 genera and 
12 species, and the Protodrilidae with 1 genus and 
20 species. Two other families, represented h\ sin- 
gle genera and 10 species, bring the total to about 
00 species. Nee Annki.id*. [o.n.] 

Archichlamydeae 

One of the two divisions of the subclass Dirotvle- 
doneae. including the primitive Apctalae (without 
petal* I and the Pnlvpctalae (having flowers with 
lepurate petals t. This division contain* 20 orders. 
«*r about three- ioiinft* t#f the dicotv ledons. See sep- 
arate articles describing the order* of the I)ic«tv- 
ledoneae: ,<ee a Iso Ani.iomO km A t : Kmbhno- 
itniv: Pi. ant kingdom. !im».] 

Archimedes' principle 

\ IhkIv immersed in static fluid i* acted upon hv a 
\eiti» al force eipial to the weight of fluid displaced, 
ond a body floating in the fluid displaces it* own 
Height of fluid. For example, a balloon ascend* be* 
<au*e it displace* a volume of air which weigh* 
mure than the* weight of the balloon. This princi- 
ple wa* tir*t stated bv Archimedes (m. 2H7 212 
r. c i and was used bv him to determine the relative 
amounts of gold and silver in a crown. The prim i- 
pie can be proved bv determining the difference in 
vertical components of fluid force acting on the 
lower and upper curved surface* of the hodv. This 
force, called the buoyant force, acts vertical!* up- 
ward through the centroid of the displaced volume 
“f fluid. Nee Bcoyancy: Firm statics: HYDRO- 

SI MIC s. 

To find the specific gravity of a body, it i* 

■ weighed separately in two fluids of densities y, and 
y ■: as illustrated. If its volume is Y and it s weight 
und it weighs b\ in the fluid «»f densitv y, and 
F.> in the fluid of density y then 

y _ F J ~ F t w _ fi>t 7JW1 

>* - y« 

Its ‘■|wvifjc wriftht if* then 

r F,y, - Ft y, 

ym T m Ft - Ft 

*nd it, aperitif gravity in thr value of y divided by 
sprrifir weight of water at standard conditions. 
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Free-body diagram for body suspended first in on, 
fluid and then in a second fluid. 

I hat is. specific gravity is the ratio of the density 
of the substance to the density of water, or it can 
be given a* the ratio of specific* weight of the sub- 
stance to specific weight of water, at standard con- 
ditions. 

Specific gravity of a liquid may lie related di- 
rect 1> to its significant property. Thus, charge con- 
dition of an clectrolvte in a storage battery, freez- 
ing teinper'Mire of a coolant, and energy density 
of a fuel such as kernsine are proportional to the 
specific gravities of these liquids. This correspond- 
ence provides a convenient and rapid means for 
measurement. The hydrometer uses Archimedes* 
principle to determine the specific gravity of liq- 
uid*. It is a weighted body with a thin stem ar- 
ranged *o that if float* verticals with liquid sur- 
face at some position along the «tein. depending 
upon the spec ific gravity of the liquid. With a liq- 
uid of les* specific gravity than water, more of the 
hvdiornetei i* submerged, so that the weight of dis- 
placed liquid i* the same in each case. By gradu- 
ating the stern, specific* gravities may he read di- 
rectly from is depth of immersion in the liquid. 
Bec ause *pec :f « gruvitv mav vary rapidly with tem- 
perature. a temperature correction or measurement 
al a stated temperature is nece$*ar>. |y.l.s.] 

Architectural acoustics 

The science of planning and building an enclosure 
to ensure the mo*t advantageous flow of proper!) 
diffused sound to all listeners. The goal of archi- 
tectural acoustics is to design a structure in such a 
manner that it will contribute to speech intelligibil- 
ity and to the aesthetic qualities of music in an 
environment free from external noise. The primary 
problem* are the ‘election of the site: the ar- 
rangement of the rooms within the building: the 
design of the shape and size of each room: the 
selection and placement of absorptive and reflec- 
tive materials to provide optimum conditions for 
the growth, decay, and steady-state distribution of 
sound in the room: and provisions for adequate 
noise control. The la*t topic is discussed sepa- 
rately; .tee Noisf. control in buildings. 

Sound fields in enclosures. The boundaries of 
an enclosure alter the distribution of sound emanat- 
ing from a source bv confining the energy that 
would, in the open, proceed outward into space. 
For example, if a source of sound which produces 
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the same sound level at all frequencies at a given 
point in the open air is placed in a room, the sound 
pressure at the same distance from the source will 
no longer be constant with frequency but will be 
much higher at the resonant frequencies of the 
enclosure. 

The resonant frequencies, also called natural fre- 
quencies or eigen frequencies, of a room are usually 
difficult to calculate. However, for a rectangular 
room having smooth, hard walls, the computations 
are simple. If /.. W , and H are the length, width, 
and height of the room, respectively, and c is the 
velocity of sound, the resonant frequencies / of the 
room are obtained by substituting various integers 
for n, m, and p in the following equation: 

'~;[® ,+ (;y+(0T » <« 

The integers n. m, and p specify the mode of vibra- 
tion. For example, the resonant frequency corre- 
sponding to the (1,0,1) mode is obtained by sub- 
stituting n « 1, rn = 0, and p °= 1 in Kq. < 1 ». As 
n. m, and p increase in value, the frequencies of 
resonance increase, and the peaks representing 
sound pressure overlap and come closer and closer 
together. Finally, the resonant frequencies of con- 
tiguous normal modes are so close together that 
the overlapping peaks coalesce. These resonant 
frequencies of a room usually are not distributed 
uniformly with respect to frequency. In some fre- 
quency regions the modes “pile up,’* thereby affect- 
ing the acoustic response of the room. The distribu- 
tion of the normal modes of vibration of a room is 
one of the considerations which determine the 
optimum proportions of small rooms whose acousti- 
cal characteristics are of importance, such ' as 
broadcasting studios. .See Mont: of vibration. 

Wave, acoustics. The derivation of Kq. ( 1 » i* 
based on considerations of the wave properties of 
sound, that is, on the methods of physical, or wave, 
acoustics. Wave theory can be used to calculate the 
transient and steady-state behavior of sound in rec- 
tangular rooms and in a few other regular shapes 
having special distributions of absorptive materials. 
However, the formula* become so complicated in 
practical problems in which nonuniform boundaries 
and many modes are involved that it is not feasible 
to present a complete set of practical design for- 
mulas based on physical acoustics. However theory- 
can be useful in providing a qualitative explana- 
tion of acoustical phenomena, even in complex 
situations. For example, when a source of sound is 
turned of! in an enclosure, the decay of sound gen- 
erally does not take place uniformly; instead, the 
sound pressure fluctuates as it decreases (see 
Reverberation ) . These fluctuations may be ex- 
plained by physical acoustics in the following way. 
The source sets into vibration the normal modes of 
the room, exciting to the greatest extent those 
modes that have resonant frequencies nearest the 
frequencies of the source. Each mode has a differ- 
ent sound-pressure distribution. When the source 
is turned off, the sound pressure of each excited 


mode will decay at its own rate. In so doing, the 
decaying modes interfere with each other, and 
produce pressure fluctuations. 

Hay acoustics . In contrast to physical acoustics 
the methods of geometrical, or ray, acoustics 
sume that sound travels us rays, in a manner similar 
to that of light rays. Upon reflection from a w a || 
part of the acoustic energy is Absorbed and part 
reflected; the angle of the reflected ray is equal to 
the angle of the incident ray if the surface is | ai j, r . 
compared with the wavelength. Analyses of the 
havior of sound in rooms based on geometrical 
acoustics generally employ the following assump- 
tions which oversimplify the uctual conditions 
which prevail: (1) that the wound in the room is 
perfectly diffuse after a large number of successive 
reflections of the ra\s which emanate from the 
source; (2) that onlv the frequency of the sound 
source is present during the growth and deeav. .See 
Reflection (soi’.nd). 

Diffusion. Sound is said to be perfectlv diffuse 
in a room if its pressure is everywhere the *ame. 
and if at all points in the room it is equally prob- 
able that waves are traveling in every direction 
It is impossible (and undesirable from the stand 
point of both performer* and listeners » to obtain 
complete diffusion. Under steady-state condition*, 
diffusion increase* the nmformitv of the spatial 
distribution of sound pressure. Under trannen! 
conditions, diffusion increase* the unilormitv in t tit- 
rate of growth and do« a> of sound in a loom Ditfu 
sion of sound in a room N in* reused l»v ohje»|* 
within the room that ** atter and thu* randonii/* 
the direction* of the sound waves, and b> the in» ^ 
ularities in the geometry or the absorptive treat 
ment of the wall surfaces. Si altering agents, su* h 
a* splays or patches of absorptive material. ,ir» 
rnoM effective as diffuser* for wavefength.* of sound 
that are of the *arne order of magnitude a* then 
dimensions. 

Steady 'Stntr pressure level. The stead\-*t«it* 
value of sound-pressure level I. i* reached in nn* t 
rooms after the sound source has been on for le** 
than 1 2 sec. At distances greater than about f) ft 
from the source, it is given approximately h\ 

L - HU,*.* + 1 36. 1 <lb 
a 

« /,*- 10 log a 4- 16. i 'lb V' 

where W is the acoustical power output of tin- 
source in watts, a is the total absorption in the 
room in sabins, and is tlfe power level (relativ* 
to 10 ,a watt) of the source. This equation iwh 
cates that the average sot|hd- pressure level in u 
room is independent of thS volume and shape, of 
the room. It depends only On the rate of emi^i" 11 
W and the total absorption of the room a if t!ij’ 
conditions for geometrical acoustics are fulfilled 

.See Absorption (sound). 

Transmission through partitions. The fraction 
of air-borne incident sound energy transmiuj* 1 
through a partition is called its transmission roe i- 
dent r. In rating the noise-insulating value " 
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Mpl n. flats 


concrete itob reiilfanfly suspended < 

4 ln. concrete slab conventional suspended celling. 

Mn. x 4-in. wood studst 6*^ ■ I 

6-In. p ^*»er J plaster plaster] 

Hr-. 
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I door, M«*in. wood panels 


2bj-in. heavy wood 

1 
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The relation between average sound transmission loss and mass per unit area of partition. 


30 40 50 60 80 100 


r > iHitimi". w inflows. .mil floors. it i- ronxcnirnt t«> 

• ::i i»l* »\ .t log.ir ilhinic quantitx. lo-s 

if I vv h i« h i- rqu.il In the vi uni K»«*r of <!♦*< ihd- |»\ 
a In* ii sound mngx m< idem on a partition i- 
:• tin. *-#l a*' u result of 1 1 ansim-sion through it. Tin* 
'so ijii.int it i«*^ arc related l*\ the «*< (ii.tt i«*n 

77. - If) i«.p .11. (31 

\ir-lu>nt<* sound i*- transmitted through a so- 
rigid paihlion !>> Inning the partition into 
•<l*tJtii.n : then the \ihrating partition heroine- a 

\ source ami radiate- -ouiid to the ^ide 

, !'l*'»"ite the original sourer. ()\rr a large portion 
f lu* audible range. such a partition approximates 
> ui.i— < ontifdlesl -s-tem, so that one might expert 
'hat it- tran-mi— ion lo-- would itn iea-e b\ (» dh 
'■■“'Ii linn* the weight of the partition i- doubled, 
h* nm-t partition- the increase i- u-ualh \ 5 dh. 
^ I|s »*• illustrated h\ Fig. 1. xxliii h gixr- the trans- 
^iii--ir»n lo-s (averaged o\ei the range 12. p > tO00 
'V" a funetion of weight of the partition in 
'""uwU per st pm re foot of surface area. Figure 1 
that a compound-wall construction, for ex- 
,,ni l'h'a double wnll, can \ield ielati\el\ high -ound 
llla *||iafic»n with relatively low mass per unit wall 
,,rp ‘ 1 * It i* important that the separation between 
f,, ‘ *«dls in such constructions he as complete as 
I'^dhle; structural lies will greatly reduce the 
! ,f * r, ivene-s of such a structure. The transmission 
* wall or partition is not constant with fre- 
nienev. hut usually increases 3 A dh octave. 

Acoustical design of rooms. The floor plan and 
• M ^ a l )e of the ceiling and walls of a room are 
,IB Portant factors in determining its acoustical 


properties 'I he optimum length-width ratio is not 
.i fixed nutnher, but varies with the -i/.c and shape 
"• th f * ^eating area: it al-o depends on whether a 
-mind-amplification s\-tem is used. For mo-t rooms, 
length-width ratios between 2:1 and 1.2:1 have 
been found -ati-fai torv. 

Reflntion and echoes. In order to bring a large 
audience a- eh «e as possible to the stage of an 
.. 'ditorium. it i- -ually advantageous to design a 
floor plan with diverging side walls. Reflections 
Irom the ceiling and from these walls can aid in the 
e-tahli-hnien! of a higher sound lex el at the rear of 
the auditorium These reflection- must he carefully 
(ontmiled. because the reflected -ound always 
travel- a greater distance than the sound that 
reaches the listener hx a direct path. If the differ- 
ence in these paili lengths is greater than 65 ft. the 
time del. iv in the arrixal of the reflected sound is 
sufficient to enable the listener to hear it as a 
separate sound, that is. as an echo. Path-length 
differences »»f 50 65 ft produce a blurring quality. 

V geometrical law of reflection can be used to 
determine the proper angle for the ceiling and side- 
wall reflecting surfaces so that tliev will guide 
sound to those seats where the sound level is not 
adequate. Some parts of the side walls in xery large 
auditoriums max cause echoes. In such instances 
these surfaces should not he smooth and reflective 
but either should be “acoustically rough*’ to diffuse 
the sound or should he covered with highly absorp- 
tive material. See Kruo. 

Flutter echoes (echoes in rapid succession ) fre- 
quently occur in rooms haxing smooth, hard, paral- 
lel wails. Thcx can be avoided hv the use of dif- 
fusing elements on the walls, by the use of diverg- 
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ing or tilted walls, or splays. As little as %-in, 
splay to the running foot will prevent flutter. 

Seats. Because an audience constitutes a highly 
absorptive surface, sound waves which graze the 
listeners are greatly attenuated. Hence, it is good 
auditorium design, from a standpoint of hearing 
as well as seeing, to elevate the seats in order to 
promote a free flow of direct sound from the source 
to the listeners. 

Walls . In the acoustical design of all rooms, large 
concave rear walls, such as those which follow the 
curvature of the last row of seats, should be 
avoided. Walls of this shape are responsible for 
troublesome echoes and delayed reflections in many 
theaters and auditoriums. These detrimental re- 
flections can be converted into beneficial ones by 
introducing a ceiling splay between the ceiling and 
the rear wall. 

Floors and concave surfaces. Unless carefully 
designed, circular and elliptical floor plans nearly 
always give rise to focusing effects, nonuniform 
distribution of sound, or echoes. Frequently the 
acoustical conditions in such rooms can be im- 
proved by the addition of convex diffusing surfaces. 
Concave surfaces such as domes, cylindrical arches, 
and barreled ceilings should be avoided unless 
given careful acoustical design consideration. 

Balconies. Good acoustical design of a balcony 
recess usually requires a shallow depth and a high 
opening. For optimum conditions in an auditorium 
or theater, the depth should not exceed twice the 
height of the opening. Under such conditions sound 
flows readily into the space under the balcony. 

Sound-amplification systems. Figure 2 is a sim- 
plified block diagram showing the essential parts 
of a single-channel sound-amplification system, ft 
consists of one or more microphones, preamplifiers. 


microphones 



loudspeakers 


Fig. 2. Single-channel sound-amplification system. 


equalizers, and gain controls, all connected in SJ 
single amplifier, which in turn operates one or niui> 
loudspeakers. Sound-amplification system* arc u„, ( j 
to increase the sound level in large rooms. aUf j,. 
toriums, and theaters; to provide paging and an 
nouncing facilities; and to reproduce radio and 
recorded programs. A good sound-amplification 
system is characterized by uniform and adequm,. 
cov erage, low noise level, and negligible distort inn 

For faithful, undistortcd reproduction, all tin- 
useful audio-frequencies should be amplified nea r | x 
equally. In some cases, however, a nonuniform li>. 
quenev response is beneficial. For example, sup. 
pression of the low frequencies is desirable foi || H . 
reinforcement of speech in rooms that are 
sivelv reverberant at low frequencies, because j, 
increases the intelligihilitv of the speech ami n. 
duces the possibility of acoustic feedback (howl 
ing G 

Placement of loudspeakers. In an auditorium, ii 
i* desirable to preserve the illusion that the ^»un«| 
comes from its original source. In a singles hamicl 
sound-amplification system a single location lm tin 
loudspeaker*. a* near the .source as pu*^ibh\ help, 
to preserve this illusion. In order to obtain guml 
coverage of the entire seating area the loudspeak- 
ers are elevated, iisiiallv 10 IS ft above the Man' 
or platform floor. When a single loudspeaker nr 
single group of speakers G used, it should h» un 

trally located, just above the proscenium openiii,: 
In factories, restaurants, and large lev^rbeiant 
rooms, the use of rnanv low-level loudspeakers pinp 
rrlv distributed over the listening area m.i\ he pi* l 
erahle to placing them all iflra single location 

Stereophonic systems. When sound originatin': 
at several locations on a stage is amplified 1 *n a 
single-channel amplification -vstem. the Muitia! 
character of the original sound is almost entiirh 
lost, (rood auditor) perspective can he obtained lo 
the use of a sound system in which two or nmr»* 
separate channels are emplnved to give the listen 
er*’ two ears the required differences of sound quid 
itv and arrival time. A s\*tein of this tvpc. which 
reproduces sound so that it tends to muintain ii* 
spatial character, is called a stereophonic so'ind 
s> stern. See STFUKoriinM** sor\r>: see oho Nu 

[ C.V1.M 1 

Bibliography: C. M. Harris ted. G Handbook <*/ 
Soi.se Control , 1957; V. 0. Knudsen and (.. M- 
Harris. Acoustical Designing in Architecture, l‘G0 

Architectural engineering 

The branch of engineering dealing primarily "hh 
the structural design of buildings rather than t e 
structural design of heavy construction such aj 
bridges, dams, and highways. The term is a | so 
to indicate a field embracing all of the engineering 
aspects of building design, including mechanic a 
and electrical equipment, architectural aroustii*- 
and illumination, in addition to the historic P n 
mary interest in design of the building $tni<tur<* 
When used in this broader sense, architectura <* 
gineering still connotes building structures 




specialty Mnoe the growing complexity of ih.- o»her 
field* generally requires their engineering design to 
If accomplished by specialists trained i n the perti- 
nrnt branc hes of engineering. Howevei. the f un « 
,i„n of coordinating the structural, mechanic al and 
electrical system* with each other and with the ar- 
rliitectural scheme is often the responsibility of 
the architectural engineer. 

Bcrausf of the complexity of modern building, 
the need for engineers trained to appreciate if,,* ar _ 

, hitectural problems involved in building design is 
greater today than it was in the early lH90s when 
the first architectural engineering curriculum was 
Established at the University of Illinois. The devel- 
npnient of such curricula has varied widely among 
the colleges and universities offering work in this 
held and been influenced strongly bv the altitudes 
of the various departments of architecture and en- 
gineering. The undergraduate architectural en- 
Unerring curriculum usually offers a thorough 
grounding in mathematics, structural theory, and 
building materials; sufficient work in the engi- 
neering sciences, such as theimodv mimics and 
electrical theory, to lay a foundation for intelligent 
mlkihoration with mechanical and electrical engi- 
neers; and enough *tiidv of architectural design OT 
i«mlding‘t\|ie analysis to understand the impor- 
tance of technological factors in meeting the occu- 
fi.im \ requirements of :i building. 

Cnlbism has been le\eled that such curricula 
■eqiecialb where they are onl> four years in 
length! do not have sufficient depth to warrant ac- 
'rniuatiou as an engineering curriculum. One 
"f thought contends that graduates in ei\il. 

• Ic trical. and mechanical engineering should sup- 
plement their undergraduate work bv graduate 
-tiidv. perhafis in a sc hool of architecture. A more 

• iimprehen^ive background in the engineering sci- 
»mi. e*. would thus be achieved than is possible in 
imM undergraduate architectural engineering cur 
ri. ula. 

Nevertheless, the Engineers Council for Profes- 
v i'»n.il Development, the accrediting agenev for en- 
gineering curricula. listed 19 architectural engi- 
neering curricula as accredited in 1958. (Graduates 
"I Mich programs may. in many states, become reg- 
istered as professional structural engineers. Some 
‘'tale registration laws permit the designation ar- 
» hitectural engineer as a professional specialty 
H jule others, such as New York, prohibit the use 
“I this title unless the individual qualifies for li- 
^nsurp as both an architect and an engineer. To 
’h'pel the professional and public confusion the 
A »*rican Institute of Architects has suggested the 
,erm building engineering be substituted for archi- 
^‘tural engineering to designate engineering cur- 
ru ,, l a devoted primarily to building problems. 

fn.D.iiA.] 

Archosauria 

^ reptilian subclass containing the orders Croco- 
i^!®; Saurischia fsaurischian dinosaurs). Ornith- 
h< In fornithischian dinosaurs). Pterosaur ia. and 
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>0 cm 



Su» of Chosmatosourus. a primitive archosawr (order 
Thecodont, a). Early Triassic of South Africa. A. antor- 
b'tol fenestra; O. orbit (eye socket); T. temporal fe- 
nestrae. (After Broili and Schroeder) 


h dontia. Typically, archosaur skulls have the 
H '° ,,a,r ‘ , ,,f f 'Penin KS in the temporal region as 
in the Lepidosauria (with which they arc 
sometimes grouped as infradasses of the subclass 
Itiapsida t, and also an antorbital fenestra between 
orbii and nares. They lack a pineal foramen, and 

,a V' "" ,,ala,al "' e,h - Thev are frequently bipedal, 
an, ,\en the quad ru pedal arehosaurs generally 
have rear legs much longer than front ones. Closer 
relationship to the Lcpidosauria than to other 
major reptilian groups is doubtful. .See Crocohima; 
(.Rotoun.u fossn.s; Dinosapk; Ptkbo.saijhia; 

I IIM ODO.M IA ; srr also LefIDOSAURM. 

[J.T.C.] 

Arctic and subarctic islands 

Defined primarily by climatic rather than latitudi- 
naJ criteria. Arctic islands are those in the North- 
ern Demi's jiliere where the mean temperature of 
the warmest month does not exceed 50°F and that 
of the coldest is not almye 32°F. Subarctic inlands 
are those in the Northern Hemisphere where the 
mean temperature of the warmest month is over 
SO F for le- 'ban 4 months, and that of the cold- 
est is jess than ^ /C F. 

Such islands generally are in high latitudes. Dis- 
tribution of land and sea masses, ocean currents, 
and atmospheric circulation greatly modifies the 
effect of latitude so that it is often misleading to 
use location relative to the Arctic Circle as a sig- 
nificant criterion of Arctic or subarctic. The largest 
proportion by area of the islands lies in the 
Western Hemisphere, primarily in (Greenland and 
in the Canudian Arctic Archipelago. 

Diversity of land surfaces. Physiographically. 
the islands include a!! the varied major land forms 
found elsewhere in l Sir world, from rugged moun- 
tains over 10.000 ft high, through plateaus and 
hills, to level plains only recently emerged from the 
sea. All have been glaciated except Sakhalin and 
some of the inlands in the Bering Sea sector. R. F. 
Flint reported that of the 5,800,000 mi 3 i 10 r f ) of 
land area of the yvorld still ice covered, over 5,000.- 
000 mi 3 is in Antarctica, and over 700.000 mi- lies 
in the Arctic islands with over 600,000 mi 3 of this 
in Greenland. Removal of the weight of ice sheets 
and the resultant crustal rebound has exposed 
prominent marine beaches and wave-cut cliffs on 
many of the islands. These now commonly occur at 
elevations of over 300 ft above sea level. 
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Islands of Arctic and subarctic regions. 


Climate. The general climatic pattern of then? 
inlands is ~et by their location relative tn the two 
semipermanent renters of low pre**ure over the 
Aleutian Islands and over Ireland tthe Aleutian 
Low and the Icelandic Low L Especially during the 
winters these low-pressure renters affect the area** 
from Kamchatka to southeastern Alaska and from 
Newfoundland to Novaya Zenilva, respectively 1 1n- 
intervening areas, including the inlands of tin* 
northwestern Canadian Arctic Archipelago and 
those of the central and eastern Russian Arctic, 
are much less subject to cyclonic storms: rather 
they are dominated Ijv stable, dry air masses often 
linked across the polar basin from either continent. 
During the summer this pattern decreases in inten- 
sity. Most of the precipitation is cyclonic in origin. 
Because they are marine areas, the islands receive 
more precipitation than they otherwise would, yet 
even so this is very light for most of the Arctic 


inland* removed from the /one of i vvlonii aft i\ it v 
Abo. because they are marine aira*. the i-lamh 
region* of low temperature* by definition, an* no* 
region 4 * of extreme low temperature*. Much l‘»* ,r 
temperatures are reported from continental laral 
area* farther smith than from the most northern 
Ar< tic islands. In general, tjie larger the island and 
the closer it 4 * prnximitv to $ continental land rmi--. 
the higher are the surmnef temperatures and tin* 
lower its winter temperature. 

Vegetation and soils, the climatic difference* 
between Arctic and subarctic islands are reflects 
in their natural vegetation. The Arctic island* «*' 
treeless. Natural vegetation consists of the tundra 
— mosses, sedges, lichen* v grasses, and creeping 
shrub*. Luxuriance and continuity of ground « nvtr 
vary with such factors as moisture, insolation, ant 
soil nutrient conditions. Bare ground is often ex- 
posed and in places plant growth may be lacking 



rornpfctcly f«r a lew tmk-ericrusling li- 

chen*. In such places the ground surface u»a> r„ n . 
sM »f frost-shattered ruck fragments. tidal mud 
Hats boulder-si rrwn fell fields, nr snow pan lies and 
ire. Permafrost ( permanently frozen ground* oc- 
. urs throughout the An tic (and in parts of the sub- 
arctic l and i* reflected in impeded drainage and 
patterned ground. 

The natural vegetation of subarctic islands «hai- 
a« teristieally is the boreal forest or taiga, com- 
posed predominantly of conifer- such a* spruce, fir, 
pine, and larch with deciduous trees * Ul h as hire h. 
,i*peii. and willow; the latter are especiallv com- 
mon in regrowth of clearings in the forest. Impeded 
drainage because of permafrost or glaciation gi\e- 
list* m numerous pond* and muskeg areas. A Tian-i- 
tiomil t v p*' of vegetation, the forest. tundra, i* rec- 
ognized oil some of the subarctic islands in those 
sectors where smaller trees are widelv spaced and 
.iliumlaiit mosses cover the ground. 

The tv pica! soils of the subarctic' islands are 
pod/nls the surface* soil gruv i-h-whilc beneath the 
r.tu humus laver and highlv a< idic in nature The 
lundia snils of the Arctic islands reallv lonM-t 
i»ii|\ of a dark brown pcalv surface lavci over 
poculv defined to'^ horizon*. arid much of tin 
in. mild cannot proper! v be termed s,,il. 

Character of major islands. Within this general 
.It s, ription. individual islands \ar\ < onsiderabb . A 
1'iicf surnrnatv of Mimr of the larger islands and 
ir« lupe|ag(»s in the Western Hemisphere is gi\rn 
i'i die follow ing sections. 

Ut’utiun Islands. Extending southwest foi more 
'ban lOOn niile^. from the \luska Peninsula at 
161 ^ to \ 1 1 11 Island at 17^ \X . the Meutians s ( *p. 
ir.itc the Bering Sea t« » the north troiu the Pacific 
0. ran to the south. I heir ruggeil. mountainous air- 
Kite consists of the drowned continuation of the 
Maska ami Aleutian Ranges Several active volca- 
-He included among them. Mosi of the i-lands 
•'eri- glaciated hv local mountain glaciers, a levs 
"I which persist in reduced si/** on some of the 
'■astern islands ( I'nimak. I nalaska. I'mnakl. 
IIwtc* are about ISO islands and innumerable rc*rfs. 
Hies are grouped from ea**l to west js the F»>\, 
\ndttMnof. Rat. and Near Islands. I’nimak. the 
•aMeinrnost island, is the largest, about 63 miles 
and 25 miles wide. 

I he Aleutian Islands experience cxtiemelv vari 
d»le weather because of the frecpicnt c\ clonic 
^nn*. complicated bv the mountainous terrain, 
bi assoc iated gustv wind is known as the williwaw. 
^ift sea currents run among the islands and there 
1 much fog. At Dutch Harbor (Unalaska Island) 
•hr mean temperature* are January. 32° F: July. 

I* ; while at Atka they are 3*VF and 50° F. re- 
"pectively. Mean annual precipitation at the two 
i H 56.7 and 70.2 in., respectively. The is- 
ands are treeless hut generally support a luxuriant 
growth of grass, willow*, and alder. 

(tinadian Arctic Archipelago . All those islands 
V n * nf >rth of the continental mainland anil west 
° I 'inland to 141 °W are included in this group. 
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Size and elevation of larger Arctic and subarctic islands* 


Area, i 


Aleutian | k 


t uiiiiak [ 

1 3,300 

t nal.tska | 

10,800 

•Si Lawrence* 1 

18.200 

Nunivak 1. 

16,000 

Kodiak I. 

37.100 

Canadian \ relic 

Archipelago 

300,000 

Hallin 1 

183,810 

Elb-snicrr | 

82,119 

Vic toria 

81.930 

Hanks 

23.230 

1 lev on 

20.861 

M.lvilli- 

16.111 

Vv«*| Heiberg 

13.779 

Southampton 

13,700 

Pfiiiu* of Wale* 

12.830 

Newfoundland 

12,731 

* »rcci»hnicl 

a io.ooo 

belaud 

39,961 

Svalbard Luchi 

pedagm 

21,100 

N ••sl-SpiislM.rgci 

13.230 

»' ran/, .loved Land 

* aiclnpclagoi 

7,000 

Novaxa /cinlva 

'arc lnfM'lago- 

36.000 

Severity 1 

21.000 

Yughnv 1 

1 3.000 

Seve rn. »v, i ZcmlvM 

l ai clii pt'lagi » • 

I 1.000 

New Siberian Is 

12.000 

AN rangcl 1 

2,000 

Sakhalin l 

27.000 

Rutile Is 

6.000 


IliglleMl |K>illt. 

elevation, f| 

Shishalclin Volc ano, 9.978 
Makushin \ olc iuio, 6,680 
Kookoligit Mis , 2,207 
Itotwrls Mi , 1,67."# 
fi ray hack Ml., 3.317 


IVnny Highland*. 8.300 
British Km pi re Mange arid 
I lilted State 1 * Itangr, 
10.000 

Sim lei Mts., 2,000 
Durham Heights. 2.301* 
Treuter Mis , 6,190 
Haglari Mange, 3,300 
Name not available, 8.100 
Porsild Mts. 1,730 
Name not available-. 300 
Hi os Morn, 2,666 
Ml Font. 11.286 
Oraefajnkull, 6,933 


Newtonlopp. 3.630 
Name not available. 3,000 


Name- not available-. 3,310 


Name not available, 1.300 
Name not available. 1.033 
Peak Merry. 3,310 
Nevelskoi Ml., 6.600 
Maid Volcano. 7,67 i 


• Approximate only in some cases because of incomplete 
mapping 


In lough out I’ h-* the Archipelago resembles a tri- 
angle. from a rather irregular ba*e at about 01 ‘N 
in the e.M and 67' N in the west, to it-, apex at the 
northernmost tip of Ellesmere Island in latitude 
83 30' Y Those King noith of 71°N are known as 
the Queen Elizabeth Islands. 

The easternmost islands of the Arc hipelago are 
mountainous, whereas those to the west and north- 
west are plateaulike or plains. The mountains in 
Baffin Hand, eastern Devon Island, and southeast- 
ern Ellesmere Island are composed of Precambrian 
roc k and average fiPOO 7000 ft elevation. Continu- 
ing tile mountain line notlhward through Ellesmere 
Island and Axel Heiberg Island, summit elevations 
exceed 10,000 ft ( partly reflecting a different fold 
axis, the Innuitian). In contrast the more southerly 
of the Queen Elizabeth Islands are more typically 
plateaulike. even though they contain more of the 
Innuilian fold structure: here the maximum eleva- 
tion is about 3000 ft in Melville Island but is com- 
monly less than 1000 ft. The northwestern part of 
the Queen Elizabeth Islands is a recently emerged 
coastal plain in which salt domes occur at places. 
Most of the islands in the western part of the 
southern Archipelago are Jow and comparatively 
flat. 
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Most of the islands were glaciated, although 
there still is not sufficient information to establish 
conditions in the northwestern islands. Relic ice 
caps remain upon Ellesmere, Axel Heiberg. Devon, 
Bylot, and Baffin Islands, because of their higher 
elevations and greater precipitation. 

The Archipelago has long, cold winters. For 3- 4 
months mean monthly temperatures range from 
—20 to — 30°F over most of the area. February is 
usually the coldest month; temperatures of —35 
to — 40°F are commonly recorded then. Rarely do 
temperatures drop below — 50°F, although a mini- 
mum of — 63°F has been recorded at three sta- 
tions. The southeastern and eastern parts of the 
Archipelago have milder winters, because of the 
proximity to open water in Davis Strait and the 
passage of cyclonic storms. During the cool sum- 
mer, temperatures are more uniform over the Ar- 
chipelago. with the July mean ranging onlv from 
40 to 50°F. Maximum temperatures exceed 60° F at 
most but not all stations. 

Precipitation is light. Most of the Archipelago 
receives less than 10 in. a year, with only three 
stations (in the southeast) recording more than 
15 in. One station (Eureka) reported less than 2 
in. a year over a 2-year period. Snow may fall in 
any month but over most of the Archipelago rain 
accounts for about half the precipitation. Snow- 
fall averages from 12.5 to 100 in. (in the south- 
east). Natural vegetation is of the tundra type. 

Sea ice closes Archipelago waters to shipping for 
9-10 months in the year. Break-up usually occurs 
between late June and mid- July with freeze-up be- 
tween mid-September and late October, depending 
on location. The waters around the northwestern 
islands are rarely clear of ice. Icebergs are^ con- 
fined to the eastern parts, chiefly in the waters 
separating the Archipelago from Greenland. 

Newfoundland . Generally a plateau of rolling 
surface, this subarctic island is tilted west to east 
from the Long Range Mountains (over 2000 ft) to 
the Avalon Peninsula (700 ft). The northeast- 
southwest grain of the island, the result of folding 
and faulting, is reflected in the coastal configura- 
tion and physiography. The island was completely 
glaciated and most of it shows the results of in- 
tense ice scour. The indented seacoasts are com- 
monly cliffed and rugged, with marked fiords in the 
high sectors of the Northern Peninsula. The only 
significant lowland area is a coastal plain in the 
west. 

From the standpoint of climate and natural vege- 
tation the island is predominantly subarctic, yet it 
includes aspects of the Arctic and of the more con- 
tinental regions. The moderating marine influence 
on climate is lessened by the island's east ( that is. 
lee) location relative to the continental landmass, 
and by the cold Labrador Current which flows south 
along the east coast and swings around to affect the 
south and parts of the west coasts. 

Winters are cold, particularly in the interior 
(January mean, 15-~20°F), but are somewhat 


milder on the coast, especially in the southeast 
(St. John’s January mean, 24°F). Conversely, t |^ 
coasts remain cooler in the summer (about r>!V'f 
in July) whereas the western lowlands exceed 60 
in mean daily July temperatures. The entire island 
has abundant precipitation, well distribute 
through the year, with heaviest falls (over 55 j n j 
in the south. Snowfall is abundant (over 100 in.) 
everywhere except along the south coasts. Sea j ( > P 
seals off all coasts at its maximum extent. e\rept 
the south. Fog is fairly frequent both oil the ro HM 
and inland. It is most common in summer and on 
the southeast coasts. The juxtaposition of the told 
Labrador Current and the warm Gulf Stream j n 
the offshore ocean is largely responsible. 

Boreal forest covers less than half of the island, 
with the best stands in the western lowlands and 
the north central valleys. Poor drainuge. refilling 
from recent glaciation, and elevation restrict its ex- 
tent. Where the altitude exceeds 1200 ft. the forest 
gives way to barrens extensive areas of tundra - 
in the west and southwest. 

Greenland. The world's largest island. Green- 
land extends over 1600 mi from Cape Faiewell 
(59°46 / N) at the south to Cape Morris Jevuj. 
(R3°39'N) at the north, the latter being the near 
est land to the North Pole. Its greatest w nit b 
(77°N) is just under 700 mi. Five-sixths of the mu- 
face is buried beneath the largest remaining land 
ice sheet in the Northern Hemisphere, and nmwr 
ous smaller ice caps and glaciers orcur as separate 
bodies around its margin. In profile the ice sheet 
is similar to a flat shield rising gentU to form 
three broad dome*, the highest of which exceed- 
10.000 ft. A maximum thickness of 7000 ft of i, «■ 
has been estimated, but more work lias to be dmii* 
on this as well as on the suggestion that tin* tin 
deriving surface may consist of several separate 
islands rather than ju*t one. Occasional peak* 
(nunatak) project through the ice sheet near it- 
margin. Tongues of ice from the main glacier de- 
scend to the sea at many points. Most of the ire* 
bergs in the North Atlantic originate from such 
glaciers in southwest Greenland. 

The ice-free margins are widest in the southwest 
and on the northeast roasts, although access to the 
latter is impeded by the Arctic pack ice (storM 
in the southward-moving East Greenland Current 
All the land has been intensely glaciated, except 
the northernmost (Peary Land) which probably re- 
ceived insufficient precipitation. The margins in- 
clude alpine mountains, plateaus (particularly in 
areas of basalt bedrock injthe central areas on both 
east and west coasts), afrid lowlands. The skacr- 
gaard, a swarm of low inlands and reefs, is *en 
prominent along the southwest coast. The shore i* 
much indented hy bays an! fiords. 

The full significance o| the ice cap in the r v 
malic pattern is still not known. Temperature* 
there usually range from 27 to — 49°F through t * 
year. One associated phenomenon is the outwam 
movement of strong katabatic winds from *he 11 <* 
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nargin* which often produce a foehn or chinook 
.fleet on the valleys through which they are chan- 
ged. Climatic condition in the ice-free margins 
ire extremely variable, and the local complex to- 
mography has a great influence; for example, the 
inner parts of the fiords usually are warmer in sum- 
ner than the outer, and colder in winter. Mean win- 
cr temperatures range rather uniformly on the 
coast, from a February mean of 18°F at l\ig- 
ut in the southwest, to ~20 6 F at Smith Sound in 
ihe northwest. During the summer there is much 
less contrast, with July mean temperature* of 50°F 
in the south and 35 40°F in the north. Precipita- 
lion, mainly as snow, decreases rapidh from in. 
at Ivigtut in the south to less than 10 in. north of 
ftf'N. Notable climatic change has occurred in 
Greenland and its adjacent seas within historical 
times. Fog is common through the summers, espe- 
, ially near the broken sea ice. The island becomes 
j r r locked in winter except for part of the south- 
west coast. 

Natural vegetation of the ice-free areas is csM'n- 
ti.illv furidra. Plant growth reaches its maximum 
development in the inner parts of the fiords, partic- 
ularly in southwest Greenland. Five varieties of 
arboreal growth occur in the latter area, and in the 
Julianehunh district some birches grow ti* the 
height of 20 ft. Copses up to 7 ft high occur in 
favored areas as far north as DGko Hay hut the 
f »ra*'*C'.. mosses, and stunted growth of the true 
tundra are more typical and common!) comprise 
the onlv vegetation over much of the island. See 
\Hf in Ocean: Asia; Emopk: North Ami.rh a. 

( W.r M\] 

Bibliography: R. F. Flint. Glacial Geology am I 
:hr Pleistocene Epoch, 1047; G. II. T. Kimble and 
H Good (cds. I, Geography of the \orthlaruh % Am. 
(’fopraph Soe. Spec. Puhl. 32, 1955. 

Arctic Circle 

The parallel of latitude approximately 66Vj ft 
• north of the Equator, or 23 1 i>° from 

the North Pole. Named for the northern constella- 
tion Bear, the Arctic Circle has the same angular 
distance from the Equator as the inclination of the 
earth's axis from the plane of the ecliptic. Thus, 
■dim the earth in its orbit is at the Northern Hem- 
sphere summer solstice. June 21. and the North 
Nc is tilted 23Ms° toward the sun. the Min’s ravs 
extend beyond the pole 23Mi° to the Arctic Circle, 
Roing that parallel 24 hours of sunlight. On this 
Mine date the sun’s rays at noon will ju*t reach the 
Wizon at the Antarctic Circle. 66M»° south. The 
Highest altitude of the noon sun at the Arctic Circle 
Won June 21, when it is 47° above the horizon. 

At the Arctic Circle the sun remains above the 
Horizon continuously only 24 hours at the longest 
P er »od. However, with twilight considered, it re- 
^ains daylight or twilight continuously for about 
■ months. Twilight can he considered to last until 
rl,c drops 18° below the horiron. See Geocim- 
PHy - mathematical; Solstice. [v.h.e.1 


Arctic Ocean 

The north polar ocean lying between North Amer- 
ica, Greenland, and Asia. The boundaries are defi- 
nite except in the Atlantic approaches. Here the 
Arctic Circle, latitude 66° 3 .TIN, is usually taken as 
an arbitrary boundary. The peripheral parts of this 
ocean include the following seas; Greenland, Bar- 
ents. Karu, Laptev, East Siberian, Chuckchi, and 
Beaufort. These seas are navigable by surface ships 
in summer. See Oceans and seas. 

Arctic Basin. The deep Arctic Basin (Fig. 1) 
is bounded by broad shelves, less than 200 meters’ 
(m; in depth, along the continental margins. It is 
separated from the Atlantic between Greenland 
and Spitsbergen by the Nansen Rise (maximum 
depth, 600 in). The deep hasin is divided by the 
Lomonosov Ridge (average depth, 1500 m) which 
extend*- from the northernmost point of the Cana- 
dian Archipelago, through the Pole, toward the 
New Siberian Glands. A second ridge lies toward 
the Beaufort Sea at about latitude 84°N, and is ap- 
proximately parallel to the I^omonosov Ridge. 
These major ridges rise within 1500 m of the sur- 
face. The bottoms of the North Canadian and Cen- 
tral Polar Basins are about 3500 m deep. The North 
Eurasian Ba*-in is about 4500 m deep. 

The floor of the continental shelf area is predomi- 
nantly gravel, grading to clayey silt on the conti- 
nental ‘dope*, and to silt with scattered ice-rafted 
and predominate!) (50 70^ ) limestone rocks in 
the deeps. 

Arctic ice cap. ’The average thickness of the floe 
ice varies from about lVi-2 m in summer to 2 1 £-3 
in in winter. However, greater thicknesses (to 24 
ni > are encountered in the pressure ridges and ice 
Glands. In winter the upper icc surface is rough 
and hard. In s immer the upper 1 m of ice melts, 
i he meltwater u tms ponds and creeks in the resid- 
ual ice. As the lemperature rises, the ice shrinks 
and separates into large pans 1-8 km across with 
open water leads between them over the whole ice 
cap. Near the fringe of the ice cap the large pans 
break into floes consisting of pieces of ice which 
arc generally less than 100 m across. 

Travel on the ice is possible from late September 
to late May; March, April, and May are the most 
favorable months. In summer the ice surface is too 
wet and slippery for travel. Aircraft can land on 
*ome ice pans from October through April. See Ice 
island; Sea ice. 

Ice drift. The drift of the Russian Station NP-2 
is shown in Fig. 2. As shown by the solid line, it 
drifted northward in an erratic path from lat 76 to 
82°N between April, 1950 and April, 1951. Three 
years later, in June, 1954, the remnants of the camp 
were sighted at 75°35'N, 175°35 / W, near the 
original 1951 position. Drift of the station during 
the 3 years was computed from mean monthly baro- 
metric pressure distribution (dashed lines in the 
figure). Evidently there is an anticyclonic gyral in 
this region. Data from the United States Station 
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F»q. 1. Generalized bathymetric chart of Arctic Soviet sources; Defense Research Board , Canada 
Ocean. Depths added in meters. < Compiled from 


Alpha suggest a more easterly drift in the vicinity 
of lat 85° N. The drift of Station Bravo (Ice Island 
T-3) was southwest ward parallel to the Canadian 
Archipelago. The average drift of the three sta- 
tions was 6-7 km 'day. Earlier expeditions indi- 
cated similar gyrals in the Eurasian Basin. 

Inflow and outflow. The North Atlantic drift 
current enters the Arctic: through the Greenland 
and Barents Seas. It is presumed to circulate coun- 
terclockwise around the basin. losing heat en route. 
No doubt this circulation contains a number of gy- 
rals, as indicated by the ice drift observations. 
There is an outflow of cold water close along Green- 
land, through Denmark Strait. This flow veers 
around the southern end of Greenland to Davis 
Strait. There is also an eastward flow through the 
Canadian Archipelago. These waters mingle in 
Davis Strait to form the cold Labrador Current. 
The volume of water transported by the inflowing 
and outflowing currents has not been accurately 
determined but is estimated to be about 20,000,000- 

40.000. 000 mVsec. See Atlantic Ocean. 

On the Pacific side there is a persistent north* 
ward flow through Bering Strait which varies from 

1.000. 000 to 4,000^000 mVsec. This flow, freshened 
by the heavy summer land drainage, passes along 
the Alaska Peninsula and Point Barrow to about 



Fig. 2. Drift of Russian Station NP-2 and United State* 
Stations Alpha and Bravo (T-3). Solid lines show o 
served drift; dashed line shows calculated drift- 
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168 36' W, April 28, 1950. (Data hom Soviet so urces) 


lUI'W. veer* north under the ice cap. and appar- 
ently follows the course traced h\ the Russian Sta* 

M«n NP-2 ( Fig. 2 i, See Hfrim; Ska. 

Sea-water Structure. Figure 3 ‘•hows* u rej»re- 

'••nialivi* vertical distribution (structure! «»Mh«‘ 
filter propertied observed bv the Russian 
'Apedition. The five recognized tvpe- t*f water arc 
•iheij^d in the following paragraph*. 

■irrtir sur fart • wafer. The properties in thi- la>« r 
are relatively uniform !«* depths oi 40 and M) m. 

I hr temperature varies seasonally from ' ^ 

II the end ol summer (August) to ~1.< at t u 
-nd of winter (April). The salinity 'J'ies 

28 8 to 30.68 O(t ( parts per thousand). When the ice 
,ll,, hs in summer, warm (+0.1 v tJ brackis ' 
1 ^ ^ °ifi o » wuter forms a layer If** than 1 ni t in ‘ 
Hn *kr the ice. This water is then mixed downward 
l, > agitation in the ire floes. In winter this laver 
,r,VZf ‘ < * to form new iee. 
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Below the shallow layer there is a halodinc 
where the salinity increases markedly to about 
34.20% o at about 240 tn. Below this it increases 
gradually to 34.90 % n at a depth of 3000 m. See 
H tl.OCMNF.. 

Pacific water. In the upper part of the halooline 
1 50 100 m) there is a warm interlayer with a tem- 
perature maximum (— 0.7°C> at about 75 m. This 
water occurs only in the North Canadian Basin. It 
has been identified as Pacific (Bering Sea) water 
by the plankton forms. An earlier joint Canadian- 
I nited States expedition traced the flow of water 
from the Bering Strait around Point Barrow and 
theme northward into the ice floes. There it enters 
the anticyelonic eddy traced by the ice drift and 
graduallv nuxe* with the colder underlying water. 
The characteristic Pac ific* plankton die en route as 
the temperature falls. This Pacific* water does not 
penetrate westward, or into the Eurasian side of the 
Arctic ()< can. 

(.old interlayer. This layer occupies the lower 
part of the halodinc zone (between 100 and 200 
m). The temperature minimum (— 1.5°C) occurs 
at about l.'vi m. This layer probably originates in 
the transport of surface intermediate water from 
the region north of Ellesmere Island, south west- 
watd along the Canadian Archipelago, where the 
water drawn into the anticyelonic: eddy. 

Atlantic uater. Below the halocline there is a 
con-iderahle rise in temperature to a maximum (as 
high a- t 0.68 C» at 100 450 m. This has been ob- 
served bv all Arctic expeditions and is associated 
with warm saline water entering the Arctic Ocean 
from the Greenland and Barents Seas. Ihis layer 
of Atlantic water between the O^C isotherms is 
about 500 610 m thick, extending roughly from 240 
to fHO m. These observations appear to contradict 
an earlier Kjothesi* that there was a gradual re- 
duction of tb'< Kness of this layer as it moved 
around the Arctic Basin. 

Intermediate lower water. Below* the Atlantic wa- 
ter the temperature decreases gradually to about 
-0.3T. at 3000 m. A small rise of temperature, 
observed below 2000 m. may be attributed to adia- 
batic' warming ot the subsiding waters. |j.r.r.| 


Arctolepiformcs 

\ group of ioint-necked fishes consisting of all 
arthrodirts in which the dermal pectoral spines are 
rigidlv attached to .. complete dorsal and ventral 



Rhamphodepsis, o ptyctodon. orthrodir*. about natural 
,it«. (After 0. M. 5. Walton) 
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thoracic buckler. Members of the group are found 
in Upper Silurian to Upper Devonian deposits of 
both fresh-water and marine environments. The 
group includes a number of aberrant lineages. 
Among the best known of these are the Dolicho- 
thoraci, in which the pectoral appendages are 
represented solely by large fixed spines: the Coc- 
costeomorphi, in which reduced spines are supple- 
mented by a fin projecting out through an opening 
in the body armor behind the spine; the Petaiich- 
thyida, in which the enlarged heads and protective 
shields have lost the characteristic jointed articula- 
tion with reduced thoracic armors: the Ptyctodon- 
tida, in which heavy dental plates were used for 
crushing mollusks, and in which there is reduced 
dermal armor, the body segment of which bears a 
large dorsal spine in addition to the pectoral 
spines; and the Phyllolepida, in which reduced 
head and body shields bearing a distinctive orna- 
mentation of concentric ridges are fused. Sec Ar- 
throdxra; see also Brachythoraci. [o.ii.d. ] 

Arcturus 

Alpha Bocitis. a red giant star of spectral type K2. 
Arcturus is one of the apparently brightest stars in 
the sky. of apparent magnitude 0.2. Because it is 
11 parsecs distant, its absolute magnitude is 
—0.04, approximately 100 times brighter than the 
Sun. with a radius 20 times as large. 

An interesting feature of Arcturus is its large 
space motion with respect to the Sun : it belongs to 
the high-velocity, or Population II. group. The ra- 
dial velocity is 4- 90 km sec. and the observed 
proper motion in the plane of the sky corresponds 
to 120 km /sec. Its galactocentric orbit is quite el- 
liptical. unlike the orbit of the Sun, which is nearly 
circular. 

W. W. Morgan recognized,, in Arcturus, the 
spectroscopic features that have since become gen- 
erally associated with Population II. In particular, 
the bands of CN are weak compared to normal K 
giants of this luminosity class. The metallic lines 
indicate a high luminosity, the weakness of CN a 
lower luminosity. This contradiction has since been 
explained by an abnormally high value of the hy- 
drogen abundance. See Star. [j.l.gr.J 

Area 

The superficial contents of a geometrical figure of 
two dimensions. The area of any rectangle or square 
is the product of two adjacent sides, one of which 
may be called the base and the other the altitude. 
In general, any line segment that partially bounds 
a plane geometric figure may be called a base if 
its line does not separate the figure, and a perpen- 
dicular drawn to the base line from one of its 
points at greatest distance may be called the alti- 
tude. The area of a parallelogram is equal to the 
product of its base times its altitude. The area of 
a triangle is one-half the product of its base times 
its altitude. The area of a trapezoid is equal to 
one-half the product of the sum of its parallel sides 
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Triangle 


Rectangle 

Square 

Parallelogram 


Trapezoid 

Quadrilateral 


Regular polygon 


Circle 

KIlipNc 

Sphere 

Spherical triangle 
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where h • altitude, b * haze 


V«(* -«)(•- b) (• - c), where 
» - M(« + b + c), and a. b, and <• 
sides of the triangle 
a6. whore a and b are adjarom «id™ 
a*, where a - side 


ab am 9, whore a and 6 are adjacent 
aidon. and 9 in the angle between die 
sides 

H(o 4* b)h. where a and b ure the jMir , 
nllel Hides, and h in the altitude 
Hab sin 0. where a and b are the du» KO 
uals, and B is the angle lad wren then. 

180° 

y A t\P cot — , where n is the numhrr 


of sides, each of length i 
*r* t where r • radius 
wah t where a and b are gpuiiuxe* 

•tor 1 , where r • radius 
(A f H 4- C - v)r\ where A , H, utu! C 
are angles (radian*), and r is the 
radius 


(bases) times its altitude. .See Geometry, klli.id- 
EA*. [j.s.F.I 

Areal velocity 

The rate at which a line that joins a fixed point 
and a moving partic le sweeps out a surface area i*. 
called the areal velocity with respect to the fixed 
point. In polar coordinate* where is the central 
angle and p is the distance between the fixed point 
and the moving particle, the areal velocity dA dt 
equals (Hip 3 d<f>/dt. In elliptical motion, if the «»ri- 
gin is at one focus, p* difc/dt is a constant. In a- 
stronomy. Kepler’s law of areas expresses thi* 
characteristic. See Celestial mechanics. [r.u> . 

Arenaceous rocks 

The arenaceous rocks (arenites) include all tho-» j 
clastic rocks whose particle sizes range from 2 in 
Ha mm, or if silt is included, to Hr.n nun. Nmir 
arenites are composed primarily of carbonate par- 
ticles, in which case they are called calrarcnit*' 1 - 
and grouped with the limestones. Some oolitic iron 
ores and glauconite beds are properly classified 
arenites. But the vast majority of arenites are com- 
monly called sandstones, and the two words are al- 
most synonymous. See Cajlcahenite; Sandstone, 
Sedimentary rocks; see also Arkose; Grav 
wackk; Oolite and motm:; Ortiioquaftzite: 
Sl'bgraywackf,. 

Argentite \ 

A mineral having composition Ag*S. Argentic 
crystals are rare but whert^ found are cubes or octa- 
hedrons. These are parafcorphs of the ^metric 
form of silver sulfide thfct is stable only a <* v 
179°C, Below this tempetature the orthorhomio 
modification, acantbite, ii stable. Argentite 
commonly occurs in mastive form or a * coa * . 
with a lead-gray color. Its hardness is 2.5 



scale) and specific gravity 7.3; it i* very aectile 
an d is bright on the fresh surface hut becomes dull 
black on exposure. It occurs in veins associated 
*ith other silver minerals and at some places is a 
major silver ore. Important localities are in Mexico, 
Pi*ru. Chile, and Bolivia. In the United States it 
has been extensively mined in Nevada at the Com- 
s|0 ck 1-ode and at Tonopah. See Silver metal- 

Ll'ROV. | C..S.HU. J 

Argillaceous rocks 

[he argillae^oiiH rocks (lutites) include shales, 
argillites, siltstones. and mudstones; they are clas- 
tic sediments whose constituent particles are less 
than M« mm (if siltslones are included l or lesw 
than Hsr.n mm (if siltstone* are excluded). They 
arP the most abundant sedimentary rock type, v iry- 
inj . according to different estimate* from M to 
0 [ the total sedimentary rock column. Claysfone b 
indurated day, which consists dominantly of fine 
material of which at least a major proportion is 



ossification of finegrained mechanical sediments, 
.ffer W. H. Twenhofel in F. J. Petti/ohn, Sedimentary 
>di, 2d ed., Harper, 1957) 

a' mineral (hydrous aluminum silicates). Shale 
a laminated or fissile claystnne or siltstone. in 
f, w*ral more consolidated than clavstone. Mud* 
"nr is a claystone that is blockv and massive. The 
‘nri argillite is used for rocks which are more in- 
haled than claystone or shale but not metainor- 
hu-rd to slate. All of the above are consolidated 
bivalent* of muds, oor.es, silts, and clay*. I.oes$ 
' a fine-grained, unconsolidated, windblown de- 
The term shale has been used by many 
jithors as a generic term to include all of the 
lhnvr * See Argillite; Bentonite: ('lay: Clay 

•HMXalS; 1.0 ESS; SEDIMENTARY ROCKS; SllALE. 

lR.S.1 

[illite 

^Itillife* a r e non fissile argillaceous rocks that 
t0 have formed aa the result of incipient 
'tamorphisin. The degree of induration is greater 
an tnat of shales, and the rock is dense and hard. 
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1 he term has been used to designate argillaceous 
rocks in low-grade metamorphic belts that do not 
have the parting or cleavage of slates. Argillites, 
though they have no fissility (tendency to split), 
are normally finely laminated, but the term has also 
been applied to dense, hard, massive, nonbedded 
argillaceous rocks. Argillites seem to have a gross 
mineral and chemical composition similar to that 
, 7 , ’ and lhere is ™ ready explanation for the 
■f. . nf “ SR, lity. The argillites may represent con- 
ditions under which original settling did not result 
,n iTi orientation of platy minerals or in 

H .h f bere has been no reorientation due to com- 
paction and pressure. Alternatively, the clay min- 
eral crystal habit in the argillites may he rod- 
shaped and fibrous rather than platy. .See Argil- 
laceous rocks; Sedimentary rocks; Shale. 

r*.s.] 

Arginine 
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A r amino acid. The amino acids are characterized 
phvHialh by ihe following: (1) the pK^ or the 
dissociation constant of the various titratahle 
group*: )2) the isoelectric point, or pH at which a 
dipolar ion doe* not migrate in an electric field; 
(3) the optical rotation, or the rotation imparted 
tn q beam of plu.s '-polarized light (frequently the 
I) line of the sudi im spectrum I passing through 1 
decimeter of a solution of 100 grams in 100 ml; 

( 1) sfiliihilir \ . See Eqitlihrilm. ionic: Isoelectric 
point: OnicAL activity : Spectrophoiometric 

A N A 1 Y MS. 

Arginine forms a red color when treated with 
sodium hypochlorite and cr-naphthol (Sakaguchi 
reaction). The ammo acid’s special functions are: 
(1) Arginine is an intermediate in the process of 
urea formation from ammonia and carbon dioxide, 
by virtue of its position in the urea cycle. Arginine 
is cleaved to ornithine »nd urea: the former ac* 
v ammonia and caiuun dioxide to form argi- 
nine again. The net result of the cycle is the for- 
mation of urea from two molecules of ammonia 
plus one of carbon dioxide. (2) Arginine is prob- 
ably the source of the guanidine groups of strep- 
tomycin. See .Streptomycin. 

The biosynthesis of arginine starts with glutamic 
acid, and proceeds by way of ornithine and citrul- 
line (see Amino acids). The metabolic degrada- 
tion begins with the hydrolysis of arginine to or- 
nithine and urea. Ornithine can he deaminated to 
glutamic acid semialdehyde. This compound is oxi- 
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diced to glutamic acid, which is catabolized via 
nr-ketoglutaric acid and the Krebs cycle. See 
Krebs cycle. |'e. a. adki.iifngI 

Argon 

A chemical element t Ar, atomic number 18. and 
atomic weight 30.944. Argon is the third member of 
group 0 in the periodic tabic. The gaseous ele- 
ments in this group are called the noble, inert, or 
rare gases, although argon is not actually rare (.tee 
Inert cases 1. The earth’s atmosphere is the only 
commercial argon source; however, traces of this 
gas are found in minerals and meteorites. 



Uses. The oldest large-scale use for argon is in 
filling electric light bulbs, but in recent year* the 
two uses which have consumed the most argon are 
argon-shielded arc welding and the blanketing of 
metallurgical operations in which metals such as 
titanium, that react with components of the air. are 
involved. 

Argon and argon-krypton mixture* are used, 
along with a little mercury vapor, to fill fluorescent 
lamps. The inert ga*es make the lamps easier to 
start, help to regulate the voltage, and supplement 
the radiation produced by the excited mercury 
vapor. 

Argon mixed with a little neon is used to fill 
luminous electric-discharge tubes employed in ad- 
vertising signs (similar to neon signal when a blue 
or green color is desired instead of the red color 
of neon. 

Argon is also used in gas-filled thyratrons, 
Geiger-Muller radiation counters, ionization cham- 
bers which measure cosmic radiation, and electron 
tidies of various kinds. Argon is used occasionally 
as a helium substitute in mass-spectrometer-type 
leak detectors. Argon is used frequently as the 
mobile phase in gas chromatography and as the 
atmosphere in inert-atmosphere dry-boxes in which 
manipulation of very reactive chemicals is carried 
out in the laboratory. 

The largest single use of argon is in inert-gas- 
shielded arc welding. In ordinary metal arc weld- 
ing. a flux is used to prevent the hot metal from 
reacting with constituents of the air. In inert-gas- 
shielded arc welding, a gas such as argon, helium, 
or mixtures of the two is substituted for the flux. 
The inert gas flows through the arc and over the 
welding area. Gas-shielded arc welding has proved 
highly successful for stainless steel, aluminum, 


magnesium, titanium, copper alloys, and nickel a| 
lovs. 

A use which has become increasingly important 
in recent years is to furnish a protective atm«>s- 
pliere for the metallurgy of reactive elements*. Tht.s 
is important, for example, in the rase of titanium 
which when hot can he handled only in a vannirn 
or in an inert-gas atmosphere, since it react*. rtNJ( j 
ilv with oxygen, nitrogen, and moisture. Argon U 
used in titanium production to provide an innt 
atmosphere when the metal is produced fro*,, tj la . 
niurn chloride, when the titanium sponge first pm. 
duced is melted, and also when titanium is rti||o,{ 
into sheets and structural members. 

Silicon and germanium crystals, employed in 
transistor production, are grown in an inert argon 
atmosphere. To some extent, helium is also user| 
for this purpose. 

One of the newest applications of argon is m the 
electric-arc cutting of nonferrous metals mjch a*, 
aluminum. For many years, steel has been cut 1>\ 
oxygen cutting torches, but tlic-e torches weie in 
effect i\e with aluminum because of the aluminum 
oxide film that form- whene\er aluminum h c\ 
posed to oxygen. and because aluminum is *urh i 
good conductor of beat that the heat of an ordin.irs 
torch cannot be concent rated sufficiently to make 
a clean cut. The problem of cutting metals hji h .is 
aluminum lias been -ohed !>\ the u-e of an elemii 
arc torch in which a mixture nf argon and Iim1p>- 
gen is forced through a constricted arc. The r.,n 
striction intensifies the arc and fun***- the gi- t<- 
flow through at high velo« it v. The argon ionize*' 
readih and help-, to maintain the arc. The h\drn 
gen molecules are di'-so<4tfted to hxdrogen atom- 
in flie arc. These atom- recombine on the -urfan 
of the aluminum with evolution of large quaniitir- 
of li»*at. thus melting the aluminum. The g.i«r- 
prevent oxidation of the molten aluminum. wlmT 
flows easily out of the kerf. Clean cuts ran readib 
he made in 1 i-in. aluminum plate with this proo— 
at speeds up to 600 in. 'min: much thicker alunsi 
num plate can also he cut by the argon-hydrogen 
arc torch. 

Occurrence and origin. Aigon constitute 

0.93V ^ bv volume of the earth’s atmosphere. Of 
this argon. 99.0',' i-. the argon-40 isotope: tin 1 

remainder is argon-36 (0.337 v '< ) and argon-.# 
1 0.063 ' t ). Their is good e\idrnre that all the ai 
gnn-40 in the air was produced by the radioactive 
decay of the radioisotope pntassium-40. 

It is estimated that about 0.0004 ''J by weight of 
the earth’s crust is argod. Argon also occurs out- 
side the earth; the best Estimate is that there are 
about 150,000 atoms of argon per 1.000,000 atom* 
of silicon in the visible universe, as compared J 
only about 9 atoms of argon per 1,000.000 atom> 0 
silicon on the earth (including the earth’s atmos- 
phere ) . 

Argon was discovered by Sir William Ramsa' in 
1894 a a the result of Lord Rayleigh’s observation 
that samples of nitrogen prepared from amniowa 
were always lighter than “nitrogen” prepare > 
absorbing the oxygen, carbon dioxide, and niois t,,rr 


from air. Ramsay prepared argon by passing this 
atmospheric “nitrogen” over hot magnesium until 
no more gas was absorbed. The inert remainder was 
identified as a new element by the previously un- 
observed linos in its spectrum. 

Radioactive isotopes. 'IV following radio- 
active isotopes of argon arc known: Ar<\ Ar :, \ 
Ar v \ Ar 41 , and Ar 4 -. None of thc*c occur in na- 
ture; they are produced to a small extent in par- 
ticle accelerators such as the cyclotron, or hy the 
neutron bombardment of the appropriate atomic 
species. In air-cooled or air-ventilated at ornie re- 
actors, some of the stable Ar IM in the air is con- 
verted hy neutron absorption to radioactive Ar 4 \ 
which has a half-life of 110 minutes. Bc<-au*c of 
the *horl half life, the production of A i 1 1 does no! 
represent a long term hazard, hut the di*cha!gc of 
this radioisotope to the atmosphere must hr carried 
out in such a way that living organisms will not he 
endangered before the Ar 4 ’ has decawd. This i* 
ilone hy greatly diluting the radioactive air and hv 
discharging it from high stark*. 

Properties. Argon is cnlorles*. odorlr**. and 
tasteless. The element is a gas under nrdinarv con- 
ditions. hut it can he liquefied and solidified 
readilv. Some salient properties of the gas are 
Ii*ted in the table. 

Properties of argon 


\lorm« number IK 

Momic ttritfht Mitiimsplierie argon i HU 0 1 1 

Melt mg (wiiiii f triple j»oiiit). rt (’ 180 4 

boiling |ioin1 :ii 1 utm pressure, 1 ( . — IH.'i 1 ) 

1 1 , is dentil y «t O’t 1 mid 1 uliii piessiire, 

« filer 1 7810 

I .kiii i<l deriHil) at norniiil Intiting |x»int. 

a ml I ,VW» 

s oluhilil> in muter at 20°!!. ml argon i S'l* I* i 
pec 1 1100 g water at l atm partial pressure 
* if aigon 33 ft 


Argon doe* not form any chemical compounds in 
the ordinary sense of the word, although it does 
tnrm some weaklv bonded rlathrate compounds 
*ith water, hydroquinonc, and phenol (.sec (!um- 
R\tk < om rot f. There is one atom in each mole- 
‘ule of gaseous argon. 

Production and distribution. Argon i* produced 
in air-separation plants. Air is liquefied and ‘-ul>- 
Wtrd to fractional distillation. Because the boil- 
hig point of argon is between that of nitrogen and 
n *vgen. an argon-rich mixture can he taken from 
a tray near the center of the upper distillation rm 
•irnn. The argon-rich mixture is redistilled and then 
further treated to give very pure argon which con- 
lains only a few parts per million of impurities. 
ior further information on the distillation of liquid 
air. see Atmospherics asks. production oi*. 

Because argon constitutes almost of the air. 
** h plentiful and cheap, ft is sold as a gas under 
pressure in steel cylinders, and as a liquid in insu- 
tated tanks ranging in size from a capacity of 
a k<uit 300 lb of argon in a vessel weighing about 
550 lb when full that can be handled by one man, 
to l ar ge tanks mounted on truck trailers, and rail- 
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road tank cars, each holding about 90,000 lb of 
argon. 

Analytical determination. The principal modern 
methods of detecting and quantitatively determin- 
ing the argon content in gases are mass spectrome- 
try and gas chromatography. Until these methods 
were developed, it was necessary to separate argon 
from other inert gases hy selective low-temperature 
adsorption on activated carbon in order to deter- 
mine how much argon was present in a mixture. 
The older method of identifying argon is hy its 
characteristic emission spectrum, obtained hy pass- 
ing a gas sample through an electric discharge tube 
ut low pressure and anal) zing the emitted light 
wilh a spectrometer. .See Jnlanueslknt lamp; 
1-ii.nn \f i ion (.asks: Welding and cun ini; o* 

| K.A.i./J 

DihliograpliY : G. A. Cook (ed. 1, Argon , Helium , 
and the Hare Cases, J961 ; H. J. EmeJius. Argon. 
in J. F. Thorpe and M. A. Whiteley (eds. ). 
Thorpes Dietionary of Applied Chemistry , vnl. 1. 
hh ed„ 1937 : F. P. Gloss. Jr.. Rare gases in t*verv- 
da> in-. J. (.hem. Edur 18( 11 1 : 533- 539. 1941; 
K- A. Jon*'- and M. A. Dub*. Helium-Croup Gases , 
in l{. K Kirk unci I). F. Othmei (eds. |. Encyclo- 
pedia of Chemical Technology . vnl. 7. 1951 ; On the 
argon front, (.hem. R eek. 73 ( 16 ) :93 95. 195b 

Arguloida 

A group of crustac eans known as the fish lice. The 
taxonomic *tatu* of the Arguloida ha* been the sub- 
ject of c ritical studv in recent years. Arguloida 
have been included a* an order of the subclass 
Branchiura and as a *uborder of the order Bran- 
chiura in the *ubclass Co pc pod a. Cope pod a affini- 
tic* for the argulid* are not justified according t< 
A. Flcminger on the basis of an appraisal of bran- 
chiuran rne r phologv. See Branghiuka. [c.b.c.1 

Argyrodite 

A mineral having composition Ag*GeS« and crys- 
tallizing In the isometric system. Argyrodite crys- 
tals show the octahedron and dodecahedron, but 
the mineral is usually massive or in crusts with a 
cr\*talline surface. The hardness is 2.5 (Mohs 
scale 1 and the specific gravity is 6.3. The luster is 
metallic and the color black with a blue-to-purple 
tone. A complete series exists between argyrodite 
and canfieidite. Ag*SnSfi, with substitution of tin 
for germanium. The principal occurrences of both 
minerals are at Freiberg, Germany, and Potosi, 
Bolivia, associated with other silver minerals. Ar- 
gyrodite is one of two germanium minerals and is 
thus a source of this rare but important element. 
See GlRMANHM. fc.S.HU.] 

Arhynchobdellae 

An order of the class Hirudinea (leeches) which 
do not have an eversible proboscis, but instead fre- 
quently have three jaws armed with sharp teeth. 
The blood of these annelids contains hemoglobin. 
They may he divided into the Gnathobdellae, with 
jaws, and the Pharyngobdellae, without such struc- 
tures. 
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bright star, Hamel (the Rani), an eye of the Ram 
is a navigational star. Among the 12 zodiacal con- 
stellations, Aries was considered as the first, U*. 
cause about 2000 years ago when the zodiacal con- 
stellations were organized, the Sun was in Ari<> 
where it crossed the Equator at vernal equinox 
Today, because of the precession of the equinoxes 
this reference point has moved into the ronstella. 
tion Pisces. However, Aries remains the first sig n 
of the Zodiac. See Constellation. [l.s.v| 

Aristolochiales 

A small order of the plant subclass Dicotyledon*^, 
including two families: the birth wort family (Aris. 
tolochiaceae) with 6 genera and 400 species, and 
the ruffiesia family ( Kafllesiacea I f a small groii|i 
of plants wholly parasitic on the roots of tropical 
trees. Members of these two families have little 
economic importance. Wild ginger, pelican flutter. 
Dutchman's- pipe, and the medicinal Virginia snake- 
root are representatives of the Aristolochia* cac. 
The Indomalaysian parasite. Rafflcsiu arrw/di , bear* 
the largest known flower. 18 .16 in. in diameter and 
weighing as much as 20 lb. .See Dicotyledon i o; 
Embryophyta; Plant kingdom. 1im>.s ! 


Arhynchobdelloe. (o) Brpodotla punctata. ( b ) Hoe- 
mopis grandis . 

Gnathohdellae have bodies which are oval in 
cross section, and have a conspicuous posterior 
sucker. The anterior sucker does not project be- 
yond the sides of the body but forms a deep cup on 
the underside of the head in which the jaws can 
work to make their incision in the host. This group 
contains most of the important bloodsucking, leech 
parasites of man and other warm-blooded animals. 
Some have often been used by medical men suoh as 
Macrobdella decora in North America, Hirudo 
medicinalis in Europe and northern Asia, and Hi- 
rud inaria granulosa in south and east Asia. The 
land leeches, such as Haemadipsa , are members of 
this group. They occur in great numbers on vegeta- 
tion in swamp and jungle areas and attach them- 
selves to passing warm-blooded animals. They 
make traveling on foot in these areas exceedingly 
unpleasant, and death from loss of blood or sec- 
ondary infection is not uncommon. Haemopis is an 
example of a gnathobdellid leech which has lost its 
bloodsucking habits. Its food consists of small in- 
vertebrates such as earthworms, which it ingests 
whole. The teeth are blunt. 

Pharyngobdellae are specialized for carnivorous 
diets and in many cases have completely lost the 
jaws. They have a strong muscular pharynx which 
extends nearly half the length of the body. Erpob - 
della is common in lakes and streams in the North- 
ern Hemisphere, while T rocheta tends to leave the 
water and forage in moist soil. See Hirudinea; 
Rhynchobdellae. [k.h.m.] 

Aries 

The Ram, in astronomy, a zodiacal and autumnal 
constellation. In Aries, the few stars brighter than 
fourth magnitude form an obtuse triangle. The 


Arkose 

Arkose, or feldspathic sandstone, is arcriite (rock 
composed of sand-size fragments) that contain* ;i 
high proportion of feldspar in addition to quart/ 
and other detritul minerals. Although there i- no 
universal agreement, many geologists consider a 
minimum of 25% feldspar u requisite for railing 
sandstone an arko>e. Other geologists accept a 
lower value. ^ 

Composition. Arkoses inav contain a high pro- 
portion of other nnnquartz detritus, such a* igne- 
ous and metamorphic rock fragments, mica*, urn* 
phiboles, and pyroxenes. Frequently the urres*«»r\ 
heavy mineral suite consists of a variety of specie*. 
Though the arkoses are rarely as well sorted a* 
orthoquartzites, they may be moderatelv vvrll 
sorted. The grains are angular or poorly rounded 
Clay matrix is generally subordinate in arkose*. 
but there may be as much as 10-15 Tv • The cla\ if- 
dominantly kaolinile with smaller proportion* «»f 
micaceous and montmorillonitic day. Presum- 
ably much of the kaolinite has come from the 
weathering of feldspar. Conglomeratic zones are 
common in many arkoses. Feldspathic sandstone* 
that contain less than 25% of feldspar have been 
termed subarkoses. They gre in genera] similar to 
the more highly feldspathic true arkoses. 

Structure. Sedimentary structures of arkoses are 
similar in kind to those; of the orthoquartswtr-- 
Cross-bedding, the vnajo£ feature, may be dis- 
played on a huge scale, #ome cross-bedded units 
being many feet thick. Bedding is crude and many 
times not distinguishable $ many beds are thick 
and massive. Ripple mark# may be present but are 
not common. Some arkotffes, such as those of th? 
Newark Series along the Atlantic Coast of the 
United States, contain mudcracks, frost crystal im- 
pressions, and footprints of small dinosaurs. 


Occurrence. Arkoses are associated with a vari- 
rty of clastic rocks, dominantly conglomerates, 
and reddish-colored shales. Less commonly they 
occur with basic lava flows. The formations occur 
as thick, wedge-shaped deposits, the thick end of 
the wedge being in close proximity to the source 
area and sometimes separated from it by normal 
faults of large displacement. Other arkoses are 
relatively thin formations that overlie granitic ter- 
rain. These formations grade laterally into other 
kinds of sandstone away from the area of underly- 
ing granite* Most arkoses are found in geosyndi- 
nal areas, but the thin, reworked, granite-wash ar- 
koses can be found on stable continental plat- 
form*. See G rosy Nr: line. 

Origin. The granite-wash arkoses appear to have 
formed as the result of a transgression of the sea 
over a land area underlain by granite. The frag- 
mented granite in the soil and mantle rock is in- 
corporated in the basal sediment. In some areas 
the original granite is changed so slightlv that the 
arkose is called “recomposed granite” and may be 
almost indistinguishable from the original granite. 

The origin of the arkoses is best understood in 
terms of the abundance of feldspar. Feldspar is un- 
stable both chemically and mechanically as com- 
pared with quart.- and. given sufficient rigors of 
• hemical weathering at the source and abrasion 
during transportation, will disappear. The lack of 



(which d C tL m,C r ,herin « at source 
the ? h * co L mnbution of much feldspar to 

£ sediment) may be due to high topographic re- 

or aridity * ' C extreme8 ’ ««* as extreme cold 

Since high relief and climatic extremes gen- 
art V 8re assorlated w, 'th orogenic movements, 
USUa ,y interpreted 88 sediments that 
result from tectonically active regions. The abun- 

, , ,r ' m L oxld fs present in most arkoses. the 

nud tracks and the fanglomerates, all point to a 
predominantly terrestrial mode of deposition. The 
in granite washes are marine and represent dif- 
ferent conditions. See Feldspar; Graywaoce; 
Orthoquartzite ; Sandstone; Sedimentary 

"° CKS - [ R.S.] 

Arm 

In man, the upper limb, consisting of upper arm 
and forearm. Its bony framework is made up of 
the upper humerus and the two forearm bones, the 
outer radius and the inner ulna. The ulna hinges 
at the elbow with the humerus, and the radius ro- 
tates on the lower end of the ulna, thus allowing 
turning of the wrist. 

Two major muscle groups are found in each por- 
tion. the extensors and the flexors. Those of the up- 
per arm act principally on the forearm: those of 
the forearm, on the wrist, hand, and fingers. Total 
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arm movements are made by means of shoulder and 
trunk muscles. 

Motor and sensory nerves are derived from the 
brachial plexus by way of the radial, ulnar, and 
median nerves. Blood supply is primarily through 
the brachial artery, and venous blood returns 
through both a superficial and a deep set of veins 
to the axillary region. A rich lymphatic system 
drains into the lymph nodes of the axilla, or arm- 
pit. See Anatomy, regional. [e.c.st.] 

Armadillo 

Any of several species of American mammals of 
the family Dasypodidae, order Edentata, found 
mostly in tropical America hut with one species in 
the United States. The armadillos are covered with 
bony plates which are embedded in the skin and 
covered with a horny layer of epidermis. They are 
f os so rial and armed with long claws for digging. 
Although they are members of the Edentata, arma- 
dillos have many small, simple teeth. 



The nine-bonded armadillo, Dasypus novemcinctus ; 
length to 28 in. ( Alton 0. Cruickshank , National Au- 
dubon Society) 

The nine-banded armadillo, Dasypus novemcinr - 
Iiij, formerly found only in eastern Texas and 
southward, has now spread eastward and north- 
ward into Oklahoma, Louisiana, Arkansas, and Mis- 
sissippi. It has been successfully introduced into 
Florida. See Edentata. f j.d.b.1 

Armament, air 

A term which includes all the equipment of a com- 
bat airplane that delivers destructive energy on a 
target. Guns, bombs, and guided aircraft rockets 
(air-to-air missiles) are examples of the armament 
employed by the U.S. Air Force. The airborne de- 
vices used to aim and direct guns, bombs, and rock- 
ets are also included under this term. 

An assortment of the armament that is said to 
give the one-man fighter-bomber as much destruc- 
tive power as an entire bomber formation of World 
War II is depicted in Fig. I, which shows the Air 
Force’* supersonic jet, the Republic F-105, The 
F-1Q5 can carry nuclear weapons both externally 
and internally. 

Aircraft guns. Guns mounted in combat air- 
planes are designed with careful attention to the 
classical problems of aircraft design, namely, 


weight and drag. High-weight combat aircraft ai( , 
inefficient because they cannot maneuver with the 
agility necessary to bring their armament to b,. ar 
on the enemy. On the other hand, a modern air. 
plane is a tremendous investment in dollar* and 
engineering talent, and it should carry e!leeii Vf . 
armament into combat. 

Excess weight is a severe penalty, and aerody- 
namic drag seriously impairs the operational pffi. 
ciency of the combat airplane; thus air armament 
must be kept light in weight, yet potentially 
destructive. Other conditions for successful opera, 
tion include reliability in the environment of <? x . 
treme altitude and extreme cold, and in the arrrl- 
oration loads experienced under what is called 
high-# maneuvering. This latter condition is not en- 
countered by ground armament and requires special 
attention in the design of machine-gun mechanism^ 
and the arrangements required to feed belts of 
ammunition to the guns. In addition, aircraft guns 
must have a high rate of fire because of the fleet- 
ing opportunities afforded under the dynamic con 
ditions of aerial combat. 

Aircraft guns shoot solid (ball), incendiary, and 
explosive round*. When used against thin aircraft 
structures and volatile fuels, hall ammunition 
mixed with incendiuries is verv effective. Against 
heavier structures, armor-piercing projectile* 
mixed with incendiaries are necessary. Modern 
supersonic aircraft with nonvolatile fuel* and heaw 
structures have made obsolete the aircraft gun- 
used in World War If. Accordingly, modern an 
craft armament for air-to-air combat trends more 
to the use of explosive shqjls, rockets, or air-toan 
missiles. 

Aircraft cannon firing explosive shell* rangr 
from the smallest useful size, 20 mm. to a* larg« 
as 105 mm. The V ulcan cannon, shown in Fig- i 
can fire 6000 rounds of 20-mm ammunition |»»-i 
minute. Large cannon transmit unacceptably largr 
recoil forces to the structure, and the install'd 
weight of the cannon, its recoil mechanism, and tin 
mounting fixture penalise aircraft performance. 

There are many types of mechanisms used t«* 
achieve sustained automatic fire in aircraft ma 
chine guns. The Browning mechanism used b\ dn 
ll.S. Air Force during World War II achieved a 
high degree of reliability. The caliber .50 machine 
gun, standard equipment in the famous Mustang 
Thunderbolt, and Lightning fighters, was an mil 
growth of many years of development. The firing 
rate approached 600 roufids per minute and. 
installed in batteries of apt or eight machine gun* 
delivered a hail of bullets against the target. 

Post- World War II machine guns, designed *« 
handle larger cx plosive- tyjie shells, include Mauser. 
Hispano Suiza, Oerlikon,Jand Gatling type me* ,a 
niftm*. Whereas the Browning mechanism * s °1| K 
ated by recoil forces, tht Mauser, Hispano u,za - 
and Oerlikon types depend upon propellant 
to eject the spent cartridge case and feed a 
round into the chamber. See Ballistics, inter 


Heliability ia of crucial importance i„ air arraa . 
ment because the guns are entirely jj 

after the airplane is airborne. Consequently,' 
em sir armament has gone to extremes to expire 
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St*, Si r^^t re,i «*»ility. One of 

Pl»...n .he ,.« n d,. Co.«, gralIy , 



\ An assortment of the armament that can be 
carried by the M05. In foreground, 2. 75-in. rockets; 
dean cannon (directly behind pilot) and its ammuni- 
, *h°wn on either side. Boxes directly behind con- 
* oin •••ctronte equipment, left side (left to right): 
ri * row, rocket launcher, air-to-air missile with 
unchers; second row, Are bomb, chaff dispenser, 
wing fuel tank, "buddy” refueling tank; third 
row ' fire bomb# two 750-lb bombs, 1000-lb bomb, 


bomb-carrying pylons, and (extreme top left) flare dis- 
penser. Right side next to plane (top to bottom): nu- 
clear-weapon bombing trainer, secret nuclear weap- 
ons; next vertical row, practice bombs, bomb-bay 
fuel tank. All other items, including pylons behind 
practice bombs, are duplicates. Half-shell object to 
left of nose is the center fuselage nuclear-bomb-carry- 
ing pylon. (Republic Aviation Corp.) 


ence upon the firing of each and every round is 
broken. If a round is faulty or if a firing pin fails 
to strike because of vibration, the round is ejected 
by the motor-driven mechanism, and the gun con- 
tinues to fire. Modern motor-driven mechanisms 
achieve very high rates of fire with appreciable in- 
creases in reliability. 

Aircraft rockats. The rockets used in combat 
aircraft employ warheads similar to cannon shells, 
that is, armor-piercing, incendiary, and explosive. 
They are particularly suited for air armament, be- 
cause immediate aerodynamic stability is achieved 
by virtue of the fact that they are launched from a 
moving platform into a high relative wind. They 
impart no recoil forces to the airplane structure 
and can carry a relatively large explosive load be- 
cause the warhead is not subjected to the extreme 
forces of acceleration encountered by gun-launched 
shells. 

Aircraft rockets are carried under the wings of 
fighter or ground-attack airplanes. In supersonic 
aircraft it is necessary to mount the rockets in 
streamlined containers or in rocket or missile hays 
similar to bomb bays. 

The larger sizes of aircraft rockets are capable 
of carrying nuclear warheads. The effective radius 
of destruction available from these warheads has 
changed the entire pattern of air armament, ren- 
dering obsolete chemical explosives for all but 
limited and specialized targets. 

Guided aircraft rockets < air-to-air missiles) are 
carried under the wings of combat aircraft ( Fig. 2 ) 
or in missile bays. They depend upon radio or 
radar for midcourse guidance and upon radar or 



Fig. 2. The Genie, a rocket-powered oir-to-olr missile 
carrying a nuclaor warhead, it corriad undar tha wing 
of on F-89 {at fighter and con bt stowed in th# missile 
boy of th# F-101, F-102, and F-106. (Officio/ US. Air 
Force photograph) 



Fig. 3. The B-58, a modern supersonic bomber. 'Offi- 
cio/ U.S. Air Force photograph) 

infrared energy reflected or emitted from the target 
for homing in the final pha*r* of guidance. The wai- 
heads used in air-to-air missiles can be either diem 
ical nr nuclear. 

The fuzes of aircraft rockets and uir-to-air mis. 
siles can be of the impact, time, or proximity tvpt-, 
that is. the warhead will be detonated when th<- 
rocket hits the target, or at a predetermined tirnr 
after launch, or when the rocket passes within a 
specified distance of the target. See Ghdkd mis. 
>ii. k: Missilk; Kockkt. 

Bombs. Bombs are the symbol of uir urrnatmnt. 
They represent, in modern form, the ultimate in 
destructive threat. In contrast to guns and rockets 
bombs constitute a more efficient method of intliii 
ing damage on the target, because, for a gi\»*n in- 
stalled weight, they can deliver more energy than 
can rockets or cannon shells. Bombs using chemi- 
cal explosives are available in explosive, genrijl 
demolition, armor-piercing, and fragmentation 
type*. 

During World W'ar II. the general-purpose derm* 
lition l>omb, carrying chemical explosives such 
TNT, was the principal offensive weapon of air 
power. Against specialized turgets such as subma- 
rine pens, armor-piercing bomb* were employed 
Thermal and incendiary bombs were used together 
with demolition bombs when destruction of facto- 
ries and wooden buildings was the goal. 

Bomb* are carried in bomb bays of aircraft or 
under the wings of fighter-bombers or attack air- 
craft. When designed for external carriage on su- 
personic aircraft, the bomb case must be shaped 
for minimum aerodynamic drag and minimum buf- 
feting and interference wi|h the aircraft structure. 

Specialized bombs carrying chemicals have been 
designed, and some have keen used. A typical ex- 
ample is the napalm, of jellied-gasoline, bom 
which was used against ^inflammable targets in 
World War II and in the fCorean conflict. 

The availability of nuclchr energy, first display 
in destructive form at Hiroshima, changed the entire 
pattern of air armament. A World War II bom er, 
such as the B-17 or B-24S, could carry 2 tons o 
chemical explosive. A modern bomber, such as 
B-58 (Fig. 3), armed with a fission or fusion 
weapon can carry a hundred thousand times 
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element of effectiveness as the destructive power 
of the bomb itself (see Fig. 4). Bomb aiming is a 
dynamic problem in three-dimensional space. The 
essential elements are the altitude of the plane, the 
speed of the plane, the altitude of the target, and 
the wind velocity. AH bombing systems use a sta- 
bilized platform oriented to the local vertical. 
Bomb ballistics and wind data are normally pre- 
set. Air speed* and relative rates are entered into 
the computation of the release time by radar or 
optical tracking. .See Fire-control systems; (Jiin 
SIWITS; .see also ARMAMENT, ARMY; ARMAMENT. 
NAVAL. [ L.I.D.] 


4 . Bomber armament. l f Fire-control radar for 
turret' 2, toil turret, 20-mm cannon; 3, air-to-surface 

\sile; 4. bomb bayl; 5 ' bomb,n ® radar > 6 ' °r r ' CQ * 
Hod at bombsight. ( Official U.S. Air Force photo- 
graph) 


Armament, army 

A term which covers nearly all the combat equip- 
ment employed by armies. It includes everything 
from pistols to huge artillery pieces, from light 
personnel carriers to heavy tanks, from shoulder- 
fired bazookas to huge missiles with nuclear war- 


mil0 h destructive energy. See Atomic bomb; Hy- 

dRor.KN BOMB. , . . - 

Fire-control mechanisms. Devices for aiming 
ns homliH. and rockets are called fire-control 
m.(hani«ms and include (tunsijjhls. rorketsicht-. 

ImnibsiKhts. Because of the hifili of <om- 

j li( ,jf ( Ta ft. the the'* time available foi aeqm-i- 
tom of data and computation of aiminp points, and 
i|i.- lack of precise information about target*, the 
ii-rwl fire-control problem is ven difficult. Kadar as 
.,|1 optical means is used to determine loca- 
, llin and rantte. (ivros.-opes are used to determine 
jne „|ar rates with respe. t to inertial reference 
Times, and accelerometers and stable platforms 
ire emploved t.. determine the direction of the ver- 
t-,,,1. Ve Fit A Ml- OF HF.FFBFN1 F. 

Kadar wa- introduced during World War II as a 
.let ice to assist in aiming guns and to aid in aiming 
Iminlis at night and when clouds obscure the tar- 
See HsilAR. 

IV problem involved in aiming guns and rocket? 
ind«-r the conditions of a* rial combat i* distinctly 
hfferent from the problem of aiming ground wrap- 
•trN In the ground ease. gun and target are usu- 
ally stationary, and ballistic drop due to gravitv is 
V principal correction, windage being next in inv 
l'»rtance. In air-to-air combat, the launching air- 
* raft and the target are moving at high speeds. The 
wn^ary aiming correction, due both to relative 
snoiiun and to motion with respect to inertial refer- 
H nre frames, is quite large. The kinematic lea . 
that is, the aiming correction due to motion, is u*u- 
considerably greater than the gravitv drop e • 
k't in aerial combat situations. Fire-control de- 
' Mp designed to assist the pilot of a fighter aircraft 
,|M * gyroscopes to detect angular rotation with re- 
W to inertial apace, and radar to detect range 
r *nge rate. The same aiming mechanisms are 
pessary to aid the defensive gunner in a bomber 
jir ‘taft in using his guns against enemy attacks. 
Rwnbsightti are an eaaential part of air arma- 
because accuracy of delivery is as much an 


heads. Ammunition, gun mounts, and fire-control 
instruments are also included (see Fire-control 
systems). Th° armament of the U.S. Army consists 
of five broad categories of materiel: infantry weap- 
ons artillery, ammunition, rockets and missiles, 
and armored combat vehicles. 

Infantry weapons. These are light portable 
weapons often grouped tinder the older term “small 
arms." They include pistols, shotguns, carbines, 
rifles, machine guns and submachine guns, rocket 
and grenade launchers, recoilless rifles, and light 
n.Airtars. The most widely used of these do not 
exceed, in bore diameter. 0.50 in. (caliber .50), 
but rocket and grenade launchers, recoilless rifles, 
and mortars are larger. 

During World War II, the Korean War, and until 
1957. the standard U.S. Army rifle was the Ml. or 
Ci» and. developed at Springfield Armory and 
adopted in 1936. ihe Ml (Fig. 1) is a semiauto, 
matic. gas-operated, caliber .30 weapon that weighs 
9 U, lb without bayonet. A lighter weapon for serv- 
ice troops and other personnel was the 5-lb caliber 
.30 carbine adopted in 1942. Another light weapon 
used for close-in fighting was the caliber .45 sub- 
machine gun. Older, more powerful, and heavier 
wa* the caliber .30 model 1918 Browning automatic 


rifle <BAR). , . f 

In 1957 the U.S. Army announced adoption ot a 
new rifle capable of either automatic or semiauto, 
matic fire with the new 7.62-mm (equivalent to 
. *iher ,30) NATO cartridge used also by other 



Fig. 1 
and). 


U.s. rifle, eoliber .30 Ml (jemlootomatic Gar 
(Official U.S. Army photograph) 
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Pig. 2. Right and left views of Ml 4 rifle with muzzle- 
flash hider. (Official U.S. Army photograph) 



Pig. 3. M60 machine gun on tripod mount. ( Official 

0.5. Army photograph) 



Fig. 4. The 105-mm recoiiteu rifle. (OflSciafU.S. Army 
photograph) 


members of the North Atlantic Treaty Organization. 
Like the Ml, it was developed at Springfield 
Armory and is a gas-operated weapon. Known as 
the M14 (Fig. 2), it weighs 8.7 lb and is replacing, 
as rapidly as manufacture permits, the Ml rifle, the 
carbine, the submachine gun, and the BAR, thus 
greatly simplifying the supply of weapons and 
ammunition. M14 ammunition is fully inter- 
changeable with that made by other NATO coun- 
tries. Two standard hand arms, the caliber .45 auto- 


matic pistol for officers and noncommissioned 0 f 
ficers only and the caliber .38 revolver for genera)* 
remain in service. 

American troops fought in World War 11 an( | j n 
the Korean War with two calibers of ground nia- 
chine guns, .30 and .50. Both were based on ih e 
designs of J. M. Browning, as was the BAR. ( n 
1957 the Army announced adoption of a new light 
machine gun, the M60 (Fig. 3), designed to re< 
place the older caliber .30 machine guns. It 
the new 7.62-mm NATO cartridge, weighs on| v 
23 lb with bipod, or 48 lb with tripod, and features 
a quick-change barrel. The caliber .50 air-cooled 
machine gun remains as a standard weapon for 
use on tanks. 

Two types of infantry weapons that appeared 
in World War II won a very important place for 
themselves in the army arsenal. First was the ba- 
zooka. a portable rocket launcher that gave tlu- 
infantryman the power to knock out a tank. The 
second new type was the recoillens rifle (Fig. 4i 
that put artillery firepower in the hands of the in 
fantry. The standard recoilless rifles of the poM 
Korean War years were the 90-mm and 106-mm. 
the latter frequently mounted on a jeep. 

Three newly de\eloped infantry weapons give 
the soldier a great increase in firepower. The fir-t 
is the M79 grenade launcher, a stubby, shouldn 
fired piece that thrown a 40- in in grenade up to 44gi 
meters against machine-gun nests, bunkers and 
troops (Fig. 5k The second, a bazookalike weapon 
(M72) firing a rocket grenade. gi\rs the indi 
vidua! ability to defeat any known tank single- 
handed (Fig. 6). Its effective range is much greater 
than that of the bazooka, its shell more potent. The 
third, the Davy Crockett, is a hand- or jeep-port- 



weapon it 6 lb. (Official C/.S. Army photograph) 
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Pig. 6. The M72 rocket grenade and launcher can 
knock out any known tank. (Officio/ U.S. Army photo * 


graph ) 


mm and 175 mm are shown in Figs. 9 and 10, 
respectively. 

Ammunition. Army weapons fire many different 
types of ammunition, each type designed for a spe- 
cific tactical use. For infantry weapons such as 
rifles and machine guns, the main types are ball, 
tracer, and incendiary. 

A conventional small-arms ball cartridge, or 
round, as it is commonly called, consists of four 
main elements: (1) a bullet with a steel or lead 
core covered with a gilding metal jacket; (2) a 
cartridge case made of brass or steel and crimped 
to the base of the bullet; (3) propellent powder in 
the cartridge case; and (4) the primer, a small 
pellet of sensitive explosive that ignites when 
struck by the firing pin and sets off the propelling 
charge. Tracer and incendiary bullets are hollow 


able weapon somewhat like a mortar and capable 
of firing either nuclear or conventional warheads in 
tactical battlefield operations (Fig. 7). The 81mm 
and 42-in. mortars, capable of lobbing high-ex- 
plosive or smoke shells onto enemy positions, round 
.Hit the category of infantry weapons. 

Artillery. Heavy weapons capable of firing high- 
explosive shells or armor-piercing shot fall into this 
category. The two main types are called guns and 
howitzers. Guns have longer barrels to give higher 
velocities, hence flatter trajectories and 
|„nger ranges, while howitzers have stubbier bar- 
with lower muni? velocities and shorter ranges 
«Kig 8). In weight, artillery weapons of the U.S. 
\rmv muv he classified as light (up to and includ- 
ing the 105- mm howitzer), medium (up to and in- 
cluding the 155- mm howitzer), and heavy (the 155- 
rwn gun and larger pieces). The heavy pieces have 
atomic capability. Their tactical use is the basis for 
classification of these weapons as field, tank, anti- 
tank. or antiaircraft artillery. Since Uorld War II 
a basic distinction has been made between towed 
and self-propelled weapons. Seacoast artillery and 
long-range railway guns are now obsolete. 

The principal components of an artillery weapon 
are the tube, the breechblock, the recoil mechanism 
and the carriage or mount. The tube is ma e o 
special alloy steel of high tensile strength to with- 
stand the extreme pressures generated when the 
weapon is fired. The inner wall of the tube, known 
as the bore, is rifled- that is. cut with spiral 
grooves, to impart a spin to the projectile, gwmg 1 
stability in flight. The breechblock resembles a 
* heavy steel door that may be swung open to permit 
loading of the weapon and then closed tight an 
locked in order to prevent escape of propellen 
8»ses to tlie rear when the weapon is fired. The re- 
«!il mechanism consist* of hydraulic cylinder, that 
*wve a* a brake on the jearward recoil of the tube. 
A counterrecoil spring help* to check the recot an 
teturns the weapon to its firing position. There are 
"tatty different types of carriages and mounts, 
"todern trend is toward placing all artillery pieces 
011 'racked or wheeled carriages that are either 
"»*ed or self-propelled. Self-propelled gun* of w 



Fig. 7. Davy Crockett, a hand- or jeep-portable 
weapom sys’em capable of firing atomic or conven- 
tional worheod. in support of front-line battlegroups. 
Nuclear warhead shown here. (Officio/ U.S. Army 
photograph) 



Fig. 8. An W«. howitxer being firm! h Karoo. (Offi- 
ciol U.S. Army photograph) 
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Fig. 9. The M 56, a 90- mm telf-propelled gun. The 
lightweight metals comprising its hull enable it to trav- 
erse muddy, marshy, or sandy terrain and snow, and 
permit it to be air dropped. The 90-mm gun, mounted 
above the hull without a turret, is a powerful antitank 
weapon. The M56, which carries a crew of three men, 
is powered by a 6-cylinder, air-cooled, engine of 205 
moKimum hp, ond is capable of traveling 30 mph. (Of- 
ficio/ U.S. Army photograph) 

and filled with powder. Machine-gun ammunition 
require* special fabric belts or metallic links to 
feed it into the weapon for rapid and continuous 
firing. 

Hand grenade* and rifle grenades form a sepa- 
rate category of small-arms ammunition. A hand 
grenade is designed to be thrown by hand like a 
baseball: a rifle grenade is projected to longer 
ranges from a rifle bv use of a special blank car- 


\\ 



Fig. 10. The T235, a 175-mm self-propolled gun that 
con b« used for long-range fire or, with Ht high eleva- 
tion and zoned charges, can bring plunging Are down 
on targets at shorter range. (Officio/ U.S. Army photo - 
graph) 


tridge and a grenade launcher attached to the rifle 
In the mid-1950s the Army adopted the first new 
hand grenade since World War I, a smoother- 
faced item lighter yet 2V6 times more powerful 
than the older, serrated-surface grenade shown in 
Fig. 11. 

Conventional artillery ammunition operates on 
the same basic principle as small-arms ammuni- 
tion, but each round is much larger and heavier 
Some rounds are so large that gunners must fom] 
them into the weapon one part at a time -first the 
projectile or shell (including the fuze), then the 
hags of propellant, and finally the primer. Such 
rounds are known as separate-loading ammunition. 
Smaller rounds, known as fixed ammunition, arc 
completely assembled units, or cartridges The 
main types of artillery projectiles arc high-explo- 
sive (llK), high-explosive antitank (HKAT) nu- 
clear. chemical, illuminating, armor-piercing, can- 
ister. and leaflet. Fuzes are classified according to 
their position on the projectile as point-detonating 
(PD), base-detonating (BD), or point-initiating 
base-detonating (PIBD). On the basis of their 



Fig. 1 1 . The new, smooth-cute hand grenade ia: u 
lighter and more powerful than the well-known 
previous type (b). (Official U.S. Army photograph ) 

functioning they are classed as impact fuzes, time 
fuz.es, or proximity fuzes. 

Recoilless rifle* fire a special type of ammuni- 
tion with a perforated cartridge case that permit- 
escape of some of the propellent gases to the rear 
to counteract recoil (.ter Ballistics. interior l 
Recoil less rounds also have preengraved rotating 
bands that mesh with the filling grooves. 

Other types of ammunition are land mines, dem- 
olition materials, and pyrotechnics. The land-mine 
category includes both antitank and antiperson 
nel mines containing charges of TNT or other ex- 
plosive. Demolition materials include such *i fn,il 
as blocks of high explosives for destroying bn R ps 
or other structures, and baehgalore torpedoes ( 
explosive-filled slee) tube*) for clearing tt Pf 
through minefields. Pyrotechnics are ammumtmn 
items that produce light or colored smokes 


Fig 12. Th* U.S. Army’s Nike fomily: Nike-Ajox, 
Nike-Herculet, and Nike-Zeus (left to right). The first 


wa®:«SH£i5*: 

**? are antiaircraft missiles, the third a long-range 
ant.rn.ss.le missile. (Officio/ U.S. Army photograph ) 


paling »r for illuminating an rnmiv potion at 

Ml Jill I . 

Rockets and missiles, I’riimlivc nxkrt- cnjwvrtl 
-l.rief career in the l\S. Army earls in the nine- 
irrnth century hut were dropped -non after the 
■•\i<an War. a, rifled cannon had greater accu- 
»" an<1 ™ngc. They appeared again in World 
it II and became so important in the scars f,.l- 
that they threatened to supplant conven- 
"'•nal artillery altogether. 

1l,f Par, ' c «* and simplest I'.S. Armv rocket 
of modern times was the shoulder-fired 
‘ « in. rocket launcher of World War II known as 
<• ia%ooka. It fired a high-explosive antitank 

1950* • ar * e r<K ’* Crt l,<v • s MAl , F» « HAHia.). In the 
j , ** *** replaced by an improved 3.5-in. 
iL, ,n ' * r ,a P®ble of penetrating the toughest and 
p 1 ,a nk armor used. 

'miA a w ide area with high-explosive or 

the A . c,s ** short range, the Army adopted 

lielu * n . nH, hiple launcher with 25 lubes on a 
'W carriage. 

H'arTi^ ' n *j rfa, i > n guided missiles after World 
"faun rCH . ^ * n development of rocket- powered 
*"ns p S .. W,> ^hing front 100 lb or so to several 
hniinLu i m }** n <* < free-flight rockets ) for 
or bombardment use include the 762*mm 


Honest John and the 318-mm Little John, both 
mounted on and launched from a truck. Antiair. 
craft guided nicies with command guidance are 
Aike-Ajax and ke-HercuIes (Fig. 12 1. Hawk h 
another air defense missile with "homing” guid- 
ant e. Larros^. Sergeant, and Corporal are versa- 
tile. partially or fully guided missiles for distances 
“P to 100 miles. Redstone is a 200-mile guided 
missile with an atomic warhead. Pershing, with a 
longer range, also has nuclear potency. 

The air defend missiles are rapidly supplanting 
antiaircraft^artillery, all of which should be obso- 
lete by 1970. while the surface-to-surface types 
are expected to obviate need for ground artillery 
except for unusual situations. Important reasons 
that the rocket missile is both the gun and the 
ammunition and. when guided, hits the target with- 
out wasting innumerable rounds. See Ballistic 
missile; Cciped missile; Rocket. 

Armored vehicles. The tank family consists of 
three types of armored fighting vehicles: the 25- 
ton M41 tank, the 49-ton M48 tank, and the 63- 
ton M103 tank. The main armament of these vehi- 
cles consists of a 76-mm gun, a 90-mm gun, and a 
120-mm gun, respectively. In addition to their 
main armament, these tanks also mount machine 
guns of caliber ,30 and .50. They carry a crew of 
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four or five men at speeds up to 30 miles per hour. ons for use against targets in the air, on land ur 

To transport troops accompanying tanks into sea, or under the surface of the ocean, 

action, the Army uses two armored personnel car* Naval armament has always presented a trenien. 
riers, the M59 and the M113— closed carriages on dous challenge to scientists und ordnance 

full tracks. Both are amphibious and capable of neers. Weapons must be launched from a r<>l|j ng 

carrying 1 1 equipped men in addition to their pitching platform against targets that are otten in' 

drivers. The Ml 13 is noteworthy because it is al- visible. Naval warfare has always demanded great 

most all aluminum, even to the armor plate, and accuracy and reliability in delivery of weapons 

can be transported by air and dropped by para- the target, because only a limited number o| 

chute. Its weight is 9Vi tons as contrasted to 21 weapons can be carried aboard ship and each one 

tons for the M59. The newer M116, only 3H tons, must be effective. Furthermore, each weapon 

is unarmored, all-aluminum, and carries 11 men. tern must be capable of a wide range of destructive 

For further information on amphibious vehicles force to meet the varying demands of cold. lim. 

employed by the U.S. Army, see Landinc 9Hips ited. or all-out war. Planes from a single aircr.ifi 

AND CRAFT. See also Armament, air; Arma- carrier might therefore attack with weapons rung. 

MENT. NAVAL; Missilf.. [f.d.mc.; H.C.T.] ing from only a few 20-mm cannon to a nombci ,,| 

nuclear bombs equivalent in explosive power to alt 
Armament, naval bombs dropped in World War II. 

A general term which covers most of the combat Maximum mobility and great flexibility in the 
equipment used in naval ships and naval aircraft. degree of destructive force delivered with extreme 

Naval armament includes a great variety of weap- precision are the chief characteristics sought in ,i|| 



Fig. 1. Ths O.S. Navy's Zunl 5-in. rocket is tbe prim four to a launcher, ore repdy to bo flrod fro" 1 on 01 

cipal naval aircraft rocket. The rockets shown, loaded craft wing. (Official U.S. Navy photograph) 


United Staten naval forces and their weapon 
terns* 

Weapon systems. Naval weapons are usually as- 
ambled into weapon systems, a term used to de- 
scribe a combination of device* which will detec t 
a target at sufficient distance to allow effective de- 
frnse or attack, distinguish friendly from non- 
friendly targets, locate the target accurately de 
liver a weapon containing the destructive force 
and control the weapon in its delivery accurately 
enough to ensure destruction of the target. ' 

The following are typical system components: 

1. Devices capable of searching for, locating 
and identifying the target. Radar, using electro- 
magnetic waves in air or free space, and sonar, 
using acoustic (sound) waves in water, are exam- 
ples of such devices. See Radar: Sonar. 

2. Launchers and handling equipment, such an 
gun mounts, missile launchers, and torpedo tubes 

3. A delivery vehicle, perhaps with propulsion! 
<urh as a missile air-frame with thrust motor. 

4. Control equipment consisting of computers to 
calculate the correct path of the weapon to inter- 
cept the target, and a means of transmitting con- 
trol or guidance information to the launcher or de- 
livery vehicle. 

5. The weapon iinelf, containing the destructive 
force, such as a gun projectile or a missile war- 
head. 

Atomic weapons in United States naval arma- 
ment usually do not comprise a separate svstem 
Instead, a nuclear capacity i* built into a system 
as an alternate choice of ammunition, allowing ei- 
ther high-explosive or nuclear application as the 
circumstances might require. 

The armament of the U.S. Navv may be consid- 
ered in three convenient categories: (1) air- 
launched armament. (2) surface-launched arma- 
ment, and (3) submarine-launched armament. 

Air-launched armament. Weapons launched 
from naval aircraft are carried internally to reduce 
drag, or are mounted externally on pylons or bomb 
racks. The weapons and associated equipment must 
withstand the shock of catapulting when the air- 
f rah takes off from a carrier deck and must absorb 
tnc strains of an arrested landing. 

Forward-firing machine guns with extrcnielv 
'm rates of fire such as the standard Mark 12 
^|-mm aircraft gun are usually mounted inside the 
*mg or fuselage. 

Rocket* are particularly attractive for aircraft 
inching because they have no recoil and can be 
rp from a simple lightweight tube which merely 



j 5-In. rockat with fins folded reody for 
,n 9 In launcher. (Official U.S . Navy photograph) 
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Fig. 3. Navy Sidewinder missile and pilot in a pres- 
sure suit. ( Officicl U.S. Navy photograph) 


points the rocket in the right direction. Rockets 
are not as accurate as guns, but they are extremely 
effective wh'n a number are fired together. Their 
light weight permits a large number to be car- 
ried, giving a single plane the striking force of 
several 5-in. gun salvos from the main battery of a 
destroyer. The principal United States naval air- 
craft rockets art the 5-in. diameter Zuni rocket and 
the 2.75-in. diameter folding-fin rocket. Folding fins 
which open out after the rocket is fired make it 
possible to mount many rockets close together in 
the launchers (Figs. 1 snd 2). $ee Rocket. 

Bombs of many sizes, both atomic and high ex- 
plosive, may be carried by naval aircraft. Those 
suspended from bomb racks under the wing or 
fuselage are streamlined and known as low-drag 
bombs. The most frequently used high-explosive 
bombs weigh 250. 500, 1000, and 2000 lb, and 
within each weight group, general-purpose, frag- 
mentation (antipersonnel), armor-piercing, and fire 
bombs are available. Depth bombs are carried by 
aircraft on antisubmarine missions. 

Guided missiles are fast replacing guns as weap- 
ons for air-to-air combat in naval aircraft. Side- 
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Fig. 4. A 5-In. 54-caliber gun shown on the USS 
Mitscher . (Official U.S. Navy photograph) 


winder (Fig. 3), an infrared or heat-seeking mis- 
sile. is a highly accurate and relatively inexpensive 
weapon which can home on and knock down high- 
speed, high-altitude aircraft and missiles. Sparrow 
is an all-weather air-to-air guided missile weighing 
about 380 lb and traveling faster than 1500 mph. 
See Guided missile:; Missile. 

Mines are carried by naval aircraft, and light- 
weight torpedoes that home on acoustic noise radi- 
ated by submarines are carried for use against sub- 
marines by helicopters and airships. Sonobiiovs are 
devices dropped from aircraft to locate subma- 
rines; they broadcast their information by radio 
back to the parent aircraft. .See Acoustic torpedo; 
So NOBUOY. 

Surface- launched armament. Although guided 
missiles for defense against attacking aircraft are 
rapidly being installed in the ships of the- fleet, 
guns will be a defense of many naval ships for 



Fig. 5. Three-Inch 70-caliber guns In twin mounts shown 
on the USS Norfolk. (Official U.S. Navy photograph ) 


some time; 90% of the U.S. Navy's guns still were 
to be in service in 1962. 

The 5-in. 38-caliber (that is, of 5-in. caliber or 
bore diameter, and .’18 calibers, or nearly 1(> ft j n 
length) gun of World War II is still generally j n 
service. It is an accurate and reliable double-p Ur . 
pose (antiaircraft and surface) gun. Since World 
War II, the 5-in. 54-caliber (Fig. 4), the 3-i n . $(). 
caliber, and the 3-in. 70-caliber (Fig. 5) rapid, 
firing, double-purpose guns have been installed in 
certain ships of the fleet. The main- battery weap- 
ons of light cruisers, heavy cruisers, and battle 
ships of the active and reserve fleets are still the 
6-, 8-, and 16-in. guns. 

Special-purpose ammunition is available f or 
these guns, such as armor- piercing in the heavier 
calibers, high-explosive for blast and antiperson. 



Fig. 6. Terrier missiles on a test louncber at sea. 
(Official U.S. Navy photograph) 


nel effect, and star-shell for illumination. 

Two surface-to-air guided missiles to cun- 
bat highly maneuverable attacking aircraft an* in 
service in the fleet: Terrier and Talos. 

Terrier (Fig. 6) is an all-weather misdlr de- 
signed to intercept enemy aircraft out to over te 
miles, h is guided by a radar beam, and propelled 
by a solid* fuel rocket motor. This 15-ft mi^ile 
weighing about m tons, is selected automatical!' 
from the ship's magazine and loaded on a launcher 
which is then automatically aimed and fired. 

Talos (Fig. 7) is a surface-to-air missile which 
can intercept enemy aircraft at over 65 mile* 
and at very high altitude*. It is powered by a ram 
jet engine, with a solid-propellant booster whuh 
falls away after bringing the missile tip to 
Talos can also be used against ship and land tar- 
gets, with high-explosive dr nuclear warheads. 

Another surface-to-air $ missile for use 
smaller ships such as destroyers is Tartar. T 
solid-propellant rocket, smaller than Terrier, is w 
tended to replace 5-in. god* in these ships. 

The newest weapon in this category is Typhon- 
It will utilize Tadar and high-speed computer* *«» 
intercept both aircraft and missiles at rang^ 
100 miles. Solid propellant is used. 
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Unguided rocket, .re used from surface ship. 
bombard beaches during amphibious landings and 
to attack submarines. Bombardment rockets tarry 
warheads with a destructive effeci similar to that 
of a 5-in. high-explosive gun projectile, and are 
launched in great numbers from ships specially de- 
signed for this purpose. Antisubmarine rockets 
such as Weapon A and Hedgehog (the latter is not 
strictly a rocket, but is classified as such ) enable 
antisubmarine ships to attack their targets at a 
distance while steaming toward them. See Anti- 

SUBMARINE WARFARE. 




7. To lot missiles ready fo launch for test at White 
Sands Proving Ground. ( Official U.S. Navy photograph) 


Torpedoes perhaps could lie called the original 
guided missile, since ihev have been used in all 
navies for years in various forms; all have the abil- 
t» travel underwater on a preset course, depth, 
and speed to intercept and destroy surface ships 
an d submarines. Modern United States naval tor- 
pHoes are extremely ingenious and powerful de- 
v,rfs * capable of traveling long distances at high 
Mwd. and carrying hundreds of pounds of high ex 
plosive in an extremely lethal warhead. Antisubma* 
nne torpedoes are capable of searching for their 
*argets in depth, homing on the noise produced by 
, submarine aa it attempts to escape, 
torpedoes can be .launched from ships as the 
Payload for a rocket- propelled weapon called 
'•^ROC (Fig. 8). The high-speed air delivery and 
n ° ls e homing feature of this weapon make it par- 
ularly deadly. 

r j^ ncs are launched by specially fitted ships 
r alled mine layers which can approach an enemy 



Pig- 8. USS Norfolk fires ASROC missile. ( Official 
U.S. Navy photograph ) 


coast at high speed during darkness, lay a mine- 
field. and retire. 

Submarine-launched armament. Torpedoes 
and mines traditionally have been the submarine's 
chief weapons of attack against surface ships and 
other submarines. The advent of the guided and 
ballistic misM.es has provided the submarine with 
an additional powerful weapon for offensive use 
against major land and ship targets. 

Regulus 1, which may be launched from a sub- 
marine on the surface or from surface ships such 
as cruisers, became operational in the U.S. Navy 
in 1954. and is an accurate, 500-mile attack missile. 
It resembles a swept-wing jet fighter, travels at 
high subsonic speed, and carries a nuclear warhead. 

Polaris (Fig. 9). a 1250-nautical-mile fleet bal- 
listic missile, is a solid-propellant missile which 
can be launched fr m submerged submarines. The 
missile is ejected (iom its launching tube by com- 
pressed air. and when clear of the water is pro- 
pelled by its two-stage motor until it reaches the 
correct point in space for a ballistic (unguided) 
trajectory to a nuclear detonation on the target. 
Future development will give the missile a range of 
about 2500 nautical miles. By combining the range 
of such missiles with that of the nuclear submarine, 
targets anywhere in the world can be considered 
within reach. 

The first fleet ballistic-missile weapon system 
became an operational reality on November 15, 
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I960, when the nuclear-powered submarine USS 
George IF ashington went on patrol with a full load 
of 16 Polaris missiles. 

Polaris submarines, unlikely to be destroyed by 
surprise attack, assure a retaliatory capability 
which is an effective deterrent to aggression by all- 
out war against the United States. See Ship, naval; 
Submarine. [r.w.mc.] 

Armature 

That part of an electric rotating machine which in- 
cludes the main current-carrying winding. The 
armature winding is the winding in which the emf 
produced by magnetic flux rotation is induced. In 
electric motors this emf is known as the counter- 
emf. 

On machines with commutators, the armature 
is normally the rotating member as shown in Fig. 1. 
On most ac machines the armature (Fig. 2) is the 
stationary member and is called the stator. The 
core of the armature is generally constructed of 


steel or soft iron to provide a good magnetic path. 
The core is usually laminated to reduce eddy cur- 
rents {see Core loss). The armature winding* 
are placed in slots on the surface of the core. On 
machines with commutators, the armature winding 
is connected to the commutator bars. On ac ma 



Fig. I. Dlrecteorranf generator or motor ormature 
(General Uectrk ) 





Fif. 2. Armature (or stator) of on ac induction motor. 
iAllitChalnwt ) 


chines with stationary armatures, the armature 
winding i» connected dirertlv to the line. See 
Commutator; Windings (electric. machinery!. 

[A.R.r..| 

Armature reaction 

The reaction of the magnetic field pr»wiu< ed b\ the 
armature rurrciit on the magnetic field prndwed 
by the field current. This produces a resultant dis- 
torted HiiX'density distribution in the air gap. Fig- 
ure 1 shows the magnetic field produced in the 
dir gap of a two-pole dr motor or generator h\ 
Kil the main-field magnetomotive force tnimfl. 

< 6 1 armature mmf, and tr) both armature and 
mainfield mrnf respectively. Figure 2 *h«iw«. the 
distorted flux distribution in the air gap. Curves 
a,6 and r corresjwmd to the above three ca«-e-. Due 
to the saturation of the armature teeth, the flux 
density is decreased by a greater amount under pole 
tip e than it is increased under pole tip /, and 
therefore the cross-magnetizing armature reaction 
produces a demagnetizing effect and the generated 
voltage or counter-emf will be dropped when the 
armature is loaded. In a generator this degrades 
the voltage regulation. In a motor it tends to in- 
rr «*ase the speed and may cause instability. 

For machines subject to heavy overloads, rapidly 
changing loads, or operation with a weak main 
W. the resultant flux-distribution distortion by 
excessive cross-magnetizing armature reaction will 
. Muse nonuniform distribution of voltage between 



l0 > (b> 

^ognaHe flaldt In air gap of two-pola mo- 
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commutator segments and may reault in flashover 
'-wen commutator segments. A pole-face (or 
:rT—«) windi "«> "nbedded in slot* in the 
i I i a * e ’ Hnd eXf ; ,le<1 by armature current, is pro- 

under the hS ““ effec ‘ 

In polyphase synchronous machines, balanced 
polyphase loa<l current flowing in the armature 
pr " du,es a revolving mmf. This mmf ro- 
m . a ‘ “ T*? * revoiutions per minute) equal to 

.f T ' he l,ne frequency (cycles per second) 
d iv ided by the number of poles. 

11m- is exactly the speed of the rotating field 
° ^nce the minf of armature reaction reacts 
With the mmf of the field winding to produce a die- 
torted resultant magnetic field. The angle of the 
armature reaction mmf with respect to the pole 
axis depends upon the power factor and kva of the 
load I hat component of armature reaction mmf 
which acts along the pole axis is known as direct- 
axis armature reaction and has a direct magnetiz- 



Fig. 2. Distorted flux distribution in air gap. 


ing or demagnetizing effect. That component lo- 
lled at right . rides to the pole axis is known as 
quadrature-axis u mature reaction. It is analogous 
to the armature reaction effect in modern dc ma- 
chines. Sec r.I.FXTRlC ROTATING MACHINERY. 

[A.R.E.] 


Army worm 

A species of moth. CArphis unipuneta , named from 
the habit of the caterpillars of migrating in vast 
numbers. The army worm is highly destructive, es- 



Arm> Worm 

Tha ormy worm, Cirphis unipunefo; winqspraod U4 In. 
(From E. 1. Po/mar, F'mldbook of Natural History, Mc- 
Graw-Hill, 1949) 


penally to wheat and corn. When army worms ap- 
pear. prompt and drastic action is necessary, be- 
cause if unchecked, they will destroy crops over 
wide area*. They hibernate during the wtnter m 
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the soil as parity grown caterpillars and mature in 
the spring. There are two broods during the year. 
Migration is brought on by a shortage of food 
where they started development. 

The adult army-worm moth is brownish- gray, with 
a white spot on the middle of each front wing. Its 
spread measurement is about l 1 !* in. The cater- 
pillars are greenish, with a dark stripe on each side 
and a broad dark stripe down the middle of the 
back through which runs a broken white stripe. 
When mature, they are about Pi* in. long. .See 
G.tTKNru.i.tH; LmnorTKKA : Moth. |j.d.b. | 

Aromatic 

A term which relates to those organic compound* 
that have the basic structure of benzene. In contrast 
with aliphatic compound*, which consist of open 
chains of carbon (with attached hvdrogen or other 
atoms), the aromatic compounds have one «»r more 
rings of six carbons. Substitution of groups of 
atoms for one or more hydrogens on the ba*ic 
benzene ring give* phenol*, amines, acid*, and 
other derivative*. Although aromatic compounds 
posses three double bond* per ring. the\ do not 
*how the usual test* for un*aluratioii. and their -la- 
bility results from a resonating electron -I Picture. 
The uniformity of the re*ulting “hybrid” bond* i- 
-hown by the existence of only one niono*uh*tifuted 
and three di«uhstitiitcd i*orner* of a derivative. 
Aroma ti* compound* owe their name to fhmr orig- 
inal derivation from fragrant natural compound-. 
See \ROM\Tir inn roc arron ; K**i.\riAi on s. 

f * * -it. i 

Aromatic hydrocarbon 

A member of a class of hydrocarbon- with chemi- 
cal properties similar to those of benzene. Hi-tovi- 
cally, the name aromatic ato*e from the fact that 
some of the first compound- of the aromatic *«*rie* 
to be discovered either po*-e— ed a pungent od«»r 
or were derive*! from odoriferous material-. Sev- 
eral important aromatic hydrocarbon* are ben- 
zene. naphthalene, toluene. *t\rene. biphenvi. and 
anthracene. 

Aromatic character. Certain of tlm proper! ie- 

of benzene and it* derivative- are regarded as 
typical, and am compound which po*-c-*cs most 
of the*e characteristics is said to have aromatic 
character. 

Diminished unsaturation. F.ven prior to the in- 
vention of structural formulas, it haft been ob- 
served that a low hvdrogen-rarlion ratio wa* 
characteristic of compound* which read rapidly 
by addition. -For example, acetylene, C^Ho, react* 
almost instantaneously with bromine yielding ad- 
ditional product**, Eq. (1). Although under *»pe- 

HCmCH + 2Br, CHBr,- CIIBr, (1) 

cial condition* benzene can be made to yield ad- 
dition products, at room temperature and in the 
absence of a c atalyst the reaction with bromine is 
quite alow and proceeds by substitution rather 


than by addition . Eq. (2). Sulfuric acid, which 
adds to alkenes, or olefins, at room teinpeiahm> 
reacts slowly with benzene on heating to jrj V( . ' 
substitution product. 

+ Hr, > tyijllr + HHr r?) 

East' of formation . Benzene and its derival i\,.„ 
are easily formed from a variety of nonnroinuth 
compounds. Acetylene, when passed through .» |, ()t 
tube, yields benzene. Eq. (d) ; under irnn ii i!, t . 

3HC-"C11 C f M (; > f) 

-ame condition* even methane yield* some | )t .„ 
zene. The ac tion of plu»*phoru* pentoxide on ,. iJIn 
phor give* wiiene. Eq. (1». while the delmlm 



genatlou oi cxc bthexam* bv mean- of 
palladium, -ulfur. m selenium i<‘*ull- in H«. 
formation of beu/ene. Eq. c.*»i. The peculiai »i.i 


Vl 

last 


jj + w 


bilitv of the Mviricmheied ring i- -cm in t ! j» 
dehvdrogeiialicui ot cvclooctanc bv the action •• 
selenium to \icld pwlenc. Eq. <hi 


oil. 



rib, 


Stability of the nur/eiis. Another ch.iiac Icibl'- 
of benzene derivative* i* *tabilit\ ol the hen/ciu’ 
nucleus. Wherea* alkenea and alkyne- react even 
at O'C with alkaline solutions of potassium |»«i 
rnangauate, an oxidizing agent, benzene i- 
attac ked at HtfFC. 

In addition to its resfctnncc to oxidation. da 
benzene ring possesses good thermal stubilit' an< 
shows little tendency t<i rearrange during 
lion. 

Modification of attached groups. Some group" 
when attaches! to a beniene nucleus undergo re 
action* which are different from those observe* 
when the groups are attached to an alkane e lain- 
One siieh group is the hydroxyl. - OH. The 
phatic alcohols, with a hydroxyl replacing a 
drogen atom of an alkane, are very weak «< 



even lc*** widic than water. The phenols, having 
a hydroxyl group attached to an aromatic ring, are 
Mifliiiently acidic to dissolve in sodium hydroxide 
solution with the formation of a salt, Kq. (7). 

CfHftOli 4" NaOH f^lljONa -j- H/i ( 7 ) 
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bond distance for a single bond (ethane) is 
l.« r )4 A. while for a double bond (ethylene), it is 
only 1.34 A. All this evidence indicates conclu- 
sively that all six bonds of benzene are alike and 
that all are intermediate in nature between dou- 
ble and single bonds. 


The amino group, - NH-j, when attached to the 
benzene ring is less basic than ammonia or ali- 
phatic amines although it is still sufficiently basic 
to form salts with dilute mineia! acids, Kq. (8). 

+ HCI — *<yi fc MU-l (ft) 

These satts, when treated with nitrous arid at 
0 ,) ( behave quite differcutlv from those of ali- 
phatic amines. Instead of the immediate liberation 
of nitrogen, a dia/nnium *alt is formed. Kq. r9i. 

C,H»Ml./<:i“ + HONO— + )U> (9) 

(Inin pounds in whieh a halogen atom i* hound 
diier'tlv to an utoinatic ling are. in llie absence of 
; u mating groups. almost inert to the ai lion of 
boiling aqueous alkali. I'ndei tlit* same conditions 
m ,»s| alkvt halides \irld alcohols and alkem-s. 

limzrnr problem. >im e ben/ene i- the most im- 
{ll .i ta ut .nought . iifiipound. and sin.-e the whole 
ril iiccpt «»f aromatic character ha- been developed 
,n terms of benzene and it* derivative*, ben/ene 
|, iV | )rrn tin* foe u- of attention for r\rnone in* 
tei«'-tr*<| m the chrrni*lrv of aromatic compound-. 
In I 869. K. A. Kekule made hi- • la--i» proposal 


Resonance. An explanation for the hybrid na- 
ture of the carbon-carbon bonds of benzene can 
he found in the concept of resonance. A covalent 
single bond is formed by the sharing of a single 
pair of electrons between adjacent atoms while 
the double bond involves the sharing of two pairs 
of eln irons. Formulas (I) and (II) for benzene, 
as propn-ed by Kekule, differ from each other 
onlv in the arrangement of the electrons; lfe»rc is 
no difference in the arrangement of the atoms. 
According to the resonance theory, the larger the 
number of alternative arrangements of the elec- 
tron-. the gi eater the stability of the molecule, 
'since benzene is a resonance hybrid of formulas 
(l i and (If! plus three other less important 
form-, th#* stability of benzene is easy to under- 
stand. Tlii- -tdbilizat ion is shown by the measure- 
ment- «*f the heat- of hxdrogenation of some 
hxdiocdriions ((i. B. Ki-tiakowsky. 1936): al- 
though the hydrogenation of alkenes i* usually 
exothermic (28-33 kcal / mole). the hydrogenation 
■ if ben/ene to \ield cyclohexadiene-1.3 is slightly 
endothermic. Kq. (10i. because re-onanre energy 

-f IK -f 3.6 kcai U ( l) 


that the -i\ carbon atom- of hcn/cnc were ar- 
ranged in a hexagon <Ii with ■» liv«hogen at- 
ui. hed \n each < arbon. In order t«» meet objec- 
tion* whiih were offered concerning the failure to 
i -oldie two different ortho derivative- illil and 
i|\ ». Kekule extended hi* theorv * 1H72 i to pr • 
tide {nr a dxnainic equilibrium between ‘It and 
.11) More tioiible-onie wa* the problem of the 
three double bonds used to account h*r the fourth 
valence of each of the *iv carbon atonic. The 
double bond, as it appear* in nniiarmiuh* organic 
t (impounds, signifies un-aturation and might lead 
one to think that the characteristic mode id ira.- 
thin for benzene is addition rather than -ub-litu 
tir»n. Only comparatively recently ha* the dim > * 
bond prohlem been resolved. From vr.iv am 
electron diffraction studies, a* well a* from in- 
stigation* «f the Raman and infrared spectra, 
it is now clear that the six carbon atoms of h » 
zene lie in a plane and are arranged in a regu ar 
hexagon, the carhon-carbon lw»nd distam r >* mg 
1.39 A. By measurements made on other com- 
pounds. it has been found that the carbnn-i ar *on 



(!) 


(Ill) ( ,V) 


ln-t in the reaction. Bv this method, as well as 
calculations ha*ed upon heats of combustion, i* 

. been -how n that the ic-onancc energv of ben* 
nr i- 33 39 krai mole. See Rkson \ncf ( MOl.KC- 

VK 'I 111 * ' ■ Rh 1 • 

Setter th . Molecular orbital theory gives a 

iciure of the benzene molecule in which each car- 
i % . i ■ effect, -ingtv homleil (sharing one pair 
[ eleetron-l with both adjacent carbon atom- a« 
,.|| a> with the hvdrogen. This leave- six elec- 
on- for which the region- of highc-l probability 
e in two doughnut-shaped region- ahme and be- 
ne hut paiJlel t» the plane of the benzene ring, 
rout the nature of the orbital involved, the-e six 
lections are referred to as r electrons. 

Nonbenzenoid aromatic systems. Since ben- 

enc can he thought of as representing a cyclic 
onjugated system of alternating double and sin- 
1,. bond-, the question was naturallv raised as to 
ether a four-carbon or an eight-carbon cyclic 
v-tem of alternating double and single bonds 
voiild prove as aromatic as that w-ith six. Although 
•vclolmtadiene (VI has not yet been synthesized. 
|,e failure to obtain it from ihe dehydrogenation 
„ cvclohutane. C,H>. would certainly indicate the 
lack of significant resonance energy in the cycl.v 
itadienc svstem. Cyclooctatetraene (VU. 

1„ he synthesized from acetylene, behaves like a 
cvcloalkene with four double bonds. It reacts by 


(») 
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CH-CH 
0 II (V) 
CH— CH 


r.H-CH v 
hc' x ai 

I I (VI) 

HC XII 


\h- 


-Clf 


addition rather than substitution and has a reso- 
nance energy of less than 4.8 kcal/mole, com- 
pared with 35-39 kcal/mole for benxene. It is 
known that cyclooctatetraene is nonplanar, and 
it is believed that the lack of planarity inhib- 
its resonance. From molecular orbital theory. 
E. Hiickel (1936) derived the rule that completely 
conjugated planar cyclic systems having (4 n + 2) 
r electrons would have substantia] resonance 
energy. Thus the electron sextet of benzene is 
merely the simplest example (n « 1) of a series 
of aromatic systems. 

Franz Sondheivner has recently (1959-1960) syn- 
thesized cyclotetradecaheptaene (n * 3) and cy- 
clooctadecanonaene (a » 4). He found that the 
nonplanar Cm system is much less stable than the 
planar, or nearly planar. Cis system. The C\h sys- 
tem (n * 4) is more stable than linear analogs, 
but it does not show the stability characteristic of 
benzene and its derivatives. 

Aromatic ions* In addition to uncharged cyclic 
systems having an electron sextet, there exist 
aromatic systems which are aromatic only because 
of the gain or loss of an electron. The cyclopen- 
tadienyl ion (VU) is an example of an aromatic 
negative ion. The circle in the middle of the 
formula implies a sextet of it electrons and the 
minus sign in the circle indicates that there ia an 
unlocalized negative charge on the system. The 
inherent stability of the system is seen in ferro- 
cene (VIII), in which a ferrous ion is combined 
with two cyclopentadienyl ions. Although cyclo- 
pentadiene (IX) undergoes addition reactions 
very readily, ferrocene is much less reactive and 
reacts by substitution rather than addition. 

The cycioheptatrienylium ion (X) is stabilized 
by an electron sextet made possible by the re- 
moval of an electron from the system. Tropone 
(XI) must be a resonance hybrid to which the 
dipolar ion (XII) makes an important contribu- 
tion, for it shows little carbonyl activity. See Fer- 
rocene. 



(DC) (X) 


(XI) (XII) 


Polycyclic systems* Benzologs of benzene are 
usually classed as aromatic hydrocarbons regard, 
less of their mode of reaction. Examples of 
zologs are naphthalene (XIII), anthracene (XIV) 
and phenanthrene (XV). With increasing num' 
bars of fused rings, there is an increasing tend- 
ency for addition rather than substitution to occur 
This is particularly true if the fused rings are 
arranged in a linear fashion as in anthracene 
(XIV), but both anthracene and phenanthrene will 
add 1 mole of bromine at room temperature. 

Double bonds . Although polycyclic benzenoid 
hydrocarbons are usually indicated as having dou- 
ble bonds (X11I-XV), actual double bonds arc 
no more present in polycyclic hydrocarbons than 
they are in benzene. Certain advantages arise 
from the use of the double-bond notation provided 
the bonds are drawn as specified by Fries’ rule. 
According to this rule, double bonds should he 
drawn so that there is a maximum number of 
benzenoid rings (three conjugated double bonds). 
Note that this can be done so that all rings are 
benzenoid in naphthalene (XIII) and phenan- 



threne (XV), but it is impossible with anthrarrne 
(XIV) where one of the terminal ring** mu*t he 
drawn without the full qlThta of three double 
bonds. These formulas usually make it possible 
to predict those peripheral bonds which have 
highest “double-bond character'' and in this wav 
provide a key to the prediction of the course of a 
number of reactions. For instance, if an allvloxv 
group were at position 2 of naphthalene (XI II). 
it is reasonably certain that the ally! group would 
rearrange, on heating, to position 1 rather than 
position 3. In the same way. if a hydroxyl group 
were at position 2 in phenanthrene (XV), diazo 
coupling would be effected at position 1 rather 
than position 3. Several other types of reaction? 
can be predicted similarly. 

AzutoftO* The only nonbenzenoid polycyclic 
aromatic hydrocarbon of any importance is azu* 
lene (XVI). Most of the azulenes known were 



prepared by dehydrogenation of a reduced azu- 
lene over a platinum or palladium catalyst. Ar- 
lene, like naphthalene, has lo ir electrons, but the 
resonance energy is only 46 kcal/mole as com- 
pared with 77 kcal/mole for naphthalene. Being 



lens stable, azulene may be iftomerized to naphtha- 
lene under suitable conditions. 

Molecular compounds. Aromatic hydrocarbons, 
and particularly polycyclic aromatic hydrocar- 
bona, have the ability to form stable molecular 
complexes with some polynitro compounds. Some 
of these molecular complexes have proved of 
value in the isolation and identification of aro- 
matic derivatives. Among the most useful nitro 
compounds for this purpose are picric acid, tri- 
nitiobenzene, and trinitrofluorenone. .See Anthra- 
cene; Benzene; Naphthalene; Piiknanthkene; 
Polynuclear hydrocarbon. f c-.k.b. ) 

Bibliography : G. M. Badger, The Structures 
and Reactions of the Aromatic Compounds , 1954. 

Aromatization 

The conversion of any nonaromatic hydrocarbon 
vtructures. especially those found in petroleum, to 
aromatic hydrocarbons. There are numerous routes 
and means to accomplish this transformation, the 
Amplest and most important of which are exem- 
plified below: 

Direct dehydrogenation of naphthenes to aro- 
matics: 


H, 

r 

✓ \ 


HjC 

I 

h 3 c 


CH. 

I 

CH* 


+ 311, (1) 


C 

H* 

Cyclohexane Benzene Hydrogen 

Dehydroisomerization of naphthenes to aro- 
matics : 

H CH, 

\ x 

c 

H*C ^CH, 

hJ: chi -* u 

Methylcydopentane Benzene Hydrogen 
Dehydrocyclization of aliphatirs to aromatics: 

HiC—CH, — CH i — CHt — CH, — CH, — CH, — 

rt-Heptane 


+ 3H, 


+ 4H, (3) 

Toluene Hydrogen 

High-temperature condensation of hydrocarbons 
lo aromatics: 

3C »H. |^J| + 3CH« + 3H* (4) 

Propane Benzene Methane Hydrogen 

Action (1) was performed on a huge scale by 
* petroleum industry during World War II for 
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methv r |° < 1 U ri 0n ° f toluene for TNT > starting from 
Tn m r CyC ° he * anC "* Uti,izin « molybdenum oxide 
Xkel r ° U " act,vated «r mixed tungsten- 

f3( * 8u,fid ? 8 88 catalysts. At that time, reaction 
invp'.ii **! 7 mg c ^ rom * a on alumina catalysts, was 
ble commercially " 8 VCly bUt f ° Und im P r “ ctic *‘ 
Begmning in 1948 , reforming of naphthas with 

TSvrr ™* 9mal1 amounts ° f on 

an a< idified alumina support has provided a means 
o aromatization that has rapidly displaced the ear- 
Her processes, since it accomplishes reactions (1), 

’ an readily and simultaneously. It is now 
a major process for making benzene, toluene, and 
ottier aromatics from petroleum sources. 

Reaction 14) merely illustrates one type of rear- 

‘“ at L ,ay °? CUr in the high-temperature (600- 
H00 ( ) jherma cracking of petroleum fractions. 
'^ ma hydrocarbons from the cracking of heavier 
components, as well as any originally present, may 
condense to aromatics, usually with considerable 
splitting to methane as well as hydrogen. Thermal 
cracking processes emphasizing this type of reac- 
tion have -hieved only limited and occasional use 
in the petroleum industry. See Petroleum proc- 

ESS,NC - [ B.S.C.] 

bibliography: B. T. Brooks et al. (eds.), The 
Chemistry of Petroleum Hydrocarbons , vol. 2. 1955. 

Arrowroot starch 

A product derived from different plant species. 
Rhizomes I underground stems) of Maranta arundi • 
naceae in the arrowroot family (Marantaceae) of 
tropical America supply the West Indian arrow- 
root. Florida arrowroot is the flour made from the 
rhizomes of the cycad, Zamia fioridana, the Semi- 



lamia fioridana. ft. H. Bailor, Tho Standard Cyclopo- 
dia of Horticulture, vol. 3, Macmillan, 193 7) 
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nole bread plant. Queensland arrowroot is obtained 
from the edible rhizomes of C.anna edulis . The tu- 
bers of Curcuma angustifolia in the ginger family 
(Zingiheraceae) yield the East Indian arrowroot. 
Arrowroot starch is of no importance in the indus- 
tries, but because it is very easily digested, it is 
valued highly as a food for infants and invalids. See 
SciTAMINALES. | 

Arsenate 

A negative ion having the formula As0 4 3 . Arse- 
nates are derived from orthoarsenic acid. HsAsO*. 
Arsenates are quite similar to the phosphates be- 
cause the term arsenates also includes meta-arse- 
nates and pvroarsenates as well as three series of 
salts from orthoarsenic acid. 

The various arsenates are also very similar to 
the phosphates in their solubilities and crystal 
form. The alkali metal salts are the only soluble 
tertiary ortho-arsenates. Lead and calcium tertiary 
salts, PbafAsOiU and Ca : *( AsO.*)** are among 
those arsenates used in insecticides, all of which 
are poisonous to man. 

Because of their similarities, it is difficult to 
distinguish between the P(V~ and As0 4 *- ion. 
However, silver nitrate gives a chocolate-brown 
precipitate. Ag^AsO». with arsenate, whereas the 
corresponding phosphate is yellow. .See Arsenic; 
Arsenite (chemical); Phosphate. [k.e.wh.I 

Arsenic 

A chemical element. As, atomic number 33. and 
atomic weight 74.92. The principal uses of the 
free element are in the form of alloys with lead, 
copper, and other metals. As a 0.2 c /r alloy with 
lead, it aids in obtaining perfectly spherical lead 
shot as well as increasing the hardness of the 
metal. Arsenic trioxide (AsoOa) is the most com- 



mon compound of arsenic and is commercially 
known as white arsenic. In the United States it is 
produced as a by-product of copper and lead smelt- 
ing and in the recovery of gold and silver. No 
production of elemental arsenic has been reported 
in recent years in the United States. White arsenic 
is used principally for the manufacture of calcium 
and lead arsenate insecticides; recent develop- 
ment of competing organic insecticides has re- 
duced this demand. White arsenic is also used in 
the manufacture of wood preservatives, lead-shot 
glass, mordants for dyeing, and herbicides. Paris 


green, CusfCaHaOa) AsO*, and Scheele*s green 
CuHAsOa, were at one time important as paint pj K . 
ments. A number of organoarsenic compounds arr 
used in medicine. An example is Salvarsan ( urse . 

phenamine ) , 3,3'-diamino-4,4'-dihydroxyar8enohen. 

zene. which was discovered by Paul Ehrlich in J909 
to be useful for the treatment of syphilis. 

Occurrence. Arsenic is found widely distributed 
in nature, having an abundance of S X 10 A <)\ j n 
igneous rocks and the crust of the earth. It ocm rs 
in small quantities as the free element, hut mairib 
in the form of its compounds. Minerals containing 
arsenic are arsenopyrite, FeAsS; orpinient. AswS ■ 
realgar, As 4 S 4 ; claudetite, AasOa; cobalt ite. 
CoAsS; and other arsenides such as FeA* 2 , G»Av. 
and NiAs. It is a common impurity in pig iron and 
commercial zinc. 

Preparation. The free element is obtained bv the 
reduction of its oxide with carbon 

A»«()» + 6C - A - As, + 6CO 

or by heating the sulfide in air to form the oxidf 
with subsequent carbon reduction to the free p|e 
ment. The conversion of the sulfide to the oxide i* 
called roasting and the reaction can be shown d< 

AsjSft 4- 90f As 4 0§ f hS( 

Another method which has applic ation to ar«*pn»> 
pyrite is to heat the mineral in the absence of air 
the free arsenic sublimes according to the remlmn 

4FeAsS IFeS 4 - As 4 

Allotropic forms. Elementary arsenic on ur- m 
three allotropic modifications. Thev are the \H!on 
(nr I, black ip). and the metallic or grav t 
forms. The most stable at room temperature i- th* 
gray form. It is definitely metallic in pmpcitic- 
having a specific conductivity at ()*(! of 2.5t> * He 
mhos /cm, which is about one-half that for Ic.ci 
It sublimes at 610°C. has a melting point of 81 . 
under a pressure of % atm, and has a densitx ft 
5.7 g/cm\ In the vapor state up to B00°C, it “in- 
sists of As, molecules having a tetrahedral *tnii- 
ture. Above 8O0 a C, it begins to decompose into A«. 
molecules, and still higher, it is monatomic. 

The sudden cooling of arsenic vapor into liquid 
carbon disulfide gives the yellow allotropic mo » 
fication. It has a density of 3.9 g 'em 3 and a inolc* u 
lar weight corresponding to tetrahedral mn * 
cities. The yellow form qan be converted into Hu- 
gray form by heating. The conversion is cam Wf 
bv light. iodine, bromine v and other suhstan«e*. 

The black modification^ of arsenic is not as 1 **■» 
characterized as the yellc^v or gray forms. It 
tained by the thermal $leeom position of *j >,n ‘ 
Aalla, as in the Marsh tfcst. The density of M' 

arsenic is 4.7 g /cm 8 . Its tiolecular configurator 
tot definitely known, but It is probably tetrn e 

Chemical properties* Free arsenic is a f**r\ , 
active element. When heated in air to about ^ 

it exhibits a definite phosphorescence. f \ 

higher temperatures, 400°C, it burns wit a 



colored flame to form a white smoke of ar- 
^nif’(ni) oxide, Ah* 0 6 . The free element com- 
bines readily with fluorine and chlorine and, when 
heated, with most metals und nonmetak It is in- 
soluble in water but is oxidized to arsenic acid, 
H:,AhC> 4, by dilute nitric or sulfuric acids. It dis’ 
solves in strong bases to form metal arsenates. 

Two stable oxides of arsenic are known, ar- 
senic (111 I oxide and arsenic (V ) oxide. 

Arsenic (III) oxide exists in two allotropic modi- 
fication*, the most common being the monoclinic 
form. It i* stable from — 13°C to the melting point 
of 315°C. Although the simplest formula is As 2 0,. 
ftom molecular weight determinations, the for- 
mula of the compound corresponds to the dimer. 
\ M 0n. Above 800 °C some dissociation into A*/). 
molecules takes place: dissociation is essentially 
complete at 1800°C. The oxide is extrernch poi- 
vinous; for man. 0.1 g is considered to be a lethal 
dose. The oxide i* soluble in water to a concentra- 
tion of about 2'v bv weight. The restilting volution 
\i onlv weakly acidic, indicating that arsenious 
.n id is a weak acid. The free acid has never been 
isolated, but the oxide will dissolve in hasps to 
form ar^enitev. The alkali metal arsenites are solu- 
ble in water, the alkaline-earth metal salts are less 
soluble, and heavv metal salts are insolu- 

Me. Air or iodine readily oxidize arsenites to ar- 
senates. .See Ahnenat*. 

The higher oxide of arsenic, arsenic! Vi oxide. 
i> prepared b\ treating arsenic! lilt oxide with 
nitric acid and subsequently dehydrating the re- 
sulting hxdrated arsenic acid. The molecular struc- 
ture of the compound is uncertain, but if prohahlv 
has the dimeric formula, As,0 ; ,.. It is \er\ soluble 
in water, forming orthoarsenic ai id hvdrate. 
H \sO,*^jH^O. This acid is stronger than arseni- 
oiis acid, having a first dissociation constant of 
Vv lo \ The acid reacts with bases to form ar- 
^nates. 'The insoluble lead arsenates. PktAsO*!* 
and PhHAftOj, are useful as insecticides. All of 
thp metal ai senates are highly poisonous. 

Arsenic combines readilv with the halogens to 
form compounds containing trbalent arsenic and, 
in the case of fluorine. penta%a1ent arsenic. Ar- 
-enic ( If 1 ) fluoride and chloride are liquids, 
whereas the bromide and iodide are solids. They 
all react with water as illustrated with arsenic! Ill I 
chloride. 

A«C1» + 3H 2 0 -> HjAsOs -f 3H* 4 3C1 

However, the reaction is reversible if the concen- 
tration of the hydrochloric acid becomes great 
^wigh. The trivalent arsenic halides arc used for 
Nogenating organic compounds. 

Arsenic(V) Ruoridcv is a colorless gas at room 
temperature; it has a boiling point of -58.2°C. 

Arsenic forma a compound with hydrogen called 
ars * I *e, A*H 3 . This compound is a colorless, highly 
Naonou* gag characterized by an unpleasant odor. 
Arsine is prepared bv the hydrolysis of metal arse- 
n,d< * such at Na*As. AlAa, or Zn 3 A» a . Another 
mp thnd 0 f preparation is the reduction of ar- 
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senic(IH) oxide with zinc in hydrochloric acid. 

Arsine is only slightly soluble in water, because 
unlike ammonia, it has little tendency to accept a 
proton to form the AsH,+ ion. It reacts readily 
with the halogens, with most metals at elevated 
temperatures, and with oxygen. 

At one time, wallpaper paint pigments contained 
•Vheele s green, CuHAsOj. However, it was found 
that in damp places, the growth of molds produced 
ftmall amounts of toxic arsine and trimethyl arsine, 

( t-H ^ ) jAs. Such pigments are no longer used. 

Analytical methods. To detect small quantities 
of arsenic, the Marsh test is employed. The arsenic- 
containing substance is mixed with granulated zinc, 
and dilute sulfuric acid is added to the mixture. 
The zinc reacts immediately with the acid to liber- 
ate hydrogen, which then reduces the arsenic to 
gaseous arsine. The hydrogen-arsine mixture is 
thermally decomposed in a hot glass tube, giving a 
mirror of free arsenic. Arsine can also be detected 
in the gas mixture by its reducing action with sil- 
ver nitrate or mercury (II) chloride (Gutzeit te*t). 
There are also the Ficitmann and Reinish tests 
for thiv element or its compounds. 

Arsenic can he determined gravimetrically by 
precipitation and weighing as arsenic fill) sulfide, 
arsenic ( V ) sulfide, or magnesium pyroarsenate. 
.See Antimony: Bismuth; Phosphorus, [w.w.we.] 

Arsenite (chemical) 

A negative ion having the formula AsOa 3 ‘. Arse- 
nitev are derived from arsenious acid. Arsenious 
acid iv the name given to aqueous solutions of 
As 0 <. although the pure acid has never been iso- 
lated. These solutions are weakly acidic and can 
be neutralized by bases to give a variety of ortho* 
and meta-ars^nites. 

Paris green GtiofCoHaOo) (AsOn'I. is used as an 
insecticide ant Scheele’s green. CuHAsO;*, is used 
a« a pigment. See Arsenate; Arsenic, [e.e.wr.] 

Arsenolite 

A mineral having composition AS 2 O 3 and crystal- 
lizing in the isometric system. Arsenolite forms 
small octahedral crvstals but also is in botryoidal 
and stalactite aggregates. There is octahedral 
cleavage. The hardness is 1.5 (Mohs scale) and the 
specific gravity is 3.87. The luster is vitreous to 
silk v and the color white, occasionally tinged with 
blue, yellow, or red. t he mineral is slightly soluble 
in water and has a sweetish taste. Arsenolite is a 
secondary mineral formed by the oxidation of ar- 
senic minerals such as native arsenic, arsenopyrite, 
enargite. and tennantite. See Arsenic; Arsenopy- 
ritf. ; Enargite. [cs.hu.] 

Arsenopyrite 

A mineral having composition FeAsS. Although 
arsenopyrite crystallizes in the monoclinic system, 
the crystals have pseudoorthorhombic symmetry 
because of twinning. The hardness is 5.5-6 (Mohs 
scale) and the specific gravity is 6.0. The luster is 
metallic and the color silver-white. Arsenopyrite 
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is the most common arsenic-bearing mineral. It is 
associated with ores of tin, tungsten, and gold 
formed at high temperatures and to a lesser extent 
is found in cobalt-nickel veins formed at lower 
temperatures. It is a widespread mineral found 
abundantly at many localities, notably at Freiberg, 
Germany; Cornwall. England; and Cobalt and 
Dolero, Ontario, Canada. It is associated with the 
gold ores at Lead. South Dakota. See Arsenic. 

| c.s.ur. | 

Art, science in 

Developments in art through the centuries have 
paralleled those in science. There are those who 
claim that twentieth century science has progres- 
sively strangled and submerged the arts. No belief 
could be more false. Today, as throughout history, 
art and science have a common ground for develop- 
ment, and science is at once a stimulating influence 
and a practical aid to sensitive artists. 

The sciences, far from submerging the arts, have 
substantially contributed to artistic advancement. 
Creative men who have been both scientist and 
artist include Lucretius, DaVinci. Dante, and 
Goethe. These men, together with hosts of others 
whose scientific minds and logical thinking pro- 
duced masterworks of art in various fields, in- 
fluenced their peers as well as creative men of 
following generations. 

New theories and concepts of both science and 
art emerge from the dissatisfaction of imaginative 
and creative men who challenge the status quo. 
Copernicus and others who questioned the idea of 
an earth-centered celestial order developed the idea 
of a heliocentric solar system. Scientists of the 
seventeenth and eighteenth centuries in turn l>c- 
came dissatisfied with Copernican dictum* 'and 
disputed the data on movement^ arrangement, and 
detail of the solar system. Continuing inquiry 
into the truth about the universe increases our 
understanding while constantly changing scientific 
thinking. Nothing will be static in science as long 
as men with curiosity think with open, inquiring 
minds about problems of science. 

It is challenging and rewarding to make a study 
of scientific influence on the arts. Informed observa- 
tion reveals that the best writers and painters of 
all ages have successfully appreciated the implica- 
tions of scientific thinking and have absorbed the 
concepts into their own work. 

Italian painters of the sixteenth century were 
dissatisfied with the flat surfaces and lifeless 
figures in the canvases of thirteenth century paint- 
ers. The sixteenth century, therefore, produced 
ilhifrionistic art painted by men who drew on the 
science of optics to give space, depth, and realism 
to their works. These Italian Renaissance canvases, 
however, have been criticized in many countries and 
through several centuries by later artists who have 
continued to create new and vital painting styles 
reflecting their times. 

The art galleries of the world contain thousands 
of objects that clearly indicate the precise and 


stimulating influence of science on art. There j s 
concrete evidence of an understanding of rherni-tr\ 
physics, and optics in the pigmentation, form, and 
perspective of art. Subject matter, too, offers rnain . 
festation of the artist's awareness of scientific 
cepts and philosophies. 

Without Freud's theory that memory is nn,. r 
completely lost and that childhood experiences rf .. 
main in the mind of the adult, Salvador Dali could 
not have painted “The Persistence of Memory” j n 
which time has stopped and the past is pi,. M . nt 
Without science's search for the absolute, *. U c}i 
canvases as those by Piet Mondrian and hi* ml* 
leagues might never have been created. Without 
the splitting of the atom and the traceries of tf lf . 
cloud chambers mankind might not have been uldt- 
to thrill to the bewitching paintings l>v Pawl 
Tchelitschew. The results of the crossing of emh 
new scientific frontier stimulate painters and pei 
meate their canvases. 

One cannot deny the influence of science on John 
Milton if one reads the pa-sage in Parmtisv l.u\t 
in which the Angel Raphael -peaks to Adam about 
astronomy. The writing- of Emile Zola show how 
well the novelist understood and applied the gmriii 
theories current in his time: Thomas Hardy 
materialism mu-t have stemmed from the scirnrr* 
in which he was avocatiniinllx interested; Jaim- 
Joyce’- V lyases indicates not «»nl\ an under-landing 
of contemporary p-ycholog\ hut a *rn-itiyit\ t«< it- 
nuances. One need only peruse at random dm 
writings of Andre Gide and William Faulknei to 
find examples of the affinity of science and litci a 
ture and the excitement engendered by -cientihi 
discovery. 

Through the ages, science has often given emo- 
tional and technical inspiration to mu-h al com 
posers. Movements of the planets and star" ha\ « 
stimulated Stravinsky. Solar flare- were the inspi- 
ration for a symphony by Rebecca Harkne— \ i 
hrations of atoms and molecules have provided the 
basis for many musical composition*, for example, 
those by Donald H. Andrews. Classical ballet ami 
contemporary modern dance have repeatedly uti 
lized scientific fai ls and phenomena in the creation 
of unique choreography. Alert pioneer* of tin- 
dance, such as Ted Shawn and Mary Wigman. were 
influenced by scientific developments. 

Science and the arts reflect the human cure of 
any given historical period, and change with tin* 
unrest born of human ctjriosity. There is read' 
proof in voluminous docunientution that the hisf<»r\ 
of science and the history the arts are analogous 
that science and the arts |re compatible in a ‘ om 
tinning pattern. See SciEntrrE. ‘ , " r 

t 

Artery f 

One of the vascular tubes Which carry blood awio 
from the heart. Two major arterial system* ar< 
present in the human body, the pulmonary ilTi ' 1 ' 
and the systemic, or peripheral, circulation, 
pulmonary artery arises from the right v f nlr, ‘ 
passes for a distance of about 2 in. in the p 



lardium, and then branches into right and left 
pulmonary arteries which enter the lungs and sub- 
divide to furnish blood to the lung lobes and lobules. 
The final small branches of the arterial system, 
called arterioles, communicate with the extensive 
capillary beds of the tissues. 

}}|ood returning from the lungs to the heart 
cuter* the left auricle, passes into the left ventricle, 
and is pumped out during contraction through the 
anrU into the systemic circulation. 

Behind two of the three leaflets of the aortic 
valves lie the ostia, or openings, of the coronary 
arteries which supply the heart musculature itself, 
ve Aorta. 

The arteries have fairly regular anastomoses, or 
intet connections, between then branches. This ar- 
rangement allows the development of collateral 
cin illation should injury interfere with the normal 
distribution of blood. 

From a histologic standpoint arteries mav be 
grouped into four or five categories, depending on 
il,e si«* and the proportion* of different tissues in 
their walN. 

The large arteries the aorta, pulmonary, and 
dues have a smooth endothelial lining, common 
t., all blood vessels. The suhendothelial tissue is 
quilt* thin in child* in hut gradually thickens with 
advancing age. Surrounding the endothelium and 
it. supporting tissue is an ill-defined /one of elastic 
HUT*. The middle coat, or tunica media, of the 
large arteries is composed of alternate lavers of 
-mo.>th muscle containing much fibrous tissue, and 
„f Ha-lic tissue. The outer coat, or adventitia, is 
lonnective tissue which contains nerves, fibrous 
and elastic elements, and the important small nu- 
trient blood vessels, the vasorum. 

The medium sized arteries are a No known as the 
nuis< ular arteries because of the preponderance of 
*miM>th muscle in their middle lavers. In addition, 
two distinct elastic membranes are present. The 
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inner elastic lamina surrounds the suhendothelial 
layer; the outer forms a layer surrounding the 
smooth muscle. The adventitia contains a plentiful 
supply of nerves from the autonomic system. 

The smaller arteries and arterioles are marked 
not only by their size hut by the progressive loss of 
first ihe inner, and then the outer, elastic mem- 
brane. Finally, the muscular coat is lost as the 
diameter decreases. A rich nerve supply exists. 
1, ince these vessels are of great importance in the 
homeostatic mechanism. 

When the smallest arterioles have reached the 
size of about 20 // or less, they consist only of the 
ubiquitous endothelium and a few strands of sup- 
porting tissue about them. It is recognized that 
structure*, called metaarterioles exist between the 
smallest arterioles and the extensive capillary net- 
work*-. Since only Vio-Nio of the potential capil- 
lar \ network is open at one time in the normal 
state, these metaarterioles are thought to act as 
the final regulators of blood flow by constriction 
and relaxation in response to local and systemic 
regulating factors. 

Although several categories of arteries are men- 
tioned. no abrupt transition takes place, either in 
histologic structure or in the decreasing diameter 
of the vessels. The large elastic vessels appear well 
adapted for the transmission of blood as it leaves 
the heart. With each contraction the elastic walls 
can expand and between contractions their natural 
recoil aids in propulsion of blood into the smaller 
muscular arteries. In these, and in the smaller ves- 
m*N of the arterial system, the intrinsic structure 
and reactivitv to local and neurogenic regulation 
produce the great lability that characterizes the 
arterial sv*tem and causes so many alterations in 
blood flow, pressure, and distribution. See CiRCX’LA- 
roRY s\sTt M. I E.C.ST.] 


Artesian systems 

Ground wa ,r *r conditions formed by water-bearing 
rocks (aquifers) in which the water is confined 
above and below by impermeable beds (see 
Groi nd wm.Ri. Because the water table in the 
intake area of an artesian system is higher than the 
tup of the aquif'r in its artesian portion, the water 
is under sufficient head to cause it to rise in a well 
above the top of the aquifer. Many of the systems 
have sufficient head to cause the water to overflow 
at the surface, at least where the land surface is 
relatively low. Flowing artesian wells were ex- 
t rein el v important during the early days of the de- 
vrlopment of ground water from drilled wells, be- 
cause there was no need for P<'mp>ng. Th « ,r *™j 
oortanee has diminished with the decline of head 
Etal occurred in many artesian systems and 
with the development of efficient pumps and cheap 
nower with which to operate the pumps. When they 
Lre first tapped many artesian aquifers contained 


p#r »ion of cross section of volar digital ortery of won- 
lf,8, » A. A. Maximow and W. Bloom. A Toxtbook of 
Oology, 6 th o d. r Saundon, 1952 ) 
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velopment of the artesian aquifers through the 
drilling of additional wells, the head in most of 
them has decreased and it is now from a few feet to 
several hundred feet below the land surface in 
many areas of former artesian flow. A majority of 
arte«ian wells are now equipped with pumps. 

Perhaps the best known artesian aquifer in the 
United States is the Dakota sandstone, of Creta- 
ceous age, which underlies most of North Dakota, 
South Dakota, and Nebraska, much of Kansas, and 
parts of Minnesota and Iowa at depths ranging 
from 0-2.000 ft. The water is highly mineralized as 
a general rule, but during the latter part of the 
nineteenth century when these areas were being 
settled the Dakota sandstone provided a valuable 
source of water supply tinder high pressure. Few 
wells in this aquifer flow more thun a trickle of 
water today. The St. Peter sandstone and deeper- 
lying sandstones of early lower Paleozoic age, 
which underlie parts of Minnesota, Wisconsin, 
Iowa. Illinois, and Indiana form another well-known 
artesian system. Formerly wells on low ground 
flowed abundantly, but now wells have to be 
pumped throughout most of the area. Some of the 
water is highly mineralized, but in manv places it 
is of good quality. In New Mexico, in the Roswell 
artesian basin, cavernous limestone of Permian age 
provides water to irrigate thousands of acres of 
cotton and other farm crops. Although the head ha* 
been steadily declining, many wells still have large 
flows and others yield copious supplies bv pumping. 
Among the mo«t productive artesian systems arc 
the Cretaceous and Tertiarv aquifer* of the Atlan- 
tic and Gulf Coastal Plains. These provide large 
quantities of water for irrigation and industrial n*e 
and supply large cities such as Savannah. Georgia : 
Memphis. Tennessee; and Houston and Sail An- 
tonio, Texas. Numerous artesian basins are found 
in intermontane valleys of the West. Some of the 
best known are in the Central Valiev of California, 
where confined aquifers provide water to irrigate 
millions of acres of farmland, and the San Lui* 
Valley in Colorado. Although these are the most 
important systems in the United States, all others 
together number in the hundreds. [a.n.s.T 

Arthritis 

A general term which refers to any inflammatorv 
process affecting joints or their component tissue. 

Several types of arthritis are recognised by their 
clinical course or pathologic appearance; non- 
specific arthritis of undetermined cause is the term 
reserved for the occasional case in which no etio- 
logic agent can be justifiably named. 

Several kinds of infections including gonorrhea 
and streptococcal and staphylococcal invasion may 
produce arthritis. These usually result from a gen- 
eralized infection but may appear following local 
spread or after trauma. The outcome varies con- 
siderably with the patient’s age. resistance, ade- 
quacy of treatment, and the nature of the organism. 
Set Gonorrhea; Staphylococxus; Streptococ- 
cus. 


Tuberculous arthritis is less prevalent than j 
fore the advent of adequate therapy, hut it Ml |j 
tends to occur in children or in adults with a <| 
vanced pulmonary tuberculosis. The joints arc u ^„ 
ally damaged progressively so that deformity „ r 
ankylosis may occur. Pott’s disease is a form „f 
tuberculosis in which the vertebral column is a! 
fee ted. .See Tt'BKHCUMists. 

Rheumatic fever is commonly accompano-d |, x 
a migratory arthritis that mav involve several u>inu 
in succession. Permanent damage is minimal. 
RhECMATIC frt.\kK. 

Gout, the metabolic disorder of uric acid break 
down, has long been associated with an espci iaJK 
painful arthritis, particularly of the foe*. Dep,^,^ 
of uric acid crystals in the affected joints iU „| 
irregular episodes of *vniphmis are tvpiral feature. 

.See Uric ai in. 

Rheumatoid arthiitis is the most eornmon \ .tnn\ 
of joint inflammation in vounger and middle aged 
persons. The etiologv is unknown, hut hvperseiM 
tivity. protein derangements, endocrine imlul;un» . 
and psvehic disturbances have all hern im/nm 
nated along with lewr fa« tor-. Thi* *\s|ernii di- 
ease is comrnoiilv ushered in hv *«»mc ph \ *i« ,i I m 
emotional sire-.* and follows a variable but «.|«»%% |< 
progressive course, marked h\ spmilaneou* mm* 
s|on>. The finger* are often fii*t in\o|\><| -w-, 
metricallv. with the hand*, wri-t*. teet. and Mtiic 
smaller joint* later becoming affected Joint d* 
st ruction i* common with advancing disease. *«• iL: 
the incidence of di*<ihilit\ i* high. >• * Hvcfhsinn 

tivity. 

Osteoarthritis i* the • nnwnon degenerative i‘»m‘ 
disorder of obler persons, ft i* marked b\ a pi 
gressive stiffness. b»s- of function, and I c i :* ton 
of the larger, weight-hearing inmt* of tlo* I *• •«! 
With advancing, age. the «ontinued *|ow d.nnij.» 
causes iru reusing disability. 

These and Je*s common forms of arflinti* afl f • ' 
a great number of people in the I nited N.itc- 
variously estimated at between fi.IMMI.0fM) and 'Mini' 
000 persons. The annual co*t of tiralmcnt. ■ *u» 
and the losse* in time, money, and pmdmthii' -»r» 
incalculable. With an increasing survival tun*’ m 
the population, arthritis constitutes one of ill* 
greatest medical, social, and economic probb ,, n- 
existing todav. See Gr HON toi.ooy. S M * 

Arthrodira 

Undoubtedly the most distinctively specialized 
numerous of Devonian vertebrates. the joint-m*' K" 1 
fishes were of wnrld*wi«h£distrihution in both fr f * ' 
water and marine environments from l.ate >ibi r ‘* , | l 
through Devonian times. The chaiacteristic p ‘ u 
derm armor covering Ihe head and trunk 
typically heavy. The equally characteristic “I’ 1 '' 
lothoracir joint wa* cofnpourd of paired ^ *<>< * 
developed on the cranial shield into which ^ 
condyles projecting forward from the hoi 1 arnl 
articulated. Braced by glenoid processes <m , 
cephalic shield, the head could he wove ^ 

but neither down nor to the aide. Perhaps 




Coccosfeus, a small arthrodire of the Middle and Late 
Devonian, showing reduced pectoral spines. About 40 
cm long. (From A. Heinti) 
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jointed. These characteristics, taken together, dis- 
tinguish the arthropods from all other animals. 
Young stages may he quite different from the adults 
and some parasitic' species differ very radically 
from their relatives. 

In their evolution, the arthropods have diverged 
structural! v into three major groups, the Trilo- 
hita. Chelicerata. and Mandihulata. 

A classification scheme of the Arthropoda fol- 


urioiis flexibility of the arthrodiran head, in cun- lot 

, to relatively stationary condition with wide an 

latitude of motion hv the lower jaws in other hac k p} 
honed animals, was an important factor in feeding 
uid breathing. The other anatomical features of 
ihl arthrodire* generally were like those of placo- 
| | |i|||1 s except for the pectoral appendages and 
','irdles which displaxed wide vaiiation. In the 
|!. ir |i^ t ‘ ,<iinl-rifckcil fi-!w- generally. large rij-ul 
M ,i n ,.s wen- firn.lv attached to the continuous 
thorn. - ,*' buckler in the pectoral region. Through 
th,- course of geologic ,i,nP varioUf)v rwl,,p rd fixed 
jn e. were supplemented with internallv s„p- 
polled fm folds. Among the geological voungest 
jrthrodires. spines were obsolescent and were . » 
pletelv te, dared l.% large. long-based fit. folds. 

See I’t X< OI1KKM1. 

M.el aithl-ldi JII fishes weie of small or ine- 
dmn. ‘i/e. Toward the elimination of their exist- I 

,.„,e fiowex ei . manv genera attained length* of 
„ or mote. These forms were the vertebrate . 

of their time. From conservative beginnings 
in fresh and brackish water*, a xar.etx of forms 

op-reeded in invading a* and. once there. 

...dialed with spectacular rapid., x mto practically 
ever* available e. olopie nirhe The many adapts- 
I lops to aipiatir life were accompanied bv change* 
m bodv proportions, modifirations ... denial armor. 

and differen.es in pectoral fin* T «•— ’ 

• lunges make s*ildr In re. ogni/e van....* aber- 

i.int arthrodiran lineages. , 

In view of the phvleti. vigor with which these 
fishes attained their initial successes. ,llP,r ‘"J" 
.ind early extinction at or near the . oxe ° ’* 

Devonian has never hern satisfactorily explained 

x'ri \m. tot hmh.bm.s: Bum It' ih*>kx< •- ' 11 

Arthropoda 

The largest phvl.m, in the animal ^ 

'•Mi mated mirnbrr of species exceed'' 

'hi- number, the cla** Inject a ahmc ® 

U *00.000 ctpecie^. Tho arthropod* rnmpn-r a,ml | 
HO'; of all the animal- thnt hn\r been describe . 
Thcs vary in from ihe microM'opi* mite. 

Ifo* giant decapod cruMac eans mm-H as the . 
rnh with an appendage -pan of 5 ft or mon * . 

group includes the well-known injects, sp 1 _ ' 

,ir K and cniwtaceans. a* MS n!an> st !V* 
ftruup*. mime of which are known only a* 1 1 
The adult arthropod tvpically has a w v c 
P°^d of a nerie* of ringltke segment*. ro, i |M ' ,, ;*_ 
"tovahle on each other. The integument j* * 

! ’ /,% d by the formation of hardening am _ 
cuticle and the segmental limh* aro 1 


lows below; see separate articles on the suhphyla 
and clashes. 


Pin I urn Arthropoda 
Siihplnlum Trilohita 
Suhphylum C'helieerata 
(,las> Xiphosura 
Eurypterida 

Pycnogonida fPantopodal 
Arac hnida 

Suhph\ lurti Mandihulata 
(’.lav* Ou^tac ea 
(Ihilopoda 
Oiplopoda 
Pauropoda 
S\mph\la 

Hexapoda (Inject a) 

Itndv segmentation, or metamerism. i* the most 
fundamental eharaeter of the arthropods, hut it i* 
shared bv the annelid worm*. *o there van he little 
doubt that these two group* of animals are related 
through some remote, simple, segmented, wormlike 
ancestor The limbs of all modern arthropods de- 
velop in the embrvo from small lateroventral out- 
growth* of the bodv segments that lengthen and be- 
nnr minted. Hem e it may he inferred that the 
arthropods originated from some segmented worm 
that acquired similar lohelike limb rudiments and 
thus, a* a vling m walking animal. I^came d ' ! J' 
ting.ii'hed f. -n it* swimming relatives. Then, with 
scleroma, ion of the integument, the 1, mbs could 
lengthen. ,nd finally they were jointed for great* r 
locomotor efficiency. Thus arose a pr.mtt.ve arthro- 

P ’t« firs,, the segmental limbs were presumably all 
leglike appendages, as they were in the tributes. 
,„d served U walking. In their later evolu, ton. 
however, some of them became modified in struc- 
. for manv other purposes, such as feeding. 

f grasping. 

I J\ n ore specialized than those of any other ani- 
' The bodv segments, corresponding to *pe- 

<> ma s - T he t ‘ * ‘innendages. tend to become con- 

[ S^w-Jrr.s 

»r thorax, and abdomen. continuous 

Sclero, i/atton of he ^.iw. U forms dis- 

n . ground the ^ or soleri ,es. A back plate of 

,v crete ‘egmenta I ■ not „ m . a ventral plate, a 


* pleura. The consec- 

” ta * 
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Fig. I. (o) Diagrams of segmental plates, (b) Cross 
section of a body segment. (R. E. Snodgrass , Principles 
of Insect Morphology , McGraw-Hill , 1935) 



Fig. 2. Diagram of position of principal internal 
organs. 


united, are connected by infolded membranes, and 
are thus movable on each other by longitudinal 
muscles attached on anterior marginal ridges, or 
antecostae, of the plates. Since nearly all the bodv 
and limb muscles are attached on integumental 
srlerites, there is little limit to the development 
of ftkeletomuscular mechanisms. 

The arthropods, from lobsters to the tiniest gnat, 
have all the internal organs essential to any com- 
plex animal. An alimentary canal extends either 
straight or coiled from the subapical ventral mouth 
to the terminal anus. Its primary part i« the endo- 
dermn! stomach, or mesenteron, hut there are added 
ectodermal ingrowths that form a stomodeum ante- 
riorly. and a proctodeum posteriorly. The nervous 
system includes a brain and a subesophageal gan- 
glion »n the head, united by connectives around 
the stomodeum. and a ventral nerve cord of inter- 
connected ganglia. Some of the successive ganglia, 
however, may be condensed into composite gan- 
glionic masses. Nerves proceed from the ganglia. 
Internal proprioceptors and surface sense organs of 
numerous kinds are present, chiefly tactile, olfac- 
tory. and optic in function. A usually tubular 
pulsatory heart lies along the dorsal side of the 
body and keeps the blood in circulation. In some 
arthropods arteries distribute the blood from the 
heart; in others it is discharged from the anterior 
end of the tube directly into the body cavity. The 
blood reenters the heart through openings along 
its sides. Aquatic arthropods breathe by means of 
gills. Most terrestrial species have either flat air 
pouches or tubular tracheae opening from the out- 
side surface; some have both. A few small, soft- 
bodied forms respire through the skin. Excretory 
organs open either at the bases of some of the ap- 
pendages or into the alimentary canal. Most arthro- 
pods have separate sexes, but some are hermaphro- 


ditic, and parthenogenesis is of common occur- 
rence. The genital openings differ in position in 
different groups and are not always on the same 
body segment in the two sexes. 

TRILOBITES 

The trilobites ure all extinct and are among \\ u > 
oldest known arthro|H>ds. They were in existence a t 
the very beginning of the Cambrian period of g eo . 
logic history, and must have lived long before thrv 
or any other animals were preserved as fossils, u -t 
they are not the actual ancestors of any modern 
arthropods. 

A typical trilobite has a flattened oval shape 
with an elevation, the rachis. running lengthwise 
along the middle of the hack, giving it u three pan 
appearance from which the trilobites get tlmr 
name. More important, however, is the crosswise 
division of the body into a head, u thorax, and .1 
pvgidiurn. The head is not segmented, but indenta- 
tions of the median elevation suggest u primitive 
segmentation. On its upper surface, laterallv. it 
bears a pair of compound eves. The thorax i* cum 
pletelv segmented. The pvgidituu is a rounded plate 
showing evidence of former segmentation. Thu- the 
trilobite ancestors were prohahlv fullv segmented 
primitive arthropods. On the under surface, tin- 
head bears a pair of long antennae, and a medim 
lobe, the lubrutn. that prohahlv covers the month 
The rest of the under surface i* o< copied hv a lung 
series of eight-segmented legs, which are al) alike 
and suggest that the diversified appendage* of 
other arthropods were once jointed leg* n*ed lot 
locomotion. Each trilobite leg 1 Fig. I On • has 
fringed appendage, perhaps a gill, arising laterallv 
from the basal segment. Mesa! *pin\ lobe* of tin- 
same segments probably served for grasping food 
and passing it forward to the mouth. The po-itnm 
of the reproductive openings is not known. Tin- 
anus is at the end of the pyg : ditun. 



Fig. 3. A generalised trflobHe. <o) Dor»al o*P* d - 
(6) Ventral aspect. (R. E. Snodgrau, A 0 

Arthropod Anatomy, CornoH Univonily Proa, l" 5 
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Fig. 4. Limulus, a horseshoe crab, (a) Dorsa« aspect 
:b) Ventral aspect. (R. E. Snodgrass , A Textbook of 
Arthropod Anatomy, Cornell University Press, 1952) 


CHELICERATA 

The chdiccrafe* gH tlicir name from the fart 
thal their first appendages are a pair of v, na ll 
pincers, known as rhelirerae. Thev have no anten- 
nae, and the liod> is divided into two parts a 
ftrosnrna. or * ephalothorax. and an npiMhosoma. 
or abdomen. The proMtma carries the , helirerae a 
^erond pair of appendages leinied fiedipalps. and 
(••nr pairs of walking legs. Appendages are usualh 
absent on the o|»i«thn«iina. When present, they are 
neser leglike. The genital aperture in earh *ex is on 
the eighth postoral segment. The Cheli. erala in- 
rlnde the extinct Kur\ pterida, and the modern 
Xiphosurida (horseshoe crab*). IVnogonida (sea 
spnlers i , and Araehnida Ucorpion^. spiders, tic ks, 
mites, and related forms ) . 

Xiphosurida. The horseshoe rrahs. «, r king rrahs. 
‘Fig. whic h are not crabs at all. are the nearest 
li'ing relatives of the trilohite.s. The }>od\. however, 
i* divided into two parts only and ends with a large 
tail spine. The dorsal side of the prosoma resembles 
the head of a trilohite. and Invars laterally a pair of 
< 'impound eves. In addition, however, there are two 
\m small simple eves situated anteriorly. Yen- 
tfally, the prosoma carries six pairs of append- 
<i^s. these include the chelicerae and five pairs of 
which have terminal pincers. As in the 
•fik'bites. the hasal segments of the legs are pro- 
duced mesally into spinv lobes directed toward the 
mouth. The xiphosurids feed on solid food. All the 
alhcr modern chelicerates are liquid-feeder*. / 
pair of small lobes behind the last legs, called the 
‘Maria. probably are remnants of a seventh pair 
j The opisthosoma has appendages in the 

” rrn of broad overlapping plates; all except the 
rK t carries a mans of lamellar gills on its posterior 
s,, | ace. The first appendage forms a cover or oper 
(u um OVft f the others. It belongs to the eighth 
^foral body segment and carries the genital ap- 
frl urea on its posterior surface. 

Etiryplgrfdg, The eurypterids are extinct aquatic 
Pl° Pods that lived in the early part of the 
u eo *«ic era. A typical eurypterid has an elongate 
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j“° *■ 7.*- p™— w 

that die. h i , sp,ne ’ so miu 'h resemble scorpions 

at.h, >havph , e ) ed ^ , )e the ancest P 8 
d rn s '°rpions. On the other hand, they have 

Al'ZZh n" 6 , *7"; ‘ yeS hke th08e of Li ^lus. 

h no Kh *.' ,f the eur ypterids were 6-15 in 
long, some attained a length of 6-8 ft. A scorpion 
of sorh a size w„„id indeed he a formidable animal. 
Pycnogontda. The pycnogonids are small, long- 
gged creatures that live mostly along the shores 

ncH an""?' n / ,T u ender IegS giv * ,hem the «P’ 

hat the" l A m ' Ut ‘ hey differ from 8 P ider < i" 
hat the abdomen ,s an msignificant lobe projecting 

r« m between the last legs. At the head end is a 

Wifh 'Tkb" 6 "^ W ' ,h the mouth at it8 extremity. 

. ,th ™ ™*‘ proboscis is a powerful sucking pharynx 
• wh,, ' h ,he animals ingest their food. They feed 
particularly on the tentacles of sea anemones, 
jvhjch they reduce to a pulp and swallow in liquid 

Araehnida. The familiar modern spiders, scor- 
pions. daddy longlegs, ticks, mites, and others, be- 



Fig. 5. Eurypterids. (o) Mixopterus kioeri . (b) Ptery - 
gotus buffaloensis. (R. E. Snodgrass , A Textbook of 
Arthropod Anatomy, Cornell University Press, 1952) 



Fig. 6. A pycnogonid, Nymphon hirtipes. (R. E. Snod- 
grass, A Textbook of Arthropod Anatomy, Cornell 
University Press, 1952 ) 
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sides a large number of fossil species, are included 
in this class. The prosoma is commonly called the 
cephalothorax, and the opisthosoma the abdomen. 
However, as in the scorpions, the abdomen may be 
differentiated into two parts, and in some forms the 
whole body is in one piece. The six pairs of append- 
ages on the cephalothorax are the chelicerae, the 
pedipalps, and four pairs of walking legs. The 
pedipalps may be leglike, but they often bear large 
pincers, or chelae. In male spiders thcv are modi- 
fied for reproductive purposes. If abdominal ap- 
pendages are present, they are much reduced and 
serve for silk-spinning. Like the other chelicerates, 
the arachnids have no jaws. The prey is torn open 
by the chelicerae, digestive juices discharged into 
it from the stomach, and the predigested pabulum 
(food) is then ingested by the sucking pharynx. 
The stomach usually has branching tubular diver- 
ticula, in the walls of which the fully digested 
food is absorbed. The respiratory organs are both 
book lungs and tracheae. The genital openings of 
each sex are ventral on the base of the a Women. 

The class Arachnida includes the following or- 
ders: the Palpigradi. the Solpugida. the Scorpion- 
ida. the Pedipalpida. the Kicinulei, the Pseudo- 
scorpionida tor Chelnnethida t, the Phalangida. the 
Araneida (spiders), and the Ararina (mite-* and 
ticks). In each order there are several suborders 
and a large number of families with innumerable 
genera and species. The Palpigradi are the sim- 
plest of the arachnids, the ticks and miles the most 
specialized. 

Scorpion. This is a highly individualistic arach- 
nid. The cephalothorax is covered by a shieldlike 
carapace The abdomen is divided into a thick, 
seven-segmented preabdomen containing the prin- 
cipal viscera and a flexible taiilike posta Women of 
five segments carrying a venomous sting at the end. 
On the anterior margin of the carapace there is 
usually a median pair of simple eyes with two to 
five on each side, but some scorpions have no eves. 
The large pedipalps are armed with powerful 
chelae, and in adult life the animal generally car- 
ries them elevated ready for action. On the under 
surface of the preaWomen are four pairs of promi- 
nent slits in the integument, which are the openings, 
or spiracles, of the respiratory organs known as 
book lungs. Each slit opens into a small chamber, 
from the inner wall of which arise numerous flat, 
closely appressed. thin-walled pouches resembling 
the leaves of a book. Air enters the cavities of the 
leaflets and blood circulates between them. The 
lungs lie in a ventral blood sinus, in which the 
blood exchanges carbon dioxide for oxygen and is 
then carried to the heart. 

The reproductive organs of each sex open by a 
median ventral aperture on the first abdominal seg- 
ment. Just behind it is a pair of small comblike 
organs, the pectines, which are characteristic of the 
scorpions. After a complicated premating court- 
ship. some scorpions are said to bring their ventral 
surfaces together, when the male directly fertilizes 
the female. The male of a South American scorpion. 



Fig- 7. A scorpion, Choctas vonbenedein. ta Entire 
animal, dorsal aspect \R. E. Snodgrass, A Textbook of 
Arthropod Anatomy. Cornell University Press, 1952 
lb) Abdomen, ventral aspect, 'c’ 1 A book lung, d»ci 
grammatic. 

however, ha* been shown to produce a large *-pn 
matophore containing the <-pei mato/oa. tin* end «•[ 
which he insert* into the ground and then lead- th» 
female over it until the ujTJ»er end enter** the !e 
male'* genital aperture and the -perm i- 1 1 a n - 
f erred to her receptac le. Insemination in the* |»-n< 
doHcorpion- lake* place in the *aine wav. .Voipmii- 
produce live young, which after birth cliruh up on 
the hack of the mother and remain there m a nia— 
until old enough in take care of thenwlve*. In ihe 
meantime each i** nourished hv the* emhtvonte ydk 
still in its stomac h. 

The food of scorpions consists of live in-ect* and 
other small arthropods. The prey is captured by tin* 
pedipalp chelae. The flexible tail i* then swung h*» 
ward over the hack, and the sting quickly subdue 
the victim. The chelicerae now rip it open and 
pull out the viscera so that discharged digest i\»* 
juices can dissolve the soft parts. The predig»*-tcd 
food is then nicked into the mouth by the pliaivnv 
On man the effect of a scorpion's sting is alwav- 
painful and may he serioits; many cases of death, 
particularly of children, ha^e been recorded. 

Other arachnids that somewhat resemble 
pionft are the so-called vfhip scorpions. Pedipfl' 
pida, and the pseudoscorpions, Chelonethida. i 1 
whip scorpions are mi named because they have a 
long tail at the end of the body, but the whip ,s 
merely a many-jointed appendage of the lust »n< v 
segment and not a segmented part of the bod* . 1 

same is true of the Palpigradi. The p*eu<os(<> 
pions look like small tailless scorpions because < 





their disproportionately lurge chelate pHi , 

The PhalangWa. or Opiliones, int-lud^ the J|i' 
known daddy lmiglegs, called also harvest,,,™ b, Jt 
many different kinds occur in all parts „f the 
The -mall body is undivided and bears anteriorly 
siut.de pair of large lateral eyes. The long „) t . n< j,‘ r 
leg* do not support the ImmIv whirh hangs beneath 
them. Tim Hieinulei ate rare and only a few sp«vie s 
are known from Africa and Central America. They 
t iie*mall ticklike spiders hut are disiimtlv di\idf*d 
into ccphalothorax and abdomen. The Solpugida 
ate hairy -legged creatures with a partlv segmented 
,,‘phalothorax and exceptionallv large chHicerae. 
|‘he pedipalps are long, slender, and leglike with- 
„ut <helae. Species of the Cnited States live prin- 
,i|»all\ in the southern and southwestern states, hut 
„„nc extend as far north as western Canada. 

1 ntneida. The tarantulas, trap door spiders. ;in d 
the true spiders are \reneida. Tliev are to he dis. 
tingnished from other arac luiid- hv the nairow mn- 
.tril lion between the cephalothorax and the ahdo- 
men. and are alwu\s to he distinguished from in- 
,nl«. hv the lack of a head, tin- ah-etice of anten* 
nar. and the presence of eight leg* instead of -i\. 
The chdicerae are two-segmented : the movable 
t uij! i- not opposed hv an immovable finger, but 
back in a groove on the basal segment. In th« 
\,i intulu* and trap-door spider- the fang- turn 
downward, while in the other spiders thev turn 
iMr-alh toward each other. \ pair of saclike poison 
aland- discharges through duct- that traverse the 
• hrliierae and open h\ pore- near the point- of the 
The venom i- u-rd to subdue prev held m the 
<Wi«era. That of most spiders is not harmful to 
man. hut the hile of the Mack widow spider is a 
well known ext eplion. The pedipalps of the spiders 
•nr never f helalf, and those of the male are modi- 
*’*d for reproductive purposes. The legs are seven- 
-''irmented: the terminal segment is itself a -imple 
law. hut a pair of accessorv lateral claws ari-ing 
,r "in it- base prodm e* tvpicallv a three-clawed 
H\ elimination of the median claw, this he- 



gemtal 
opening 

ipinneret^^* tracheal 
spiracle 


®‘ to) An orb-weaving spider. (6) Anterior view 
0 h «od. fc) Undersurface af abdomen. 
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X. SrirL- r» '« *. upw. 

linn b> the nrespn • . S i° Wh evidcnre °f »egmenta- 
Most si,i,],. rs i 1!lv e . V ,erRul an<1 Vernal plates. 

ran**! ZZ ^ ^ «■ 

liavr L 'r ,1 '' f ' «Phal»thorax but some 

n„ n ,'r " d <ave ' ln * ,a ^'ting species m « y have 

to ''Lrr 1 and H,la| ’ ,alion <»f spiders are related 

spinnerets r n dT ,, I , | I silk formin K glands and 

remark ■il,li> i ' 'T ater devcl,, P ,nent of most 
r marU.le mstmets for using the silk in various 

nests T|. f,‘, aP ','' r ! “ f |Jrt-y or for 'ininn their 

!e< tiv, S ' , ,<,d,ed s f ,der ‘ > have no need of p,„. 

arma ure ' slntp most of them never come 
" <• personal contact with their victims until ll, 
Tl ? T ‘ f [ |de “ ly en’annied in meshes of web. 

Jl !'j by ! h< ‘ ‘‘ftefieerac is all that is neces- 
■ • to subdue them. The silk glands, usually sev- 
, kinds, be m the abdomen and open through 
, 1 ,, ' nn, - rMs - Tt "* latter are a group of four to 
‘-lion projections un the under ride of the abdo- 
men ii-uallv near the posterior end. Each spinneret 
I tears a large numher of small outlet tubes known 
lls N»igoK through which the liquid silk is dis- 
t larged, ll then hardens to threads on contact with 
the air. .Some spiders, however, are hunters; these 
arc the wolf -piders that seek their prey on the 
ground and the jumping spiders that stalk their 
v (« lirri- or leap ori them from an ambush. 


The respiratory organs include both hook lungs 
and tracheae. The tarantulas, trap-door spiders, 
and one family of the true spiders, the Hypochili- 
dae. have two pairs of hook lungs, similar to those 
of the scorpions, on the under side of the anterior 
part of the abdomen. Three families have tufts or 
tracheae in place of the second lungs, and in the 
Caponidae both pairs of lungs are replaced by 
tra« heap. Ot 1 . i spiders have onlv one pair of hook 
lungs, opening *n the base of the abdomen, and 
two tracheae, but the tracheae arise from a single 
median -pirade usually situated just before the 
-pinnerets. The tracheae are branched tubes that 
ac.ate the blood, since they do not go to all the 
bodv tissues as do the tracheal branches of insects. 

Fhe reproductive organs of each sex in the 
spiders open hv a single median orifice located 
vent rails on the base of the abdomen in the eighth 
postural segment as in other chelicerates. In the fe- 
male there are usually two other openings at the 
side of the vaginal orifice, which are the entrances 
to a pair of sperm icieptacles. Each is connected 
hv a duct with the vagina. A plate of various forms 
that contains the spermathecac is known as the 
epigvnum. The spiders practice artificial insemina- 
tion. The pedipalps of the male are modified in 
structure to lurid the sperm and to introduce it into 


the receptacles of the female. After mating, the fe- 
male often eats the diminutive male. 

Annina- The mites and the ticks are highly 
specialized arachnids. The body is undivided ex- 
cept for the presence of a small headpiece, known 
h« the gnathosoma or capitulum, that carries the 
chelicerae. pedipalps, and the feeding organs. They 
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Fig. 9. A tick, Dermacentor. (ft. ft. Snodgrass , A Text- 
book of Arthropod Anatomy, Come ft University Press, 
1 952 ) 

feed on plant juices or blood of animals by piercing 
and sucking, and some species transmit disease or- 
ganisms while feeding. 

MANDfBULATA 

The mandibuiate arthropods include the crusta- 
ceans. the myriapods (centipedes and millipedes), 
and the hexapods (insects). They differ greatly 
among themselves, but may be distinguished from 
the chel iterates by the presence of antennae and 
the possession of mandibles, which are typically a 
pair of biting and chewing jaws but may be drawn 
out into cutting blades or piercing stylets. The an- 
tennae arise from the front of the head and are 
never leglike in form. The crustaceans havea pair 
of second antennae that arise behind the mouth and 
belong to the series of segmental limbs. The man- 
dibles following the second antennae are the sec ond 
postoral appendages. These have been evolved 
from a pair of primitive legs by the development of 
teeth or masticatory surfaces on the basal segments 
and the complete elimination or reduction of the 
rest of the limb to a small palpus. Following the 
mandibles are two accessory feeding organs of 
various forms known as the first and second maxil- 
lae. The rest of the trunk appendages, which vary 
in number in the several mandibuiate groups, are 
used mostly for walking or swimming, but some of 
them are commonly diversified in structure for 
other purposes. The trunk may consist of only a 
head and body, or it may be divided into head, 
thorax, and abdomen. The head is of variable com- 
position. In its simplest form it is a protocephalon 
carrying only the eyes, both pairs of antennae, and 
a preoral lobe, or labium. More often, it includes 
the segments of the mandibles and maxillae, which 
otherwise unite with the thorax. 

Crustacea. The familiar crustaceans are the 
aquatic shrimps, crayfish, lobsters, crabs, and the 
terrestrial sowbugs. The ocean, however, swarms 
with lesser members of the clan which constitute 


the basic food for most of the larger animals „f { y 
sea. 

The crustaceans differ from all other arthropod 
in having functional second antennae, which j n 
other groups are transient embryonic rudiments ttt 
most. A second distinctive feature is the presence 
on the second segment of the limbs of an outer 
branch, or exopodite, giving the limbs a birammis 
structure, the main shaft being the endopodite. It 
must be noted that the crustacean exopodite m n ot 
equivalent to the outer branch of the triluhite leg 
which arises from the basal segment. The exopodite 
is not always present, and the limbs are conimnnb 
modified for various purposes. For descriptive r<, n 
venience the Crustacea are usually divided into two 
principal groups, the Entomostraca and the Maid 
costraca, with an intermediate group called the 
Leptostraca. 

Entomostraca . A large number of small crusta- 
ceans that differ consistently from the Malacos. 
traca are included in this group, but the name dor- 
not imply that they are all closely related among 
themselves. Most of them are marine, lmt some air 
exclusively inhabitants of fresh water. The\ com 
prise the orders Cephalocarida (newly discomrd •. 
Branchiopoda, Ostracoda, Copepodn, Branchiuu 
and Cirripedia. 

Among the branchiopods, member* of the \ih 
straca. so named because they have no cm rung 
shell, are of particular interest because of the 
primitive structure of the head, which ma\ U 
termed a protocephalon. It bears a pair of iom 
pound eyes. Imth pairs of antennae, and flu 
labrum. Behind it is a small mandibular segment 
(2 1 carrying the mandibles, followed by a large! 
composite segment (3 4) of the much redme-l 
first and second maxillae. In the other entomb 
tracans these gnathal segments are united with 
the protocephalon forming a more complex head 
This bears both the sensory organs and the feed 
ing organs and is covered by a head shield. Hn 
head shield of the Cephalocardia cover* onl\ d»r 



Fig. 10. (a) Uniromou* (HlobM* b«. A bi,0 "'°"' 
crustacean limb; the third moxllllpad of o cru4,oce ° 
(ft, i. Snodgrass , A Tent book of Arthropod Anao 
Como/I University Press, 1952) 




Fig 11. Example* of bronthiopodt. (o> An anoslrocan, 
S'onchipul (Smithsonian Institution], (bl A cephalocarid, 
hutchmoniollo. <c> A notoilrocan, Apol Smithsonian 
''iiMulion). (di A phyllopodial bronchiopod limb 
Smithsonian Institution). 

In other form*. as A pus* the maxillary margin 
die «hield is extended in a free fold, or < arapa^ . 
^at rovers the anterior part of the iw>d\. » n 
‘•ranrhmpods, known as Cladocera and Chonrho- 
■ra<a. the carapace is bivalved and endow inr t n- 
,lrr body. The appendages following the head are 
'd the phyllopodial or leaflike type designed tor 
dimming. 

The Ontraroda also have a bivalve shell, but t « 
s he|| has only a narrow connection with the ea 
J Vfr the dorsum of the second maxillary segment, 
t fiends freely, forward over the head and »ac 
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ward over the body. The two shell valves are con- 
nected by a transverse muscle through the body at- 
tachment which serves to close the shells. The 
ostracodn are mostly minute creatures abundant 
everywhere in fresh and salt water. 

The Gipepoda inhabit the ocean and fresh-water 
lakes; they include free-swimming forms and para- 
sitic species. Typical of the former is the genus 
Cyclops which has a long head region covered by 
an unsegmented shield, a segmented body consist- 
ing of a broad thorax carrying six pairs of swim- 
ming legs, and a slender abdomen ending with a 
caudal furca. The free copepods occur in such num- 
bers that they form the principal food of nearly all 
the larger animals of the ocean, including fish and 
even whales. The parasitic copepods in their early 
stages go through a metamorphosis that adapts 
them to the life they are to lead. This often results 
in adult forms that have lost all resemblance to a 
crustacean. They attack almost any kind of animal 
in the ocean but their particular victims are fish. 
The females carry their eggs in masses or long 
strings bar *;ing from the genital opening on the 
base of the abdomen. 

The Branchiura are small, flattened, fresh-water 
fish parasites, which attach to their victims either 
bv cun-shaped suckers or by hooks on the first 
maxillae. The head and thorax are continuous. The 
•-egmented thorax bears four pairs of brushlike 
limbs, and the vers «hort abdomen is unsegmented. 
The mandibles are slender, piercing stylets en- 
closed in a tubular proboscis. Unlike the copepods. 
the branchiurans have compound eyes, and the fe- 
males do not carry their eggs. 

The Cirri pedia are the ordinary barnacles, both 
-essilc and stalked, and several groups of parasitic 
forms. Most < f them are very uncrustaceanlike in 
appearance, a.vi some of the parasitic species are 
more like plan*- than animals in the adult stage. 
One specie*. Svnagoga mira , however, shows the 
relation of die cirripeds to other entomostrarans. 
It has a slender segmented body with a bivalve 
shell enclosing the head and body, and thus re- 
scmhles the ostracod Crpris. It attaches itself by 
its antennae to certain corals but is able to swim 
freely. 



Fig. 12. A copepod, Cyclops. (Smithsonian InsKMionl 
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Fig. 13. Cirripedia. (o) A primitive cirriped, Synagoga 
mira . <b) Acorn barnacles, Balanus . U) A free swim- 
ming barnacle larva. 'c/> Adult animal from the shell, 
(e) A stalked barnocle, Lepas. (Smithsonian institu- 
tion) 


The common acorn barnacles are enclosed in 
conical, flat-bottomed shells attached on rocks, 
piles, or almost an* thing else along the ocean shore. 
Their near relatives, the goose barnac les, are at- 
tached b\ thick stalks and hang from floating oh 
jeefs in the water. When one of either kind is 
broken open there is exposed a shrimplike creature 
lying on its bac k or standing on its head inside the 
shell with its long, curved, feather* legs i cirri \ 
turned upward or sticking out of the top of the 
shell. The barnacles are attached to the support hv 
a cement sec reted h> gland* in the heat! or the 
stalk. The? newlv hatched barnacle is a simple 
nauplius. a developmental stage, with a pair of 
small, lateral, hornlike projections on its head end. 
It won changes to a bivalved cvprislike form and 
attaches itself to a support bv suction cups on the 
antennae. Then it goes through a metamorphosis in 
which it form* the calcareous shell, throws off the 
cypris shell, and finally becomes an adult. 


Most of the parasitic cirripeds belong to i| |t , 
group Khizcxcphula, of which the crab pm Us j tf4 
Sarculina is the best known member. SmruJ tnil 
also goes through a cvpris stage of development It 
becomes reduced in the shell to a mass of ceils, j n _ 
eluding the reproductive elements, and sends out ti 
hollow dart from its anterior end that pierce* 
skin of a c rab, usually at the base of a hair. Thru 
the substance of the parasite itself flows tlirtm^}, 
the dart into the hodv of the crab and takes ;i 
position beneath the crab’s intestine. Here it 
out rootlike branches all through the crab \w 
which it feeds on the tissues of the host. Finalh it 
breaks through the ventral integument of the emit 
at the base of the abdomen and becomes an pm,,. 
nal bod* containing the mule and female repn> 
duetive cells. The lerlilized eggs develop into hina,- 
that are liberated and become the next gene»jij nM 
of parasites. It is onlv b\ the horns on the Stitt ulun, 
iiauplitis that the parasite is known to lie* a relathc 
of the barnacles. The genera Pelt punster ami 
Thompsunia ate similar crab parasites, (nit wiili 
these main indi* iduals rna\ parasitize the s.mn 
c rah. 

Multicast rat a The malacosti acans im lode th,. 
familiar sluimps. cruvfish. lobsters, and crab* in 
which the thorax is covered )»\ an uiisegmenieil 
carapace. However, there aie aUo se\era] group* 
that have no carapace: the entire* Imd* i* full, 
segmented. The head »s either a simple pint., 
cephalon. or it is combined with the* gnathal 
merits in a emiipusite cranium. The 1 h> »i .n i« 
pendages are t*pi<all* ciglit pairs of h-g* 
perejopods. but the first, second, and third pur* 
rnav he modified as a» • rseri feeding organ-*, a mi 
arc* then distinguished as niaxilliprds. The .dido 
men has six pairs «>| appendage’s. ,,f wlm h the tu*: 
five are generalh swimming organs and are knowr, 
as pb’opods; the last pair are uiopods The ahd<- 
men ends with an anus-bearing lobe, or lelson. i»» 
tween the uropods The reprodm live openings 
the male are on the basal segments of the last jwi' 
of thoracic legs, or on the sternum between tin 
leg and general!* discharge through a pair 1,1 
penes or through a single median penis. I In* email 



Fig. 14. Anaspides fasmaniae. (R. E. Snodgrass , A 
Textbook of Arthropod Anatomy , Cornell University 
Press , 1952) 



<lu<‘“ »!>«« «" '*•« Of the sixth thoru. i, ,, 

penJuges. but the female r,„ ly have a sperm r, 

( on the venter pf ,he las, thoracic seamen," 

,« ,h r mtt ' e ., ,h r /,rM ,wo l»«i^ of pleopods are 
usually modified as gonopod,.. and serve f„ r Iran 
ferring the sperm front the male outlets i„„, „' r 
rrreptat’MJ of th«- female. 

Among the Malam*, ruca without a carapace 
die order Anaspidacra probably contains the ,„osi 
generalized members. The elongate. segmented 
liodv •' shriniplike in form. The fi r «| haekpldte 

0- pmenl 2, is the lergum of the mandibular i-l 

mcnt which is a par, of the |,odv. The head i< 
proloeephalon like tha, of the anosiraran cut o' 
miislraeans. It is mo-tlx concealed beneath the 
luoiecting anterior ( .ar, of the mandibular t.-r- 
ii'im. blit is easily detached as a cephalic unit beat- 
mg the eyes, antennae, and lahruin. The second 
lidikplalc of the body, fused segments .{ ) ani | >■ 

1- evident I \ the combined terga of the segments „f 
lie firs! and second maxillae and a paii of „, ax i|. 
i||n-i|s I he rest of the hodv segments are entirely 
l,cc The basal segments „f the pereiop,«I. bear 
'hill gill loljf’v 

Ollier mahti osttacans without a earapaie t |„. 
I’an.i «Ih. eu. Isnpoda. and the \mphipoda. I he 
''"("•'Is include nui.ieroiis maiiue sp,., ; ,nd th- 
i.iimliar teirestiial sowings and pillhugs. th.it n>|| 
«f """ “ f,,r prolee, ion: these are h„,nd up- 
lot's and stones. The .imphipnds are the hop. 

lit / . « . « 


'"lit: sand Ileus of the ocean beaches and related 
ir ' l*W <“ <*a,l. The head of these , i„>ta. calls 
11 >' 11 ‘lokin»t resemhlam e to tl ( e head .. I an ms,-, t 
It i- composed of the proto, ephaloti the ls„ 
"ivillarv segments, and the h|s| nia\illipe.| seg. 
'" 7il> ""imateh united t.. form a lomposit,.. 

' ‘""unlike head . arrxing both the sens.m and the 
'’"'•"'P ••rcans. The mc> are flat on the head and 
' ''dked. The thoiar-ti limbs are Walking legs. 

"" ,,M ' "»'• P'lir ma\ he . Ii.bile. I he ph-opods 
•’ the i'oprals are Hat h>bo» < arrxing gills m 
piat ir species, or in teircstrial species (ontainiiig 
u ms of branching respirators air tubes opening 
'MW the exterior. The females have large lobes on 



*ot r ’ #rr ® ,,r '°l iwpod*. (o) Porcel/io, o species 

into 0 . *? a * lb* Armadlllidium, one thot rolls 

I* ‘ or P ro *«ction. (e) An amphipod, Talorchtslia 
** 0fn '«. mol#. 
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•“Pl'ing heneiTluhe tb" >U * al J Cg seK,nen,s - under- 
or "'“rsupium in If V Wm “ *’ r ‘"’ d P«««rh. 

carried. ’ * h " h *»' e -W and young are 

Malarimtraraiis with t. n . 

' arapai ar ,. • j ,, fu,lv developed thoracic 

a» h as, three orde f d, ‘ , a,,, ’ ds - ero 

, i- „„„|| 

head in these f *" ta ;. hmem <•" 'he thorax. The 
is of the anaMd ^ «»- /Wm«r«. 

proto, ephalon del 1 I Tl T'"’ a Primitive- 

of the !ara li 1 ’ p f™ Wath ' h * 

gnathal segments hoM, d "'" n i' t , T ph " lir " ni '- T,1 <‘ 
"■■"'•d with he h ' ' ,l,l,,,lar L and niaxillarv. 
lion of the trunk ! h m** ,n a Knath.,lh..rari. se<- 

i» ■ ztrr 1 ,hc 

it Sin, no l • I j h MUthdl region is covered b\ 

:,:"z r "'«i,™i jn . 

inaxillar 1 r f rnar K in °f «be second 

is extended icrT' "!i f Md ' ha ' ,hp ™*IW' 
,he ihor iv Uard a " a double-lax ered fold over 
tra.a ' n,, "’ k "-“<'ans. In the Malaeos- 

mid it ,u ‘ <arapaee fold unites hv its 

seg ue, TT l,a ‘ k ° f — "• the thoracic 

sen . » w -'-rinrl» through them and 
,he\l\ J t , , mjdf ‘ d "' rf:u in,,, ,a,t - ra < Plates. | n 
Z \ „e 7 th ''.' araPil, t - *' lh '-^ attached on the 

No n I " r, c " ,!,,,rnN - in n,| d 

natopoda on not more than two. hut in the 

•■ apod., the attachment extends through the hack 

f 1 <“'• -P'-ren, The middle parts 

Of these segments, therefore, are covered only hv 

V U r la,n,,,l “ " u ' ' arapace. and the former 

dorsal muscles retain their attachments „„ ,|,e 
separated lateral plates „f ,he invaded terga. which 
dri* ritiw knn\Mi as the.* plftira. nr epiniera. 

Tl.r frrr r tl \s\n^ i»f rani pore in ihe 
v\triv' downward ,>n the sides to the leg 
ha-es. th.i. enrh..mg .nitride the IhkIv two lateral 
• handlers eontaining the gills whieh arise from the 
leg liases „r also from the thnraeir walls a ho\e the 
legs Water enters the hranehial chamber^ from 
the reat and is pumped forward over the gills hy 
large \ihraton lobes, the sraphognathitos on the 
^e, ond iiiiixilljr. and is then disrharged anteri- 
orly. f d« h gill has a long axial shaft from which 
arise numerous slender hollow filaments. The blood 
1 in iilates hv \ complex course through the shaft 
and the filaments, entering the base of the "haft 
•hrough an afferent ^ J and leaving through an 
< iierent t anal. 

Myriapods. The imriapods are the common 

centipedes and millipedes, and some others of a 
like nature. Tliev all appear to he related to one 
another, and ha\e been called the M>riapnda. hut 
most zoologists prefer to regard them as four dis- 
tinct classes ; Chilopoda. Diplopnda. Paurnpoda. 
and Swoph>la. Most of them dexelop after hateh- 
trig hx anamorfdiosis in which the voung are 
hatched with onlx fixe to seven body segments and 
three pairs ol Irgs. Further development then takes 
place in a subterminal /one of growth, in which 
new segments and legs are generated and added to 
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Fig. 16. (a) A decapod, Cambarus, a freih-water 

crayfish, (b) Diagrammatic cross section of a thoracic 
segment of a decapod, (c) A third maxilliped. (R. E 
Snodgrass, A Textbook of Arthropod Anatomy , Cornell 
University Press , 1952) 


thoiMJ already present. Two groups of the chilopoda. 
however, are epimorphic. their development being 
completed in the egg. The adult animal consists of 
only two parts, a head and a segmented body. 

Chilopoda. The chilojiod* are the myriapods 
properly called centipedes. Though they include 
four groups of species, they do not differ in any es- 
sential way. Except for the house centipede that 
prefers human dwellings, they all live in similar 
places — in the ground, under rocks or logs, or be- 
neath loose bark. The very sameness of their habi- 
tat gives little inducement for diversity in form and 
structure. The kinds of centipedes differ largely in 
the number of body segments, which varies from 
15 to 100 or more. In some the number of tergal 
plates is less than the number of segments. The 


head resembles that of the insects since it im-lu«le< 
the gnathal segments. The appendages of the fi,^ 
body segment are poison fangs turned forward i, t> 
neath the head; a tubular venom gland opens 
the tip of each fang. The other appendages. f -xi ^, )f 
those of the reduced last two segments, art- l t . Rs 
Eyes, when present, arc groups of lateral eves i|, al 
may look like compound eyes but do not ha\e u 
compound-eye structure. Respiration is In nioan^ 
of a tracheal system, usually opening from spj lu 
cles along the sides of the body. In the house (f -ntj 
pedc. however, the spiracles are on the middle „[ 
the back and open into pockets from which ah . 
given off small lunglike masse* of branching ir a 
cheae. The reproductive openings are at the \u^ 
terior end of the body. 

Diplopoda. The diplopods, or millipedes. 
usually associated on the ground with the i«-mi 
pedes. They differ from all other arthropods in th.it 
each bodv segment but the first three or five brat*, 
two pairs of legs. The bod> is either flattened .mnr 
what or cylindrical. 'Hie mouth parts are a pair «>•' 
mandibles with a large flat lolie known as the gn,. 
thochilariuin forming an underlip. 'Hie mandible 
are unusual in that their functional parts are 




Fig. 17. Chilopoda and Diplopodo. (o) A chl 
or centipede, ScoJopocrypfop* (formerly 0 ,0 ‘ r /^ j 
(b) A polydewnoid dlplopod. (e) A |wl'd 'P 
(It. E. Snodgrau, A Tejtfbook of Arthropod 
Cornell University Press, 1952) 




adependently movable on the banal purts. The gna- 
liochilarium has been regarded an the united first 
■nil second maxillae, but there is reason to believe 
(,*1 the second maxillary segment is represented 
a legless first body segment. The diplopods have 
l0 poison fangs. Their respiratory organs arc tra- 
hrae arising from small ventral plates that carry 
he leg*- The reproductive openings of each sex are 
a the third body segment. However, in the males 
( the common diplopods one or both pairs of legs 
„ the seventh segment, called the gonopod *, art* 
nidified to receive the sperm from the genital out- 
, t!V on the third segment and transfer it to the 
,erm receptacles on the third segment of the fe- 
, a le. These diplopods are said to he proterundri- 
hut there is an opisthundrious group having 
ie gonopuds at the rear end of the Iwidv, IV*c 
mterior gonopod*, however, are used for holding 
if f en iale. The male i* said to use his mandildes 
r transferring the sperm. 

Pauropoda. These are minute eentipedelike 
matures having generally not more than 12 bi»<i\ 
grnents and 9 pair* of legs. The* are dbtin* 
ihlied h> their branched antennae. The mouth' 
irts are a pair of simple undivided mandible* and 
gnathoi hilarium resembling that of the diplo- 
\'\ H . genital d'p*!* open on the venter of the 
irdbodv segment. 

Sympbyla. The symphylan* look like small. 
soft-lxKlied centipedes with long antennae, 
pairs of legs, and two tapering unjointed ap- 
ndages at the rear end of the bodv. Thev live 
Mly in damp place* under stones, in rotting logs, 
m the ground, hut one specie* known as the gar* 
ii centipede sometimes becomes a destructive 
si <,{ garden crops and greenhouse plants. The 
imlililes resemble those of the diplopods in being 
inpo*ed of two parts, of which the distal one* are 
* iunciinnal jaws. The head, however. bears* two 
ir* of maxillae, and tho*e of the second pair, as 
i In* insect*, are united in a lahiumlikf organ. A 
irai teristir feature of the symphvlans is the 
•seme of small styli on the under surface of the 
b mesad of the legs. The reproductive openings 
* ventral on the fourth body segment*. The Svm* 
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'8. (a) A povropod, Poufopui *ilvoli«u«. (b) A 
'Phylid, ScutigiraKo immocvlotfl. 1^- ^ Snodgfou< 
r»x(book of Arthropod Anotomy, Cornoll Unlvorwfy 
«. 1952) 
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Fig. 19. la) Diagram of insect structure (ft. E. Snod- 
grass, Principles of Insect Morphology, McGrow Hill, 
1935). (fa) A collembolon ( Smithsonian Institution), (c) 
A thysanuran (R. E. Snodgrass, A Text book of Ar- 
thropod Anatomy, Cornell University Press, 1952). 
;d) A pterygote, cockroach, Periplaneta . (R. E. Snod- 
grass, A Textbook of Arthropod Anatomy , Cornell Uni- 
versity Press, i V A ?) 


phyla are so metime* regarded as the closest rela- 
tives of the insects. 

Hexapoda. The hexapods are best known as in- 
which mav be winged or not. but are easily 
recognized by the division of the body into head, 
thorax, and airmen, and by the presence of only 
three pairs of legs carried by the thorax. The hea 
always includes the segments of the mand.bie* and 
two pairs of maxillae. Most adult insects have boih 
compound and simple eyes. There .s only one patr 
„f ttn tennae. The second maxillae are united in a 
single organ, the labium. The mouthparts undergo 
endless modifications in different orders by which 
*ev are adapted to biting and chewing. Pacing 
and sucking, or simply sucking, according to the 
nahireof the food. Respiration b by means of tra- 
i rcnroduclive openings m each sex are 

abdomen, and the female «s«- 

ally has an ovipositor. including 

The winged Elated to them 

some that have * but three other orders 

are the wingless 1 V_ h ‘ Protura. Collembola, 
of small wingless forms, the rro 
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ami Diplura, stand apart as more* primitive hexa- 
pods. Some entomologists are reluctant to recog- 
nize them as insects. 

The distinctive feature of the pterygote insects 
is that there are usually two pairs of wings on the 
second and third segments of the thorax. The wings 
are thin, flat outgrowths of the tergal (dates of 
these segments. In the dragonflies wings are moved 
by muscles attached directly to wing bases. In most 
other insects the wings are moved indireetlv bv vi- 
brations of the supporting tergal plates produced 
h\ the alternating action of vertical and longitudi- 
nal ImkI> mus< les. Lateral muscles give the rotarv 
movement necessary for forward flight. 

Young insects have various forms: some resem- 
ble the adults and are known as nymphs: others, 
such as the caterpillars and maggots called lar\ae, 
are >o different from their parents that they have 
to go through metamorphosis to at tain the adult 
form. Some do thi* bv un abrupt change; others go 
through an intermediate stage as pupa often en- 
closed in a cocoon spun bv the larva before trans- 
formation. Nee \MMVI. MM.DoM. 

fM.t.s.) 

Bibliography : H. E. Snodgra**-. Principles of In- 
sect Morphology, PUS; H. K. Snodgrass, f Text 
book of Arthropod Anatomy \ 1 95 2: P.-P. firas-e 
ted. i. Trait e rlr Zuologic. vol. 6. 1 1 >W. 

Arthus reaction 

An allergic reaction of the immediate hypersensi- 
tive type. The classical Arthur reaction in a sensi- 
tized rabbit iniected with the appropriate allergen 
is a localized skin reaction charai terized bv swell- 
ing tedema) and inflammation. This reaction ap- 
pears to differ from other immediate hvpersensitive 
states because 1 1 i larger quantities of circulating 
antibody are required for its elicitation, and »2* on 
passive transfer the recipient becomes immediate! \ 
reactive, without the incubation period required in 
passive transfer of anaphylaxis or atopv. The Ar- 
thus reaction begins quicklv after injection of anti- 
gen. develops over a period of hours, and mav reach 
its peak in 12 24 hours. If the reaction is Miffi- 
ciently severe, local damage to blood vessels mav 
lead to necrosis due to deficient blood *upplv ; 
this degree of damage is never seen in the case of 
the hive. Available evidence suggests that in the 
Arthus reaction, intravascular antigen-antihodv 
complexes or precipitates cause a greater degree of 
damage to blood vessels than can he accounted for 
by the activity of histamine alone. In a sense, this 
reaction occur* at a higher level of serologic activ- 
ity than do the anaphylactic or atopic responses, 
which require the combination of only minute 
quantities of antibodies and antigens in contiguity 
to tissues. The Arthus lesion may also occur ayv 
temkally rather than locally if the allergen finds 
its way into the blood stream in sufficient concen- 
tration. It is probably on this basis that certain sys- 
temic diseases of hypersensitivity, such as periar- 
teritis nodosa, occur. Srr Hvpkrsknsitivity ; Im- 
munology. |A.b.J 


Artichoke 

An herbaceous perennial [Cynara srolynut.u 0 ( 
Mediterranean origin belonging to the plant 
tier Cavnpanulules. The artichoke, also called g)„}, ( 
artichoke, is grown for its flower heads wlikli i n 
minate the main stem and lateral branches. '|'}, ls 
true artichoke should not he confused with the j r 
rusalem artichoke. HeUnrithus tuberosus, a HJf| 
flower Irearing edible tubers. Propagation of q„ 



Edible artichoke heads. Left head is cut vertically 
through center. (From L. H. Bailey, ed.. The Standard 
Cyclopedia of Horticulture , vol. », Macmilhan . 193? 

true artichoke i* bv sprout* from the rooMutk 
i rhizome i or bv root «liv i-imi. Two ivpr* pr «-<ico.i 
flute the Italian and the French. \ ton! I 

mate favor** he*t qualitv and high Meld* I Lit ^ • -• 
«>f the flower bud* begin* approximate! v ft n,.u»tb- 
after planting. (»encrnllv. cominen i,t! pUntii 1 .* 
are cropped f*»r lb \ear*. tialilorma i- tli« 
state producing arte hnkes in < nminrri i.illv ih»i*« • 
lant amount*. The total annual hum value «>t a." 
choke* m the I mied State* i* app»o\imu!c|v v’ 
800.000. Srr I VI t*; \u.l I Mil 1 MUiW.'Vi 

. u i « 

Articulata (Brachiopoda) 

A c|a*s of the (dtvbifri lira* luopod.i ti*uall\ dniil'ii 
into the orders Palaeotremata. Pmtiein.rt«i .uni 
Telotremata. Ibis da** includes the laigei ni!iril ,,, i 
of brachinpnd*. The \ulvr-* are di**intilui. 
oijs. and lock together bv means of a tooth .at', 
socket articulation. The lophnplmre ii*imIIv ha- !l ’ 
internal skeletal support. the lira* Iridium- lhci» .- 
no anal opening for the intestinal trait. IIuicj- *" 
opening, or foramen, in the ventral valve h*i 1 " 
pedicle. Of the 25 re< ngtii/cd *uperf;imilie*. -1 

whollv extinet. .See Bkai moron* : I > \h i i ff * 1 ' 1 ' 

: i h ' 

Articulata (Echinodtrmata) 

The only surviving subdhi** of Crinoidea. c ^ ,n ' 
tiated during Trias«ie time*. The calyx i* < j' ' ^ 
hut considerable reduction of the infraba^ ” ^ 
basal* may occur. The uni*erial arms 
nufes, usually brunch, and the arm retain- ^ 
able articulation with the radial plate. < jnfl , 
incorporation of the lower brachial * 




Melocrmus cyoneus. o living article... M crinoid 
iron. Bo» siroit, 200 lothonu. 

.hr , al\ x. F.xiant -talkril form* will. r>M rings of 
I \1rlm rinus I are in. luded in the order W 
rmiil.t. They do not tolerate turbulent waters and 
W at depths below current act.on. alth»uRh th.r 
»il! inhabit shallow water when the conditions are 
'iiitahlr. These form' may trail the stem ur ''' 

temporary (ree-swimming pha«es. using tu ‘ 

ior rrattachment. The leather stars, <> ’ r ,,r 
O'lnatulida, discard the stem when young, and 
'Walter remain free, either as swimming arum, 
or as -reeping benthic lorms. They pre er * • 

■War water, rich in nutrients, and there ore a mun 
"a I topical coasts and in polar seas rat er t ** 
temperate waters. Four other orders hare letn 
fined; one of them includes extinct floating 
be CWXOIDKA. , 

bibliography, A. H. Clark. Monograph o M 
Crinoidi. U.S. Natl. Museum Bull. B*., 

mr. 1950 . 

Artiodactyla 

order of hoofed mammal*, often called the e\en 
M ungulates, in which the axis of the foot P**-. • 
^ween the third and fourth toes. Most o 

hoofed mammals are artiodactyls for exam- 
^ Pigs, hippopotamuses, camels, tragtih s, 
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giraffes, pronghorns, sheep, goats, antelopes, and 
rattle. Whereas the perissodartyls reached the peak 
of their development in the Oligocenc and from 
then on declined, the artiodactyls were the domi- 
nant hooted mammals of later Tertiary and Recent 
timrv. They began to decline only within historic 
times as a result of the activities of man. More 
than 85 genera of living artiodactyls and nearly 350 
genera of extinct forms are known. 

Characteristics. In spite of their diversity, cer- 
tain features tend to he characteristic of artio- , 
dactyls, although it is difficult to find character 1 
that are absolutely diagnostic. Most typical is the 
mesaxonic foot structure, hut even this has an 
exception in the extinct anoplothcres, some ot 
which were three-toed. The third trochanter on the 
femur, present in perissodaclyls, is always absent 
in artiodactyls. The third and fourth metapodials 
often fuse to form a single “cannon” bone. The 
upper iii< isors tend to disappear, being replaced 
by a horny pad against which the chisellike lower 
incisors cut. The digestive system tends to be 
capacious ard complex for handling large quanti- 
ties of plant food. This trend reaches a peak in the 
ruminants, in which the stomach is four-chambered 
and food i- regurgitated after being broken down 
U bacterial action in the first two chambers. See 
Mm l>i KI-'MIN ANTS. 

Fossil record. Artiodactyls first appear in the 
fossil record in the Eocene as small generalized 
creature* scarcely distinguishable from primitive 
nsectisorcs or early carnivores. These were the 
paleodonts. and they probably include the true 
ancestors of the later artiodactyls. The artiodactyls 
underwent a great adaptive radiation into several 
evolutionary lines during the early Ternary. There 
was a great ded of convergent and parallel evnlu- 
•ion among arc dactyl stocks, and interrelation 
ships among t.> various living groups became 
dear onU after their histories had been traced back 
through the fossil record. The taxonomy of the 
Artiodactyla is exceptionally difficult. See Ammal 

Classification. The order is divided into three 
great groups, each showing a distinctive evolu- 
tionary trend. T be Suiformes are the most primi- 
tive Incisors and canines are of the primitive type, 
cheek teeth are bunodont: the stomach it ‘ «mp e 
and horns or antlers are never developed. In the 

, j ,y, P front ,n eth arc modified, with a 
lopoda .he front , eeth lend l0 be 

na „,ia the tee(h £ se ] e „odont ; ihe 

only the 
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anoplotheres, anthracothcres, cainotheres, and 
oreodont*. 

Tylopoda. The Tvlopoda, the camels and their 
relatives, have a long history separate from other 
artiodactyl stocks, tracing back to the beginning of 
the Tertiary. The surviving forms, the camels and 
llamas, are mere remnants of a once diversified 
stock. 

Ruminantia. The Ruminantia are the most spe- 
cialized. diversified, and successful of the Artio- 
dactyla. The ruminant stock traces back to the 
Eocene, but the major ruminant evolution took 
place during the middle and late Tertiary. Two 
main lines, the Tragulina and the Pecora, diverged 
very early. 

Tragulina. The Tragulina are primitive rumi- 
nants, represented among living mammals by the 
chevrotain or mouse deer ( T rag ulus ) of the Orien- 
tal tropics and the water chevrotain [Hyemoschus] 
of tropical Africa. These tiny antlerless deerlike 
creatures, standing scarcely 1 ft high, are isolated 
relicts of a group that flourished during the early 
Tertiary. About 30 genera of fossil tragulids are 
known. 

Pecora. The most primitive of the Pecora are 
the deer, which are obviously of traguloid ancestrv 
and probably arose during the Oligocene. The 
Asiatic musk deer ( Moschus ) , the most primitive 
of living deer, differs little from the early fossil 
deer. The most typical specialization of the deer is 
the development of bony antlers, which are shed 
annually, in males. Deer have been browsers rather 
than grazers throughout their evolutionary history, 
and the cheek teeth have remained low-crowned. 

The giraffes are essentially deer with greatly 
elongated leg** and neck and were obviou*ly de- 
rived from the deer, probably during the Miocene. 
Several Miocene and Pliocene' genera of giraffid*. 
with legs and neck of normal length, are known. 
The modern okapi, a forest-dwelling giraffid with 
short neck and relatively short legs, is strikingly 
similar to these ancestral forms. The rivafheres, an 
extinct branch of the giraffe stock, had massive 
oxlike bodies and were characterized by large 
ornate horns on the skull. 

The bovoids include the pronghorns, antelopes, 
gazelle*, sheep, goats, and cattle. These, the domi- 
nant artiodactyl* of the modern world, arose in the 
Miocene and underwent a bewildering adaptive 
radiation in the Pliocene and Pleistocene? The most 
characteristic feature of the bovoid* is the presence 
in both sexes of horns that are not shed. The stock 
was divided into two distinct lines from the begin- 
ning of its known history. In one, the pronghorns, 
the outer covering of the horns is shed annually. 
The pronghorns are unknown outside North Amer- 
ica. In addition to the living pronghorn i/lnti/o- 
copra), 12 genera of fossil antilocaprids are known. 
The remaining bovid* belong in the family Bovidae. 
in which there is a bonv unhranched horn core 
covered with a tough outer covering of horn, whic h 
is never shed. This family arose in Eurasia, prob- 
ably in the Miocene, and from there spread to 


other continents. No hovids reached Australia 0 , 
South America; a few (bison, mountain sheep, aiu j 
mountain goat) reached North America, hut the 
greatest influx was into Africa, where the hovids 
have achieved the peak of their evolution in ||„. 
enormous variety of antelopes, gazelles, and „\ n i 
roaming that continent today. 

Several hovids (cattle, sheep, and goats) vw*ir 
domesticated by man long ago. and in all except ii,«. 
most primitive societies they form one of the nn,vt 
important sources of food and fiber. See Alt no 
1MITYI.A FOSSII.S; Et TlIFKIA. [ n |>.|, > 

Artiodactyla fossils 

The artiodactvls. as the word implies, are the <-wn 
toed ungulate*. They arc mostly herliivunnj. 
though some are omnivorous. In this order are tin 
pigs, peccaries, hippopotamuses camels. chr\m 
tains, deer, giraffe*, pronghorn*, and bovine*, *\]| 
except the chevrotain* have good fo**i) reiunU. j*. 
do numerous furnilie* now extinct. Ten of the 2<> 
families recognized are still represented h\ li\ ing 
animals. The origin of the order i* not clear, hut n 
seems i?»o*l likelv thev came front early larniwue. 
primates, or cnndvlarfh*. Among the *malh-i ,nti 
odactvl* i* Hvpisodus of the North American Oh 
gocene; it i* no larger but more -lender than 
rabbit. Some of the largest urtiod.ictv I* an* Eli" 
cene and Pleistocene camels, giraffe*. *lirep Mini 
hi*on*. The artiodactvl fo-sil record i* good and f*«i 
the most part the families can be traced Inn h N 
Eocene ance*trv though numerous detail* need t*. 
he clarified h\ additional discoveries. 

The order i* characteuzed bv astragali will, 
hingelike joints at top and bottom i Eig. 1': Ice! 
with two or four digit*, the weight borne b\ th* 
third and fourth digits, the third and fourth rue* i 
podials elongate and fused or tending in that dim 
tion in most advanced suborder*, limn* when pn- 
ent are solid bone covered with *kin «*r with *i 
sheath, hollow* hone covered with a sheath, or ant 
lers that are shed annually. Molar* have niuncnui- 
modifications from low rounded cusp* to higli < u- 
centic crests ( Eig. 2): prermdars tend to retain .i 
simple pattern. 

The olde-t artiodactvls occurred in the earh I" 
cene of Europe and North America when the iii.un 
mulian fauna* in these region* were markedly alih»‘ 
These artiodactvls are among the smallest loim- 
have low -crowned primitive teeth, have four 1"'- 
in the feet and the t\pic§) artiodactyl astragal"- 
The late Eorene fossils Demonstrate rnnsiderahlc 
diversification. The earlidM genera. 8 of the 1 1 1,1 
Eocene families, are recognized from formation- “l 
that age. Of these onlv t h# camels (Camclidaei ay 
still living. The oldest $nd most primitive afti" 
dactyl family (DichohiinfMar 1 is confined to t »» 
Eocene; 7 furnilies bmime extinct in the Oligonn* 
and 5 in the Miocene. Of the 6 families that tna * 
the^r first appearance in! the Oligocene. the 
fSuidae) and peccaries fTayasMiidae) have 
representations. With the exception of 
vanred genera of camels and // \ pitot! ns (n>l" r 
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Fig. 1 ■ The even-toed, or paroxonic, foot of the artio- 
dactyls. The right hind foot of the early Miocene com- 
elid, Oxydacfy/oi /ongipe*, showing the astragalus 


f . 


> —jC 


(shaded; with its double pulleylike joints. (After O. A. 
Peterson , 1904) 



Fig. 2. The second upper molar of representative ar 
riodoctyls. ( a) An early Eocene dichobunid, Helohyus 
phcodon coffer W. Sinclair, 1914). \b> An early Mio- 
cene camelid, Oxydactylus /ongipes. 


traguhdae). all of the earlx and mo*t of i middle 
IVrliarx families retain low-c mwned cheek teeth 
and four *ep.i*.itc dii'd* in t lit- feet. The Miocene 
mark*- the appearance of familie* that are adapted 
to li\<* in tin* savanna^ and open gta**land*. Thc*r 
include the deer tGervidaei. giraffe* t i .irafhdae » . 
pmnghnrn* ( \ntilo« apridae I and *heep. g«»at*. an- 
telopes. rattle. and *o on t Boxidae I . Mo*t of tin*'*** 
later Terti.tix and IMeUtocrne artindaclx 1* haxe 
limns or antler* with xariou* moderation*: thr 
. Ii*»rk teeth are higher crowned. e*pnwillx the la*t 
molar*, ami the third and fourth metapodiul* are 
fused into elongate rannon hone*. 

The camel* are the rno*t widely distributed. 
Though thex originated and experienced nn»*t «»f 
their evolution in North America. some of them 
spread into K.urasia. \ f i i< a. and South America in 
the late Ceno/oie. The deer are al*o widelv dis- 
tributed hut thex did not get into \friea. Another 
furnil v. the extinct anthramthere* ( Anthracotheri- 
aide I . seemingly originated in southern A*ia and 
'■ventiiallv spread into Europe. Africa, and North 
America. For the most part, though, the artiodaetxl 
families tend to he restricted to one or two of the 
large land masses of the world. ] 

Asbestos 

V general name for the useful, fibrous varieties of a 
number of rock-forming minerals. The value of as* 
h'Mos ensues from the incombustible nature of the 
products fabricated from the various grades of min* 
♦’fal filters. Originally the term applied onlv to fine 
a| flphibole varieties. It is retained in usage in coin* 
meree even though 95% or more of production is 
^rous serpentine. See AMrinnm.i:; Skrpkntink. 

World production of asbestos from 1950 to 1955 
about 1.500.000 short tons. About 60 % of ihi- 
amount originated in the eastern Quebec producing 
ar *»: an eatimaled 15% in the Ashes* and adjac ent 


.mm* in the Ural*; and about 15"; of the total 
ro,n the various South African producing areas. 
Ml othe r area* account for the remainder. 
Amphibole asbestos. The traditional fine am- 

phi hole a*he*to* has high re*istance to attack by 
«n id*, and withstand* ignition to temperature* near 
1600 C. Best grade* approach a composition 
f-aAIg t (01|,,Si s (),.,. that of tremolite. Variable 
jnioiints of ferrous iron frequently enter this com- 
position in plac e of magnesium. Varieties contain- 
ing from a few per cent to about 15 2 0% ferrous 
iron are railed uctinojite. (J«<e of these fine xarieties 
i* now c on fined rnainh to filtrations. 

Other u*he*tiform amphibole*. when suflirientlx 
abundant, find certain limited usages. Anthophvl- 
lite. a riKigne*ium-iron amphibole composition 
(rnainlx magnesian). is mined in Georgia and Ala- 
bama. and comparable varieties hearing more 
abundant iron (amo*ite) are produced in important 
quantifies in South Africa (Fig. li. South Africa 
a l*u produces crocidolite. c»r Cape blue, a sodium- 
hearing. high-iron amphibole of adequate fiber 
length and arid resistance, hut of low temperature 
re*i*tanr»\ 

Other varietal amphibole®. such as grunerite. 
ric hterite. and edenite. are sometimes produc ed, 
often merely because thex are associated with more 
i nmruon materials. 

In addition to the amphiholes. fibrous occur- 
rence* of ‘•»*nio|ite. palygorskite. and probably 
• •tilers exist i .d could attract special interest. 

Serpentine asbestos. Fibrous serpentine, tisu- 
a 1 1 v chrx* ‘tile. Mg<Si a (OH ) |0:„ is mined in each 
of the three great producing areas. Fastern Quebec 
and. far as is knnivn. the A«best region in the 
Urals produce only rhrysotile: in South Africa 



Fig. 1. Amosite asbestos occurrence, Penge mine, 
Transvaal, South Africa, a. Hornblende asbestos (cross 
fiber), f. Banded ferruginous quartzitic slates, s. Soft 
shaly partings. (From A. M. Bateman , Economic Min- 
eral Deposits , 2d ed., Wiley, 1950) 
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Fig. 2. Asbestos bonds in serpentine bonds in dolo- 
mite, Sierra Ancha, Arizona. (Fro m A. M. Bateman , An 
Arizona asbestos deposit, Econ. Geo/., 18:663-683 , 
1923) 
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Fig. 3. Slock-<aving system, (a) Section through ore 
body, (b) Plan view showing one block, (c) Block-de- 
velopment section, (d) Block-coving section. (Albedos 
Fibre Division, Canadian Johns-Manvilte, Co., Ltd.) 


chrysotile production exceeds that of more* spivi.il. 
i/ed varieties. 

Asbestos is usually found associated with massif, 
serpentine bodies in olivene-rirh ultruhasi* rink* 
Kuril us duiiite and peridotite. In such rases. q H . 
chrvsotile characteristically occupies irregularis 
intersecting frarture systems in the host i„d 
These are presumed to he associated with rn<l||l 
arid intrusions into the older, basic host, ||\ 0 f| H . r 
instances, as in Arizona, it is found in *erpeiain 
i/ed dolomitic limestone in association with ijiahuv* 
sills (Fig. 2). The more frequent occurrence* in 
either t\pe of host are of the cross- fiber nririita. 
tion in which fibers lie perpendicular to the win 
wall*. Hip-fiber occurrence*, with fiber* oimiirj 
along veins, are less perfect and are not suitable 
for spinning. .See Skriu >tim r K. 

('hrv*o|ile is less and ie*d*tant than the arnphi 
boles, and i* subject to progressive* embrittlement 
on exposure to temperatures above K)0 .">00 (’„ Inn 
it* ax ailabilit > pet mils it to dominate the market. 

Mining and processing. Mining method'* .m 

based on hodilv removal of the host inch, and -id. 
sequent milling. Open-cast methods predominate 
but underground *v -terns are emploved. smirimw. 
even in initial stage*. An imposing block * avmy 
-\*tern ha* been developed in Canada. l»v whi*l, 
20.000- to 2:>,0(M)-ft block* are undercut *e\eu| 
humlred feel down, and progressively i.ived and 
loaded from the bottom • Fig. d ) . 

Milling operation* ,ue arranged, after prelum 
nar> sorting. to reduce the *i/e **f the gaugm ju** 
gie**i\d\ with * mx urrent • ollect u>n. tiben/in« 
and grading of fiber I be fib/on* serpentine i* -'i fb 
cientlx strong and tough to withstand reduction !’*■» 
ter than the brittle ho*t rock and i* collei led op 
screen* h\ \a* mini *v stern*. 

Fiber* are graded a* cording to length. lh«>-»* •»' 
1 in. or greater are used for text ill's; shorter fib 
er- are directed t«* b"*s demanding outlets. 

US6S. Fiber grade* aie spun into x urn mid 
woven to doth, either with or without au\»liai\ li 
her material, like cotton, gla** wool, or *«.pp»r 
wire. Brake linings. heav\ tun king* and ga*k»l* 
electrical insulating material*, and protector 
clothing require the best fibers. Medium 
shorter fibers go to make asbestos shingle*, -h'^ 
siding, pipe, floor tile. Ie* s erilical packing*' 
gaskets, paper, binders for other heal insiilat ,,rv 
and fillers for asphalt*, plastic*, paint*, and 
grejses. , 

Synthesis. Substantial f fforts have been direcK« 
to the , synthesis of asbe*to> fiber. (.hrv*olih 1,1 
been synthesized in its characteristic composition 
but the successful amphihole syntheses have w ,n 
those of the fluorine -bearing analogs of the aaiP 1 
hole composition, .such a* fluor-tremolite ^/ a - J* 
}\ SkOszK fliinr richteritc. and fluor-edenite. 
>vnthetie products are too short-fibered for P r< “ 
cal use. i 

llihliofiraphy: S. H. Do 1 bear ct 
duMria! Minerals and Rocks* 2d ed„ 
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Ascariasis 

\n infection of man l»y Asmris lumbrimitlrs var. 
hominis . a cosmopolitan nematode inhabiting the 
duodenum. In severe infections tin- worm is 4 in. 
| uf ig; i» light infections. up to 12 in. long. Tin* -•■- 
>r ritv of the inin lion rnav hr related to the pres 
t . n , p of a larger number of tin* smaller worms. The 
fnnale mav lay 200.000 eggs daily, and its pres- 
et* in the intestinal t rat i is thus ea-ilv revealed 
h\ microscopic examination of the feces. The egg 
mav ernbrvonute in 2 week- in soil and -lav alivr 
for months. When the egg- are invested, thev 
hufi’li. and the lar\a migrates to the pulmonur> ah 
veoli where molting on ur-. In 2 weeks it travels via 
trachea and esophagus to the duodenum, and he- 
romes an adult within 2 months. It lives about 1 
w\ir. 

.1. Inrnbrit niilrs also oemrs in apes. pig*. rattle. 


absent. Interlabia or other essentially euticular 
modifications are sometimes present in the ee- 
phalie region. Fight -uhrnedial cephalic papillae 
eonstitute the external circle; they sometimes 
nross|\ appear as 1. A lateroventral pair i* some- 
times present, making 10 externals. The buccal 
eapsule or stoma is often more or less rudimentary 
and weakly sderotized, sometimes vestibular or 
phaiyngeaJ in part and sometimes fairly strongly 
developed. The esophagus is grossly divided into a 
corpus, isthmus, and posterior hull), ft may be es- 
sentially evlindroid but consists of these three 
regions histologically ; each region is subject to 
variation in structure and degree of development. 

I he- intestine is simple oi may have one or more 
<eca. The excretorv system is either H-type or in- 
verted I’-tvpe. never with suhventral cells. Females 
are tvpicallv oviparous but sometimes viviparous; 
their reproductive system is complex with the 


sheej*. and -quilt el*. Mthmigh different -perifn 
names have been applied to some of these, the 
forms are morphologicallv indistinguishalde. For 
wonie time the question of whethei the pig :i-< ari- 
tin* *ame as the human u-caii- has been debated 
\, indicated, these two forms cannot be di-tin- 
studied morphologicallv. Ilowevei. thev are di- 
tin, I phv »iologjr< all - tu that the infective stag,, ot 
,,ne will not develop in the othei host, and vice 
u-is,i The pig a-cari- is refened to as i lunihn- 

, >,n(< x vai . suiim. 

\,ifio<is nonspecific intestinal troubles and aller 
reactions mav arise. The worm mav oirludeor 
pi-i fni ate the intestine, enter the bile passages nr 
.ippendix. and be vomited nr pa— mil via the anus. 
Oral administration of hevvln— nreinnl. piper.izinc. 

.,r ditbia/anine i- u-ed lor treatment. Sec \-i vki- 
aoimv. l'xii vsi mi o«,\. muh* it. 

' .1.1 .M \. I 

Ascaridida 

\ m.tior parasitic group of the ‘ lass Nematoda 

• •instituting an order of the class Pha-tnidia t Sc 

• n m*ntes 1 . ft include?* about 200 genera Some -pe- 
ril** arc <earcel\ visible; one attains a length of 
Tiglitlv more than 1 ft. Host* in* lmle veitrbiate*- of 
ill . lasses. inMTtH. and some other arthropods. The 
•lassifieation of the Nematoda and of this group is 
tint lived. Different Hematologists, or the same nem- 
Jtologi^t as his taxonomic views change, mav re- 
■garrl the same assemblage of species and genera a* 
'instituting an order, *ubordci. -tiperfamilv. or 
lamilv. Those who recognize this order divide it 
ii'tn two suborders. Ascaridina or \-cai idata and 
^hoirina or Oxvurala. They es-entiallv agree on 
’be "imposition of the ordet. but disagree on tin 
"^position of the resplVtive Miliorclcr*. The latter 
w npn valent to the A*curoidra or Ascaridoidea 
an, l Oxvtiroidra. respect ivrlv. in the prior sv stems 
“I classification that are most familiar to inediea 

'‘nd veterinary parasitologists. 

General morphology. Tvpicallv. there are * 
'1 K - rarely 2. sometimes 6 or more, or they may ^ 


vagina being muscular and elongate. The uteri are 
iiiu-c iilai and near the vagina. Males may possess 
2. I. or no copulatory spicules. The genital papil- 
lae. even if ‘hev are inelnded in the eaudal alae. 
lack musculature. Sometimes a prrcluacal sucker 
i- present. 

Life cycles, habitat, and distribution. The 

muioritv of the -pecie- have a direct life cvele. 
However, many specie** have an indirect life cycle 
in which thev require one kind of host (intermedi- 
ate nr scciuidurv » fni their early parasitic develop- 
ment and another kind ( primarv or definitive! for 
i heir development to sexual maturity. 

The adult'- parasitize the stomach and -mall 
oi large intestine. The larval forms of some species 
with a direct life cvele are not eon fined to the di- 
gestive tract. Thev invade main other parts of the 
l.od\ of both lefinitive and “abnormal” hosts. In 
intermediate h '-is. infective-stage larvae of species 
with an indirect ife cvele are usuallv located in the 
me-enteiies. musculature, or subcutaneous tissues. 

These wot »ii- are cosmopolitan in their distribu- 
tion and oi cur wherever the terrestrial or aquatic 
animal- that serve as ho-ts live. 

Pathogenesis, l ittle i- known about the damage 
raii-ed hv the numerous species that parasitize wild 
animals. Some -pecie- that occur in man and some 
that parasitize dome-tic animals can severely in- 
line their ho-ts; others are le-s pathogenic. Sec 
\s< VKlIlOtUKA ; OXYl’ROIDF.A. 


Ascaridina 

The Waridina or Ascaridata constitute a major 
group of ths rlas;- Nematoda. Thev are one of two 
* u |„, r de r s of Ascaridida. In one modem system of 
clarification. it has essentially the rompoMl.on and 
characteristics outlined under Ascar.doufca In an- 
other. it also contains certain groups (Hcterah.- 
aL ('.osmorercidae. and Kathlaniidael. which the 
J i svstem assigns ,o the suborder Oxyunna. .See 
Am-wupio\; Asra.ino.DE*; OxvnttNA. 
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Ascaridoidea 

A large, prevalent group of parasitic roundworms, 
also known as the Ascaroidea, of the class Nema- 
tode. For convenience, this group is treated here as 
a superfamily and includes the families Asraridi- 
dae and Anisakidae or Heterocheilidae. About 65 
genera have been placed in it. Definitive hosts in- 
clude terrestrial and aquatic mammals, birds, rep- 
tiles, and fishes. The adults usually occur in the 
stomach or small intestine; the parasitic larval 
stages of many species occur, either temporarily 
or indefinitely, in other parts of the host's body. 

General morphology. These roundworms are 
mostly medium to large thick-bodied Ascaridida. 
Most species have three large lips with interlabia 
and other cuticular specializations sometimes pres- 
ent in the cephalic region. Eight incompletely 
fused submedian cephalic papillae are located on 
the external circle and a lateroventral pair is pres- 
ent. The buccal capsule is usually more or less 
rudimentary. The esophagus is more or less cylin- 
droid, sometimes wholly muscular, and sometimes 
terminates posteriorly in a glandular ventriculus 
with or without an appendix or appendices. The in- 
testine sometimes has an anterior cecum or ceca. 
Females are oviparous, sometimes with more than 
two uteri; the eggs are generally more or less 
spherical and thick-shelled. Males have two spic- 
ules but rarely caudal alae or a precloacal sucker. 

Life cycles. Many species have a direct life 
cycle. Others, mainly species that mature in marine 
mammals, birds, and fishes, require an intermediate 
host, such as a fish, amphibian, insect, crustacean, 
or small mammal, and a definitive host for comple- 
tion of their development. Their distribution is cos- 
mopolitan, and they are the causative agents of 
ascariaais or ascaridosis. the disease caused by as- 
carids in man and domestic animals. Infestation is 
typically characterized by pulmonary damage and 
distress initially and digestive disturbances later. 
Damage may also occur in other parts of the body, 
including the liver and brain (visceral larva mi- 
grans). 

Common ascaridt. Ascaris lumbricoidts , the 
large roundworm of man, has a life cycle similar 
to that of A . suum. Infestations are very common 


in tropical and temperate regions where sanitation 
is poor or lacking. These worms often are as big rtH 
an ordinary pencil. 

Ascaris suum , the pig ascarid, usually is (on , 
sidered distinct from A. lumbricoides , mainly on 
the basis of biological criteria of speciation. The 
eggs of this worm pass with the pig's manure onto 
the ground where they develop until each con- 
tains an infective larva. Such eggs batch in the gut 
of a pig that swallows them. The liberated larvae 
penetrate into the intestinal wall, enter the blood 
stream, break out of capillaries into the air spans 
of the lungs, and, via the trachea, reenter the gut 
where they develop into adults. In a mouse, the 
same larval migration occurs, hut the rest of the 
cycle is not completed. 

Lung damage from the larval invasion may load 
to a fatal pneumonia in young pigs. Reportedly, 
the stress of this damage can cause hog cholera 
virus to become pathogenic. This virus is ordi- 
narily present in an innocuous form, in nematodes 
of the genus Metastrongxlus that commonly infest 
the lungs of pigs. Intestinal infestations cause un- 
thriftiness. 

Ascaridia galli, the large intestinal roundworm 
of chickens, can cause intestinal blockage and 
death, if the infestation is heavy; lesser infesta- 
tion* stunt growth and interfere with good hone 
development. The life cycle resembles that of A 
suum. except that migration of the larvae in the 
host is restricted to entrv into and emergence from 
the intestinal wall. Turkeys aNo are subject tn 
infestation. 

Toxocara ranis. one of the common ascarid* of 
dogs, is very injurious to young puppies; heavy in 
festations can oau«e death. Its life cycle is like that 
of A. suum , hut infection can also occur prenatalh. 
or if a dog eats a rat that has encapsulated T 
ranis larvae in its tissues. See Nfmatoda. 

fj.T.L i 

Ascaris 

The common roundworm, or large roundworm, a 
genus of the class Nematoda. phylum Aschelniin- 
thes. It i» considered the typical form among the 
parasitic roundworms. One species is an important 
parasite of man. 


Soma othor Aocartdoldoe of domesticated mammals and birds In the United States* 


Name Hostf Remarks 

Toxocara tali Cat Occasional parasite of man; Toxocara larvae can 00 use human visual larva 

migrans; cats can become infected by eating midp with the larvae in * 
tissues 

ToxaMcaris leonina Cat, dog Occasional parasite of man; normally develops Without passage of larvae 

through the lungs l •#«•««*• 

Neoatcaris tikdorum Cattle Not generally distributed; infestations are injurious to calves; mieciio 

prenatally, perhaps exclusively . - . .j onS 

ParaMcarU cquorum Horse Larval migration of tracheal type damages liver and lungs; heavy inies 

sometimes fatal to foals 

Aacaridia eobtmbae Pigeon Heavy infestations can cause anemia, droopiness, and diarrhea 

Aacaridia diuimili $ Turkey Exact information on pathogenicity not available 


* AO have a direct life cycle. f Some of the species also occur in other hosts. 




Ascaris is widely studied in biology classes be- 
cause ita structure is representative of the simplest 
of the triploblastic animals; it is large enough to 
dissect easily; and its life history is considered 
typical for the large and important group of para- 
sitic animals in the phylum Aschelminthes. 

Morphology. Ascaris lumbricoides . the form par- 
asitic in man, is one of the largest of the nematode 
worms, adults varying from about B to 14 in. in 
length. Females are somewhat larger than males. 
In superficial appearance Ascaris resembles the 
common earthworm, but it is not segmented, and 
lacks the other external specializations of the 
earthworms. 

Ascaris has a terminal mouth, a short, muscular 
sucking esophagus, a long, thin-walled and non- 
muscular intestine, and a terminal anus. Theie is a 
pair of excretory tubes, one on each side, and dor- 
*al and ventral nerve cords. The thin-walled epi- 
dermis is covered by a layer of cuticle. Muscle cells 
make up the hulk of the body wall. The body cav- 
il \. a pseudocoelom because the intestine is not 
,-overed by mesoderm, is occupied by the intestine 
and the reproductive organs. 

In the male there is a long, much-coiled repro- 
ductive system, beginning with the small, solid 
lest is. expanding ic.to a larger, tubelike vas def- 
erens. and further enlarging into the seminal vesi- 
»Ie for the storage of sperm. There is a short ejacu- 
laforv duct opening near the anus, and two penial 
spicules which aid in attachment to the female dur- 
ing copulation. 

The female reproductive system opens about 
one-third of the wav back from the mouth into a 
diort. single vagina. This branches into a Y-shaped, 
paired system beginning on each side with a large 
uterus for the storage of eggs, a somewhat smaller, 
much-roiled oviduct, and a long, coiled ovarv. The 
female Ascaris may produce 200,000 eggs a dav for 
extended periods of time. As many as 27.000.000 
egg* have been found in the reproductive system of 
female at one time. 

Life cycle. Eggs pass onto the ground with the 
feces of the boat and develop into small worms 
within the ahell in about 2 3 weeks if the soil is 
"arm, moist, and shady. At the infective stage they 
"ill continue development only when ingested by 
the proper host. They differ from many parasitic 
animals in having a single host cycle. Eggs from 
the species infecting man must be swallowed to de 
v dop. The eggs hatch in the intestine, and the mi- 
nutc larvae burrow through the intestinal wall into 
the circulatory system where they make their way 
‘nto the heart, and from there to the lungs. They 
Pi Pirate the lung membranes, are coughed up. 
and swallowed. Only after completing this migra- 
'•on, which requires about 10 days, are they ready 
to attach to the intestinal wall of the host and de- 
Vf |°P adults. 

Infestation* The principal danger from Ascaris 
tn testations lies in the damage done lo the lungs 
nring the developmental migration. Heavy infes- 
•'tons of 100 or more may result in intestinal oh- 
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struction. In very heavy infestations some adults 
may leave the intestine and invade the liver, ap- 
pendix, bile ducts, and nasal passages. Penetration 
of the embryonic membranes in the pregnant fe- 
male sometimes occurs, resulting in the birth of 
babies with Ascaris infestations. 

Ascaris is not as common as formerly because of 
improved sanitary practices, but still occurs in 
rural communities where sanitation is inadequate. 
In the United States it is most common in the 
Southeast. Several vermifuges are successfully 
used in the treatment of this disease, which is re- ’ 
ferred to as ascariasis. 

Species quite similar to Ascaris lumbricoides oc- 
cur in the horse and pig, but each form is mono- 
specific. Related species occur in large numbers in 
many other mammals, and in other vertebrates. See 
Aschelminthes; Ascaridoidea. [j.d.b.] 

Aschelminthes 


A heterogeneous phylum of small to microscopic 
wormlike animals. They are pseudocoelomate, 
mostly unsepmented, and covered with cuticle. The 
digestive trad is complete, the intestine usually 
straight and without a muscular wall, and the anus 
at or toward the posterior end. Some of the five 
classes were earlier considered to be separate phyla 
or joined with other animal groups. None has cilia 
anteriorly except the rotifers. 

Class Rotifera. the rotifers, are under 1 mm long, 
with a trunk and tapering tail that may have adhe- 
ive “feet.” An anterior disk bears cilia that beat 
in wheellike manner for locomotion and feeding. 
The 1300 species mostly inhabit fresh waters. Males 
are minute or unknown. Females reproduce par- 
thenogenetirallv in summer; then a sexual stage 
results in resistant overwintering eggs. See Ron- 
rr.RA. 

Class Cast rot* i ha comprises 200 fresh-water and 
marine species up to 0.60 mm long of slender ani- 
mals having a rounded spiny dorsal surface and 
flat ventral side with two lengthwise rows of cilia. 
See Gastrotricha. 


Class Kinorhyncha (Echinodera) includes 30 ma- 
rine species up to 1 mm long. The head is of two 
spiny ring segments, and the body has eleven seg- 
ments, .SYe Kinorhyncha. 

Class Nematoda (Nemathelminthes) includes the 
roundworms that range from microscopic size to a 
few exceeding 1 in. Tbe slender body often tapers 
.► the ends, is covered by tough cuticle, and con- 


tains lengthwise muscle bands that flex but do not 
lengthen the body. The sexes are separate. Many 
of the 12.000 species live in soil or fresh water, 
and the others are parasites of plants and animals. 
Some of the latter are of great economic impor- 
tance, such as the soil nematodes which attack 
plants and the hookworms, trichina worm, filarias 
and many intestinal forms which attack man and 
domestic animals. See Nematoda. . 

Class Nematomorpha contains 80 kinds of thread- 
like “horsehair worms." 10-300 mm long. The 
aquatic larvae enter bodies of insects, to escape 
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later as adults having the digestive tract closed or 
degenerate (see Nematomokpha) . .See also Pseu- 
docoelomata. 0.1.9-] 

Ascidiacea 

A large class of the subphylum Tunicate. These an- 
imals have a tadpole larva which shows a clear re- 
semblance to those of certain vertebrates, hut the 
adults are sessile. The tunic contains cellulose, the 
gut is usually strongly recurved, and an atrial cav- 
ity is present. Oral and atrial apertures, for water 
intake and expulsion, rarely occur at opposite ends 
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Semidtagrammatic view of left iWt of zooid of the 
colonial ascidian Perophoro (tunic, mantle, and an- 
terior wall of the pharynx removed from the left side). 
(1) Oral aperture; (2) tentacles; (3) peripharyngeal 
groove; (4) stigmata; (5) endostyle; (6) transverse ves- 
sel of pharynx; (7) dorsal languet; (8) esophagus; 
(9) stomach; (10) mid-intestine; (11) intestinal loop; 
(12) anus; (13) atrial cavity; (14) atrial aperture; 
(1 5) brain or dorsal ganglion; (16) neural gland; (17) lobe 
of testis; (18) ovary; (19) spermatic duct; (20) oviduct; 
(21) tunic; (22) mantle; (23) voscular stolon connecting 
members of colony. 


of the body. The pharynx is often much enlarged, 
forming a vascular sieve for feeding and respira- 
tion. Simple or solitary ascidians such as Ascidia t 
Ciona , and Molgula reproduce only sexually; colo- 
nial ascidians like Botryllus, Perophoro , and Synoi 
cum reproduce sexually and also by budding. See 
Tunicata. Td.p.a.] 

Bibliography : W, G. Van Name, The North and 
South American Ascidians, Bull. Am. Museum Nat, 
Hist., voL 84, 1945. 


Ascoiichenm 



A major class of the Lichenes characterized by the 
production of an ascus. This class comprises the 
orders Pseudosphaeriales (lichenized), Hysteriales 
(lichenized), Pyrenulales, Lecanorales, and Cali- 
dales. The aaci are very similar to those of the 


nonlichenized Ascomycetes, especially the H<*lotj 
ales and Sphaerialea. There are three types of n Sro . 
carps: apotheda in Lecanorales and Calina| Ps 
perithccia in Pyrenulales, and hysterothecia in 
Hysteriales (lichenized). There are also asr ih 
locular ascocarps in the Hysteriales ( lichenized) 
and Pseudosphaeriales (lichenized). Lichen asm. 
carps are persistent and produce viable spores f or 
many years. Pycnidia (spermagonia ) and microco. 
nidia are found in all groups. A characterimi, 
feature of the Asrolichenes is the frequent oreur- 
rence of isidia, sored i a. and other unique mean*, of 
vegetative reproduction. Asexual con id ins pores, 
common in the Ascomycetes, are virtually non- 
existent in the lichens. There are between 16.000 
and 18,000 species distributed in the 5 orders with 
more than 60 families and 250 genera. Srr Caiiu. 
ales; Hysteriales < lh.henized) ; Lkcanorai.f.s, 
Pseudosphaeriales (lichenized); Pyrenulales- 
see also Ascomycetes. Iw.e.hJ 

Ascomycetes 

A class of fungi of the subdivision Eumvcete*. IV 
distinguishing feature of the Ascomycetes is the 
cus, a specialized sporangium in which reduction 
division occurs and in which asrospores arc delim- 
ited by free-cell formation. The Annum ret es an 
important as plant pathogens (peach leaf curl, 
powdery mildews, brown rot. apple scab. Hutch elm 
disease, chestnut blight, ergot), as human patho- 
gens (aspergillosis), as food (truffles, morels i. in 
baking, brewing, and wine making (yeast*-}, m 
cheese making IPeninlfium ramemherti , P. toque 
forti), in enzyme production ( Aspergillus nrrznr 
and as sources of such drug*, as penicillin (P 
rhrysogenum) and ergot I Clavireps purpurea \ 
See Aspergillosis; Penicillin; Plant disease. 

The vegetative body may he unicellular <>easl-» 
or composed of filaments with cross walls. Nonscu 
ual reproduction is by budding, fission, or conidiH 
(unicellular or multicellular spores home exposed 
on conidiophnres ) . In yeastlike Ascomycetes, sc*, 
ual reproduction involves fusion of vegetative crib 
or asms pores which function as gametes; gamete 
nuclei fuse immediately, and in some species, dip 
loid nuclei divide mitotirally. In higher Ascomv- 
cete.s, an antheridium, a spermatium, or a conidium 
fuses with a specialized female sexual organ fa* 
oogonium ). and a binuclegte stage intervenes be- 
tween pairing of nuclei in the asrogonium and nu 
clear fusion in the asms. Lawer Ascomycetes la«k 
fruiting bodies (ascocarps); the higher form asn 
in ascocarps. See Eumyce^es; Yeast. [n.M.i' l 

Bibliography : C. J. Atyxopoulos, Introductory 
Mycology , 1952. 

Ascorbic acid 

A vitamin also known as fitamin C. It is « 
crystalline compound, highly soluble in wa cr 
which is a stronger reducing agent than the 1 xo "_ 
sugars which it resembles chemically. Vitamin 
deficiency in man has been known for crnl,, ”*j i 
scurvy. The compound has the following stru 
formula; 
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Ascorbic and 

The stability of ascorbic arid de, re a ^. witi, in 
i-reasieH in temperature and pH. This deduction 
|,v oxidation is a serious problem in that a 
siderable quantity of the vitamin C 
Most during processing, storage, and preparation 
Biological me hods for estimating ascorbic arid 
are rarely used. The vitamin is determined chemi- 
rally bv making use of its reducing properties 
While vitamin C is widespread in plant materials 
« IS found sparingly in animal tissues Of a | ( ^ 
animals studied, only guinea pigs and the primates 
including humans, require a dietary source of Ota- 
min C The other species studied are . apal.le of 
swilhesmng the vitamin in such tissues as liwr and 
kidneys. Some drug*, particularly the terpenelike 
rw-lu ketones, stimulate the production of as.orbic 
arid In rat tisMjrs. 

Vitamin Cdeficient animals suffer from defects 
in their mesenchymal tis*ues. Their ability to man- 
ufacture collagen, dentine, and osteoid, the inter- 
■ ellular cement substances, is impaired. People 
Sith scurvy lose weight and are easily fatigued. 
Their bones are fragile, and their joints sore and 
•wollen. Their gums are swollen and bloody, and in 
advanced stages, their teeth fall out. They also 
dcMop internal and subcutaneous hemorrhages. 

I he biochemical role of ascorbic acid i* obscure. 

It seems reasonable to expect that it functions 
mrtabolically in oxidation-reduction systems, since 
" ha " ‘ ? een sh,,w » ascorbic acid and dehvdro- 
ascorbic acid are readily interconverted in plant 
and animal tissues. It may also act as an anti- 
nxidant. protecting hydrogen carriers front destrut - 
fnp oxidation. Ascorbic acid has a role in tvrosine 
metabolism. It also appears to function in the ron- 
rsion of folic to folinir acid I .tee Fttt.ti acid - 
*'R0S|NE|. 

There haa been great difficulty in establishing 
e human requirements for vitamin C. (Vitaliy, 
f'^ni requirement* are based on data obtained 
J" "Wily survey a accompanied by blood or 
is n * ana ' y * c * an ^ bv saturation tests. There 
re V * ence # ^ a * vitamin C may play role.* in stress 
Thfrl^ 111 ’ * fl ^ er ** oua di»eaae* or in wound healing, 
man i tT many n,Jlrllioniat * believe that the hu- 
more A* e tW!or ^* c ac *d should be many times 
t 0ln , tn ™ a * Pf°ducea deficiency symp- 

TL 

y ood\ dietary allowances of the 

^arch r , 1 tri,ion Board of the National Re- 
3*ni 0nf L ! u ? ,ci * vaf y from 30 mg per day for 1- to 
' h *<» 75 m« per day for adults and 
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represent un hitake whhh'r 8 T" 1 *"’ These v « Iu es 
ami Plasma concent™ ! H nds ‘° main,ain tis 8ue 
'hat of other well m ■ "u “ ra,, * e simi, «r to 
The AccesM? rv L? T P Ur,shed of animals. 

Hrit.sh Mcdii al Ketarch C S Su !?r ,,ni,tee o{ »be 

'hat a dietary t C , < ' 1 does not believe 

' ,a ; hraeficiai effects. ll^VnAw" ^ ^ T ^ 

Industrial production vr, [s.n.c.] 

large-scale sy„, £“!,!/ . M< prw “ the 
method prt.posed l,v T f » - C u rb,C a ° ,d foll,,w ‘He 
trose is Ldr V i ‘ Rel, hstein - Technical de*-. 

" ! ; The next „ 

gulosonic a ,id n iar * Ch ‘ S °* ,dized diacetone 
dndvxed t . , t . etone gulosonic acid is hy- 

l.tler i .a"!!' dTi?t af id j The me,h y 1 ester of the 

Ascothoracica 1 

tzt::! t ;t!r, ■»*» 

e."-le„i„,„ X>Tre Xuu'chid 

I Jtes and i.s bivalved or saclike The thn 
rac.c appendages numbering six or less'. are often 
rudimentary. and an abdomen is presence 

3“fC rt ; r T diM f,,r ,,r smk 2l 

e antennules are sometimes modified for 

and \ m ' B,a " d> 3re lacking - The ^gestive 

and reproductive systems have diverticula which ex- 

tend into the mantle. The sexes are usually sepa- 
rate with males of smaller size than females. The 
na.ipln are without frontal horns. .See Cirripedia 
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Baccalaureus japonicus Broch, female (Ascofhoracica). 
(o) Wifhin carapace. ( b ) External view, right valve re- 
moved. (c) The actual body isolated, left view, (d) In- 
ternal anatomy. (From M. CauUory, Parasitism and 
Symbiosis, Macmillan , 7952) 

Although some investigators have removed this 
order from the Cirripedia. the occurrence of a cy- 
pr is stage and the position of the genital openings 
show that they are more closely related to the Cir- 
ripedia than to any other subclass of Crustacea. 
Many species occur at great depths; others appear 
to have a limited distribution. [d.p.h.] 
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Asetkvta 

A suborder of the Isopoda containing aquatic spe- 
cies of considerable morphologic and ecologic di- 
versity. This group of crustaceans Is usually divided 
into three major groups. (1) The Paraselloidea 
contains asellotes in which the first pleopods of the 
male are coupled along the midline and articulate 
with the second pleopods to form an operculum 
covering the other pleopods. The first pleopods are 
lacking in the female, and the second pair are com- 
pletely fused to form an opercular covering for the 



(o) A sotius communis; ( b ) Jaera marina. ( From H. S. 
Pratt , Manual of the Common Invertebrate Animals , 
rev. ed., McGraw-Hill, 1951) 


other pleopods. (2) The Aselloidea comprises most 
fresh-water asellotes. No operculum is formed in 
this group, and the first pleopods of the male are 
entirely separate from each other. (3) The Stene- 
trioidea consists mostly of tropical marine forms 
in which the first pleopods of the female are fused 
to form a small operculum, and the male first pleo- 
pods. though not articulating with the second pleo- 
pods. are fused along the midline. 

Asellotes such as Asellus are found in fresh-wa- 
ter streams: Caecidolea . in subterranean water; 
Caeioniropsis , in the interstices of marine sands as 
commensals with other isopods such as Caeci jaera 
and Jaera and in shallow waters of the seas; and 
Macrostylus , in the greatest depth of the seas. See 
Isopoda. [r.j.m.] 

Ash 

A genus, Fraxinus , of deciduous trees of the olive 
family Oleaceae, order Gentianales, which have op- 
posite. pinnate leaflets, except in one species, F. 
anomala , which has only a single leaflet. See Cfn- 
teanales. There are about 65 species in the North- 
ern Hemisphere. This tree occurs in America south 
to Mexico, in Asia south to Java, and in Europe. 

The white ash, F. americana , of the eastern 
United States, is the most important species, and 
attains a height of 120 ft. This species has stalked 
leaflets, rusty-colored winter buds, and an erect 
trunk that is valuable for lumber. The wood is 
light, strong, but flexible, and is used for oars, base* 
ball bats, furniture, motor vehicle parts, boxes, bas- 
kets, and crates. About 100,000,000 board ft of 
ash are cut annually, probably 40% of which is 
white ash. F. nigra . the black ash, (prows 75 ft in 



(a) White ash, Fraxinus americana. (b) Red ash, F 
Pennsylvania, (c) Black ash, F. nigra, (d) European 
ash, F. excelsior. (From A. H. Graves, Illustrated Guide 
to Trees and Shrubs , rev . ed.. Harper, 1956 ) 

height in wet soils in the northeastern United 
States and Canada and has sessile leaflets and fri- 
able outer bark. The wood of black ash is used f»»r 
the same purposes as that of white a*h. The red 
ash. F . pennsylvanica , also in the eastern United 
States and adjacent Canada, grows to 60 ft and ha^ 
pubescent (hairy) twigs and leaf stalks. The 
of the wood of this species are also similar to those 
of white ash. Some species of ash are ornamental 
trees, such as F. ornus , the flowering ash with gra> 
winter buds and white flowers, and F. excelsior . 
the European ash with black buds and sessile leaf- 
lets. See Forest and forestry; Tree. [a h.*:. i 

Asia 

The largest of the world’s continents. With its p f, n 
insular extension, commonly called the continent of 
Europe, it is the major portion of the broad east- 
west extent of the Northern Hemisphere land 
masses. In many ways Asif is more a cultural con- 
cept than a physical entity. There is no logics 
physical separation between Asia and Europe, and 
even Africa is separated irom Asia merely by tne 
width of the Suez Canal. FW convenience, however, 
the Eurasian land mass is considered to be divide 
by the Ural Mountains , into Europe in the 
and Asia in the east. Thus restricted, Asia has an 
area of about 17,700,000 mi 8 or about one-third oi 
the land area of the earth. In the north.. Si 
reaches past the 80th latitude. Southward, n 1 



and Ceylon reach nearer than 10°N of the Equator, 
while the Indonesian islands extend more than 10°S 
of the Equator. The continental heart of Asia is 
more than 2000 mi from the nearest ocean. These 
vast distances have great significance in the cli- 
mates and vegetation of Asia and thus in the ero- 
sional and depositional patterns of the land. See 
Continent; Eijroimc. 

In the geologic history of Asia, the displacement 
of the earth’s crust over its underlying, supposedly 
weak and viscous, plastic layer may be credited 
with the compression of parts of the crust, produc- 
ing folded mountains, and with the stretching of 
other parts of the crust, creating fractures and ini- 
tiating volcanism. The results of these processes in 
Asia are evident in the arcuate chains of volcanic 
islands running from Kamchatka through Japan, 
Taiwan, the Philippines, and Indonesia, and in the 
folded sedimentary skyscrapers of the Himalaya 
and other great young mountain system** of Tibet 
and Siberia. Asia also has some of the oldest rocks 
in the world. Ancient Precambrian rocks underlie 
the )outhfii! sedimentary veneer of the Arabian and 
Indian peninsulas. Similar massive crystalline rocks 
dating back to the earliest eras underlie much of 
Tibet, the Gobi region, and southeast China. See 
Orogeny. 

Mountain Cttains. In the topographic framework 
of Asia, the great mountain s\ stems are the most 
impressive features. From the central knot of the 
mighty Pamirs and Kopet Dagh in the heart of the 
continent originate chains radiating in several 
directions. In the Peter the First Hange there are 
such heights as Stalin Peak. 24.584 ft. and I.enin 
Peak. 23.377 ft above sea level. Running westward 
through Afghanistan is the Hindu Kush, reaching 
clc\ations over 20.000 ft. The mountain trendline 
continue*, after a jog northwestward, in the Elburz 
of northern Iran and thence in the Armenian high- 
lands and the Caucasus, each with elevations reach- 
ing 18.000 ft. decreasing thereafter to the Pont us 
and Taurus ranges of northern and southern Tur- 
key, In western and southern Iran are the massive 
Zagros and Makran ranges. 

Southeastward front the Pamir knot run the three 
most imposing mountain chains on earth: the Kara- 
korum. which continues the line of the Hindu Kush 
eastward in an arc convex to the north: the Hima- 
la\a in an are convex to the south; and the shorter 
Trans-Himalaya, or Nyen-chen Tangla north of the 
Himalaya, with higher average elevations but peak r 
f d lesser height. In all of these, the average eleva- 
lions exceed 4 mi. with several scores of peaks 
caching a height in excess of 25.000 ft above sea 
kvel. Everest, 29.141 ft, and Kinchinjunga, 28,146 
lie in the Himalaya, while the peak designated 
tts K 2 . 28,250 ft, rises in the Karakorum. The few 
Paws range between 14,000 and 15,000 ft. although 
Karakorum Pass lies at 18,317 ft. 

In eastern Tibet the Himalaya and Nyen-ohen 
Tangla bend sharply toward the south, and the for- 
mer is cut through by the gorge of the Brahmapu- 
tra River. From the bend zone, great ridges divided 
ny deep gorges run south to form the Burma-China 
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frontiers and the mountain backbones of the Malay 
peninsula and Vietnam. The Nan-ling system of 
south China diverges eastward to divide the Yang- 
t/.u ( Yangtze) from the Hsi (Si) drainage. 

From the western Himalaya, the 11,000-ft Sulai- 
man Range runs south and together with the 
Kirthar Range divides West Pakistan from Af- 
ghanistan. 

Beginning at heights over 20,000 ft and branch- 
ing off from the Karakorum south of Kashgar, the 
Kuen-lun Mountains run eastward across western 
China. Ccnetically they form the longest mountain 
system of China. With their eastward extensions 
in the 12,000-ft Ch’in-ling and the lesser Ta-pieh 
mountains and Huai-yang hills, they reach almost 
to the Pacific. Together with the northeastward arc 
of the Altyn Tagh and the Nan Shan branching 
from it. the Kuen-lun forms the northern wall of 
the Tibetan plateau. Near the eastern end of the 
Kuen-lun proper lie the Amne Machin Mountains, 
with peak** up to 25.000 ft in elevation. 

Northeastward of the Pamir knot runs the east- 
west oriented T'icn Shan, over 1000 mi long and 
maintaining heights of 18.000-20.000 ft over much 
of its length. Roughly parallel and trending east 
and west is a series of great ranges to its north, 
with mutual connections in the west. These include 
the Altai-Sayan, the Tannu Ola, and the Kentei. 
which form natural boundaries for Outer Mongolia. 
They continue the systems of young mountains 
crossing central Asia; farther northeast, they ex- 
tend further in the Stanovoi Mountains of eastern 
Siberia. 

Plateau lands. Asian plateaus are in various 
Mages of erosion and thus present a great variety 
of landscape**. The Tibetan plateau is a prime ex- 
ample. The western half, because of little rainfall, 
exhibits a idling topography with relatively slight 
local relief except where mountain chains cross it; 
it is a land of internal drainage basins. Average 
elevations are over 16.000 ft. The eastern half is 
humid or subhumid and is cut by numerous rivers, 
producing deep canyons and great ridges. In con- 
trast to this is the Mongolian plateau. This plateau 
consists mostly of vast, rather level plains 3000- 
5000 ft high surmounted in places by mountains 
and containing broad, shallow basins divided by 
land swells of low elevation. 

In addition to these plateau lands, eastern Asia 
has the subhumid loess plateau of north China, the 
humid Yun-nan at,d Kuei-chon plateaus of south 
China, and the Kaima plateau of northern Korea. 
The central Siberian plateau occupies the huge 
area north of Lake Baikal and between the \encsei 
and Lena rivers. Eastern Siberia has many plateau 
lands surmounted in places by mountain chains. In 
the desert lands of Soviet Central Asia between the 
Caspian and Aral seas lie the Tertiary plateaus of 
Ust Urt. less than 700 ft in elevation, and the Bet- 
Pack Dala or northern Hungersteppc. 

In southern Asia most of peninsular India is a 
plateau bloc which tilts down to the east and is cut 
by numerous rivers emptying into the Bay of Ben- 
gal. This plateau has fairly level plains in the cen- 



Fig. 1 . Physical map of Asia. This confers on the great 
continental interior, but leads to a study of peripheral 
character and relations with bordering global features 
of Africa, the Mediterranean, peninsular Europe, and 
the borderlands toward the Indian and Pacific Oceans. 
Note the north polar proximity of Eurasia to North 
America in Greenland, the Arctic islands, and Alaska. 
(Drown by E. Raisz> 
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trai portions of the Deccan. Southwest Asia is com- 
prised mostly of plateau lands. Thus, virtually the 
whole Arabian peninsula is u great plateau tilted 
down to the northeast and separated by the alluvial 
valleys of the Tigris- Euphrates from the high Ira- 
nian and Anatolian plateaus. The latter two pla- 
teaus support extensive mountain ranges surround- 
ing central basins. Southwestern and southeastern 
Arabia also have some significant mountains in 
Oman and Yemen, rising in the latter to elevations 
of 10.000 ft. 

Southeast Asia also includes important plateau 
sectors *uch as the Shan plateau of Burma, the Ko- 
rat plateau of Thailand, and the North Vietnam pla- 
teau. 

Hill lands. Other major topographic units of 
Asia are blocs of hill lands. Most of south China 
and much of southeast Asia comprise hills which 
may be roughly defined as slope lands with local 
relief under 1000- 1500 ft, although in absolute ele- 
vation they may rise many thousands of feet abme 
sea level. Hilly land* are found to predominate in 
the northern part of the Indian peninsula and along 
both flanks of the Indian plateau where thev are 
t ailed ghats. In southern India are the Nigiri and 
Cardomom hills, rising to mountainous elevations 
of 8000 ft. Many parts of different plateaus have 
hillv regions where erosion has produced uneven 
local relief as in the Shan or North Vietnam pla- 
teau. Hills are prominent feature* of southwestern 
Asia including the eastern Mediterranean region* 
such as Israel, Syria, and tabanon. 

Lowland plains. The most significant topo- 
graphic units of Asia are the great alluvial plains 
and river delta*: in some of these live the vast ma- 
jority of the world's population. The gross drain- 
age pattern of Asia is radial: the rivers flow from 
the highlands in the heart of the continent and run 
outward in all directions. Only in the south, east, 
and north sectors of the continent do the rivers 
reach the sea. Flowing into the peripheral sea* 
of the Pacific are such mighty river* a* the Me- 
kong, the Hsi, the Yang-tzu. the Huai, the Yellow, 
and the Amur, each building large, heavily popu- 
lated plains and. with the exception of the Amur, 
densely settled deltas. The Yellow Plain (North 
China Plain) with some 125,000 mi 2 of area, and 
the Yang-tzu Plain, with about 75.000 mi 2 , are 
among the most extensive alluvial plains of the 
earth. In the shallow .South China, East China, and 
Yellow Seas, the deltas of the first five rivers men- 
tioned above are pushing steadily seaward. 

North of the Amur, all the great Asian rivers 
drain across Siberia into the Arctic, with plains 
supporting only boreal forests and tundra. West- 
ward. the radial rivers end in internal drainage ba- 
sins and salt-water bodies such as I.ake Balkash 
and the Aral Sea. These include the Hi flowing into 
take Balkash from Chinese Hsin-rhiang and the 
Amu and Syr Darya running into the Aral Sea. 
On the frontier of Iran and Afghanistan lies the 
seasonal take Helmand with the Helmand River 


emptying into it. The long Tarim River flows i„ 
the desert basin of southern llsin-chiang until it 
dries up in its easterly course or empties j nlo 
shifting salt lakes such as Lop Nor. .See Basin. 

From the glaciers of eastern Tibet ia and tl„. 
Himalayas run meltwaters to which are added i| M . 
heavy summer monsoon rains of south and ninth 
east Asia. These waters collect in such great 
streams as the Indus and (»ange«-Brahmuputra of 
India, and the Irriwaddv and Salween of Burma 
all emptying into the Indian Ocean, and all except 
the Salween have constructed great delta plains 
which support some of the densest populations <>f 
south and southeast Asia. India's east coasts have 
such great rivers as the Kistna. (hulavari, and Can. 
veri; on the west coast are the Naibudu and the 
Tapti. Most streams of the Indian peninsula aiedr\ 
in winter. 

Most rivers in southwest Asia also are intermit 
tent seasonal -t reams. The onl\ large river* here 
are the Tigris-Kuphratcs stream* whose sediment* 
have formed the Mesopotamian plain extending in- 
land from the head of the Persian (iulf Their w.i- 
ter*, however, are derived neither from the Aral«i;m 
desert* nor the drv Mesopotamian region, but from 
the uplands of Armenia and -out hern Turkcv 
Smaller stream* flow out of northern and wc*icin 
Turkev into the Black, Aegean, ami Mediterranean 
«ea*. In Palestine the small Jordan flow* down ,i 
riff vallev to the Dead Sea. 1201? H below *cj b-.rl 
The only other such low-lying surface of \*u is thr 
Turfan deptession of Hsin-chiang. ‘*28 ft h»*|».w *r.i 
level. 

Islands. Important -ecturs of Asia. containing 
some 200.000.000 people, are completed m*nln 
The mo*! important .ire the Japanese. Philippine, 
and Indonesian Islands and Taiwan. \lmo*t .ill of 
Asia's i*land* lie in great volcanic arc* bounding 
large *ea* off the continent'* Pacific cna*t. \t h-i-t 
160 active volcanoes are found here and in Kam- 
chatka. With *uch tectonic aitivitv accompanied !•' 
periodic fracture*, uplift* and down-luulling*. it i- 
not surprising that the geological structure* and 
topographic feature* of manv of these i*land* are 
exceedingly complex and that the soil* are genrr 
ally immature. It also i* to be expected that level 
alluvial land mu*t be scarce, for rivers are *Wt 
and, although their *wift drop bring* large load* <d 
sediments, manv of the island* rise from such gic.it 
oceanic depth* that delta eiftcnsion seaward i* *!•»" 

Few islands lie along the Asiatic coa*l* of die 
Indian Ocean, although thjt Sunda chain of Indo- 
nesia has perhaps more of g claim to Indian Ocean 
frontage than to Pacific frontage. The 400-mi Anda- 
man and Nicobar chains inthe Bay of Bengal f° rnl 
genetic connections between the Arakan V»inn <»t 
west Burma and the mountain* of northern S' imi * 
tn. Ceylon, however, is thg only significant Man 
in the northern part of the Indian Ocean west o 
Sumatra. In the Persian Gulf off the north ^ 
of Arabia lies the small island Bahrein, whn i 1 
rich in oil. 




Fig. 2. Windward tide of the tropical island Ceylon 
has heavy rains reflected in rapid tropical forest 
growth, with valley bottom paddy rice cultivation mode 
possible by a short dry season. I British Information 
Service' 

h-w Maiub lie off tli** alluviated ma-llamls <»f 
northern Siberia Some modem t ol v large ones are 
included in tin* barren and rockv Sexernaxa /emlvu 
group. tin* N**w Siberian Inland**, and Wrangle Is- 
land. The Commander bland* and Karagin*ki Is- 
land lie in the Bering Sea »mlx a short distance 
m»m the Aleutian*. 

Climates, Contmrnlalitx i* a *ttong fa»t»»r in 
climates. Kastward extratropiral cvchinic 
drift. txphnons and westward tropical e\» Ionic drift, 
ami <nntra«l in rainfall pattern* bring regional di- 
uT'-ity to the climate# of Asia. 

C ontinrntalih . The climates of \*ia »an onlx be 
understood through an analvd* of the interrelation* 
'•hip'* among its land form*. the geographic situa- 
tion of its various parts, the water Itodie* and ocean 
'itirent* affecting it. and the sources and charac- 
teristics of the air mas*e* moxing oxer it. Describ- 
ing the climatic patterns verv grossly, however, at 
h‘a*t four characteristic tvpe* of A-ian climatic 
*Wcnn» may be distinguished: I H the tnonsoonal 
KV<i trm of eastern Asia, (2i the monsoonal system 
( >f southern Asia, (31 the cyclonic and come* tioiial 
'torm systems of central and northern Asia, and 
’ the winter rainfall- summer drought system of 
""Uthwestern Asia. 

Fundamental to the whole problem, however, are 
•he vastness of the unbroken land mass and the long 
latitudinal stretch from the polar realm to south of 
^ Equator. These are responsible for the great 
^perature and humidity extremes that occur. The 
latest ranges of temperatures in the world have 
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|H*n rentrdrd in interior Asia. O.ntinentality, 

I here fore, is the outstanding feature of climates of 
inti i nor Asia. In coastal and insular areas of east 
A^ia however, winds moving over the warm, north- 
Hard-flowing Japan Current and the western Pacific 
water- moderate the coastland and island climates. 
Sf ' V CnN1,Nf Vt AUTY, WEATHER AND CLIMATE; Ma- 
M,%K tNl- LI ES'LL ON WEATHER AND CLIMATE. 

W i m son rial circulations. The term monsoon de- 
rive-- from an Arabic word referring to seasonal 
wimK affecting south and southeast Asia which are 
predominantly onshore, warm, and wet during the 
dimmer and offshore, cool, and dry during the win- 
ter. The monsoons of eastern Asia, however, differ 
from the Indian monsoons both as to origin and 
charai teri-tic pattern*-. 

The low temperatures of central Asia in winter 
rc-uli from the great heat loss of a land surface 
remote from the moderating effect of ocean waters. 
Here the heavier chilled air from the upper atmos- 
phere piles dp because of gravitational pull, creat- 
ing high atmospheric pressures in winter. Moxing 
outward it surges toward the areas of lower pres- 
sures in the smith and over the adjoining oceans, 
air masses from the high-pressure center covering 
northern Mongolia and southern Siberia (more ele- 
ct'd and colder than the Arctic regions) send 
cold waxes o\er China. Korea, and Japan as well 
•*- westward over Soviet Central Asia. Initially dry. 
these winds expand their capacity to pick up mois- 
ture as the\ Income warmer in moving outward and 
southward Thev thus have a desiccating effect. 

Bv contrast, in summer the large land surface 
absorbs solar energy and radiates heat at a rapid 
rate. The warm huoxant air expands and creates a 
low-pressure situation. This air tends to be dis- 
placed upwa.d bv heavier air moving in from the 
relatively hiJ ,j r pressure areas of the oceans, 
bringing with ’» higher humidity and precipitation. 
Because of the great distance inland, however, most 
of the moisture brought in is precipitated before 
progressing very far. The heart of the continent 
therefore tends to be a region of aridity as well 
as of seasonal extremes. 

This simple pattern of air-ma« movement is 
complicated hv orographical harriers on the one 
hand and by traveling cvclones and hurricanes on 
the other. The great highland bloc of Tibet and 
the associated mountain chains have several differ- 
ing effects upon t» ' atmospheric movement. The 
heavy cold winter air from the central Asian high- 
pressure region hugs the surface of the land. As 
these air masses move away from the center, the 
laxer of cold air becomes thinner in depth and 
fails to push over mountains rising above this 
depth. The Tibetan plateau and associated moun- 
tains to the west, therefore, are not siihiect to the 
lower, cold atmospheric circulation from the Mon- 
golian- Silurian high-pressure region; and the lands 
,o the south and west also are protected. Moreover, 
the east- west Oun-ling Range affords protection 
for south China from most of these cold waves. 
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On the other hand, many of the lofty uplands, be- 
cause of their high altitude, create local high-pres- 
sure systems of winter in their own atmospheres, 
and cold air drains downslopc from these high- 
lands. India and parts of southwest and mainland 
southeast Asia feel the influence of these cold air 
masses in winter. Out-surging mainland air masses 
then reach the west Pacific island chains, warmed 
and humidified bv their passage over the interven- 
ing seas. 

In summer the central \sion highlands cause the 
separate development of at least two great centers 
of low pressure, one in the Mongolian Hsin-rhiang 
region and another in the drv Indus plain. Thus, 
both the winter- and summer-predominant air pres- 
sure systems of the Indian subcontinent are sepa- 
rate from those of northeast Asia. The summer in- 
ward movement of moist air in southern \sia is 
directed toward the Indus low-pressure rather than 
the Mongolian low-pressure center, although the 
latter does have a directional effect on the inrun- 
ning of Bay of Bengal air masses through the great 
longitudinal gorges of western China and eastern 
Tibet ia. 

The east Asian monsoon aNo differs from the 
Indian in the predominance of the cold horeal out- 
ward winter winds as a characteristic feature. 
Whereas north China. Korea, and much of Japan 
suffer se\ere freezing weather in winter, the Indian 
winter is the most pleasmt part of the vrar. Instead 
of the usual four seasons of eastern Asia. India i- 
viewed as having onlv three: a wet mm - on which 
lasts as long a* 6 months in extreme southern Ma 
dra* to 6 weeks in West Pakistan or a few da\- in 
eastern Afghanistan, a cool season which in most uf 
the subcontinent lasts from November to Man h. 
and a hot season which last-* until the rains break. 

Between these two types of monsoon regime lie- 
southeast Asia, sharing aspects of each but with 
peculiarities owing to the insular character of In- 
donesia and the Philippines and their situation be- 
tween seasonally contrasting pressure systems in 
the Australian continent and interior A-ia. Wind- 
ward sides of islands and of peninsular Malava re- 
ceive rains, whereas leeward sides lie in rain shad- 
ows. Different >ide« of islands have different rainv 
seasons according to the direction of predominant 
winds. 

Eastward ryrlanir drift. Southwest Asia, cen- 
tral Asia, and Siberia, except for the Soviet Far 
East, have little or no monsoon influence on 
weather and climates. Their weather is shaped in 
large part by cyclonic circulations, low-pressure 
“cell**” that travel eastward from the Atlantic or 
Mediterranean and may cross the entire continent. 
The paths of greatest frequency are those running 
in mid-latitudes, crossing Japan before continuing 
over the Pacific. I,e«s frequent movements follow 
paths through southwest Asia and northern India. 
Moisture is carried from the Atlantic eastward, hut 
because of the distance to Asia, precipitation 
amounts diminish progressively eastward to Soviet 


Central Asia and southwest Asiu. Cyclonic 
menls also originate in the Vaug-t/ii Valley in 
tral China. Weather in the paths of these c\clo nK 
storms is variable because of the frequent change 
in wind directions as the cyclonic whirls n,<i Vl . 
across an area. In southwest Asia from the Medi- 
terraneun eastward, cyclonic storms with rain ur 
snow come during the winter season, whereas su !n . 
iners are drv. 

In Soviet Central Asia and in the plateaus ,,f 
Turkey and Iran, continental extremes character- 
ize the climate. Much of the meager precipitation 
that reaches Soviet Central Amu comes during rlie 
spring with leaser amounts in winter; summer and 
early fall are drv. Siberia as a whole is far removed 
from the Atlantic source of moisture, vet much u \ 
its moisture derives from this ocean. The low rate 
of evaporation from the cold An tic provide- liit) r 
moisture for lands to its south. Atlantic moi-ture is 
brought in during summer bv the eastward iv 
clonic drift. 

T\phoons and ucstuard ryrionir drifts. Pari- of 
southeast Asia north and south of the Equator, ,i- 
well as southeast India and Cevlnti. lie in I p.iili 
of tin* trade-wind diift. In portions of the ir.id. 
wind belts in both the west Pariln and tin- li.u . > t 
Bengal north of the Equator, a sik cessmn <d weak, 
low-pressure circulation- develops and moves 
ward, graduallv curving iiorthwanl in <u«oidaiw 
with the Coriolis effei t l hr-e weak low- i re.ifi 
frontal clashes id air masses over India, e-pe. j,ilh 
dining the rainv .-easou. and tugger hejvv pm i| M 
tahon. In both areas some «d these lows ,*< < elei .tu- 
into violent tvphooiis which ale rno-i (fr.pirnt *|u * 
ing late summer and earlv f j# 4I. Those m the llav «.| 
Bengal mav cause extensive damage and l»v ing 
heavy rains to the east coast ol India. In the I’.i 
* ifn . the destructive tvphooiis mav « ro— the uorili 
ern Philippine^ and hit pails <>( the loniinent.d 
coast. usually between \m«»v and cential Xieinnn 
Many of them, however, follow a path giadn.ilh 
curving northward, past or «n ro- Taiwan. Oki 
nawa. and the soutliern part of Japan as well a- 
southern coastal Korea. These tvjihoon- -prc.nl 
wind, wave, and flood destitution hut also hung 
heavy beneficial rainfall over areas IlM) .’MH) mi m 
diameter along their paths. 

if moral rain tail patterns. The driest portion- •>* 
Asia include the vast areas of southern Mongolia 
llstn-chiang. Soviet Guitral Asia, anil southwest 
Asia. Except for small, fgvored mountain are.c 
most of this region from I lit* Coin to the H**d >«•' 
get* less than 10 in. of precipitation per vear. With 
the exception of ftoiifherrr Arabia, which i* -'tb 
tropical desert, the#e are jniddalitiide docrl ;in«l 
drv steppe regions. Favored with higher lauded 
are the Yemen Mountains’ and the coastal moun- 
tain* of Turkey, together vrilh l^ebanon, Svria. jm 
northern Israel. The highland* of Armenia and tin 1 
Elburz of Iran alao get more abundant rninD 
which may range from 25 to 50 in. or more p* r 
year. 



The northeastern Sibciian mountains and the 
Arctic cnastul land* also receive meager rainfall 
less than H ill., hut are not dry h( t raiH > evaporation 
j* |«w and the water fable U lii^.li. Most .»f Sihoria 
has permafrost helow a few feet of surfac e ^ t \\. „„ 
that rainwater does not filter far down into the 
earth. Between the arid hell of rentral \s ltl arid 
the northeast Siberian low-precipitation /one the 
annual rainfall ranges between 10 and IN in. 

fn eastern Asia the preeipitaiinn increases in a 
southeasterly direetion from interior Asia to the 
coast. The annual maximum seldom exeeeds HO j n 
in the wetter southeast < oastal regions, wheiea^ 
this drops to less than 30 in. in the North China 
Plain and less than 13 in. at the Croat Wall. In 
„on»e mountainous parts of Japan and Taiwan, the 
\earlv average rnav he more than 1 (K» in. 

In the Indian suheoutinent rainfall i- heaviest 
along the western plateau fringe and in F.a-t Bengal 
where it niav average over 100 in. pei w\n. The 
interior of the peninsula i* relativelv div. North- 
west Indie, and Pakistan -hate tin* dr»us:ht »»f 
-iuithwesl \sia. With the exirptiun of the extreme 
ninth. Cev Ion genetallv ha- ahiindant taiufall 
Southeast \-ia ha- the hrnxie-t lainfall *d the 
rutite \-iat»e region. The niainl.ind mountain- f.u - 

mg the -outhw-*.* summer monsoon crowing the 
O.w of Bengal and part- of the Xietnanie-i- and 
Liofian i oidillet.is fu< ing the huinidihed northeast 
wintei rnon-oons «d eastern \-ia regularlv yet aver- 
jgc rainfall- of ll!0 13(1 in »»i even nioie. I*i|iiallv 
l»#\iw lamtall- o» * in in the southwest halt of v n 
!-».it r.t . southwest lava, the northwest half «d Bor- 
i io. and the I'aeifii fringe of tin* 1‘lnhppine U. 

• . , i h I - In general. and v\ith a few -mall exieptions. 
-mithiMst \sia lias no areas that are suhteet to se- 
v»Te drought 

General soil patterns. 'Phis large eontinent pre- 

vfiits a varietv of zonal soils and «u cumulations of 
-«»i 1 material, particularly alluvium See Son.. 
/ON M. utsnuiu UOV 

I’odztdif soil). In e dd to tool regions of snffi. 
-ant -oil moisture, -nth a- most of >ihciia -od- 
■in* and. pod/oli/rd. eoar-e textured, and rtda- 
sterile. Soils here generallv are overlain with 
i ‘•emit arhorii/ed coniferous leaf laxcr in the for* 
r 't hell. The tundra ground laxcr max he hare 
roi k. coarse sediment, or sterile sands. Sphagnum 
p»\it hogs occupy depressions, W-cwhcre a pealv 
F, tat of little ({craved organic matter form- a %, w»il. 
This supports onlv tundra mosses and lichens am* 
w, n»e scrub hushes. The greater par 1 of ^ilrciia. 
however, j s j n tujga or boreal coniferous forests. 
^ ruhlike toward the tundra hell hut taller in the 
ouih. 

Brown, coarse. neiciie. and somewhat pndzoli/cd 
4, »ils are characteristic of most forested area- in 
'**mperate regions of Asia because of the aridity 
"f the leaf matter and the le.nhing of finer soil 
particles from the lop soil horizon. In the higher 
rm,, in tains nf southern and middle Asia, pod/tdir 
associated with coniferous forest hell** are 
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common. With warmer latitudes and lower alti- 
tude^ deciduous broad-leafed forests replace the 
1 onile roiis forests, and the more rapid decomposi- 
tion of leaf and litter on the forest floor produces 
a richer surface soil. 

CalrwfHis soils. Contrasting sharply with the 
humid pod/olie soils of the northlands and high-al- 
tiiiidc slope lands of Asia are the arid and sub- 
humid calcareous, ehestnut-colored soils of the 
southern Siberian, central Asian, and southwest 
A-ian v teppe lands, and of the drier agricultural 
aria- of China and India. Meager precipitation in 
these areas provides too little ground water to «up- 
pmt deep-rooted plant- such as trees. Shallow- 
rooted grasses and herbs form a ground cover. 
*hi.li in tune, if left uncultivated, becomes a 
thick laver of dead plant matter. Because of the 
low humidity, leaching of either organic matter or 
soluble minerals is much reduced. In fart, capillary 
dl turn fend- to bring dissolved minerals hack to or 
near the surface after rains have ceased. The soils 
ha\e a high percentage of soluble calcium and ni- 
trogriiotis matter and are therefore of great agri- 
cultural i .' tines*. Iliesc are the sods of the west 
Siberian wheat lands and the -teppes surrounding 
the central Asian deserts and such area- as south- 
ern Inner Mongolia and China’s lor-s plateau, or 
lutkevs Anatolia. With sufficient water, either 
through rainfall m irrigation, they are exception- 
ally pi odu< t ix e id »eica|s and olher crops. 

reward the desert margins of these soils the 
humus thin- with the thinning gra— stand- and the 
-oil turn- to light ihe-tnut. Iml mineral plant foods 
arc abundant. In the bottoms of poorly drained 
h.i-ins here, alkaline accumulation- may inhibit 
vegetation growth. B\ contrast, where rainfall i- 
-omewhaf more abundant, as in the west Siberian 
plain, tht i Ural Manchurian plains, and the 
Amiiv-1 —un wlands. high stand- of thick gra-s 
max lead to deep black earths or chernozems. 

/.net y .xof/.s. The loe-s soils are a specialized tvpe 
rc-ulting from the acciiinulation of dust blown 
ft mu dr-ert region- where -trong out blow ing winds 
occur. The most significant and wide-pread depos. 
it- of this tvpe in \-ia are found in China's north- 
west loess pi »teau. Depths of fine-textured soils 
with a high calcium content max reach 100-300 ft. 
Incorporated w ith the Ines- are deeaxed gras- roots 
and <ith« i organic matter. Vertical root channels 
with a cementation of soluble mineral salts pro- 
duce a xertical structure -o that columnar erosionnl 
cliff- or remnants are often found. This columnar 
pattern of calcification permit - the Chinese in this 
region fn tunnel into cliffs and cane out under- 
ground rooms for homes with comparative ease. 
Hravx rainfall results in sheet and gulley erosion, 
however, and much of the area has developed bad- 
land characteristics. Nevertheless, the soil is rich 
for agriculture. Grasse.- tend to he the natural 
vegetation where cultivation is not carried on. 

Hamid hi critic and leached soils. Humid tmpi- 
,-al and M.hlropi.al -oil- invnhe different pmcow. 
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in formation and have differing characteristic# 
from the podzolized soil# of the boreal and tem- 
perate forests. They also are arid and are formed 
under forest conditions, generally under broad- 
leafed forests, either deciduous monsoon forests or 
evergreen rainforests. Bacterial decav of the for- 
est litter is so rapid under the warm humid condi- 
tions and rainfall so heavy during part or all the 
year that soluble minerals and comminuted organic 
matter are either leached away rapidly to deep soil 
horizons or washed awav to rivers and the sea. The 
chemical weathering and solution of silica and the 
lack of carbonization of leaf matter to form car- 
bonic acid leave iron and aluminum oxides in sur- 
face la vers as red and yellow earths and clays. In 
extreme and long-term development, the subsur- 
face red earths change to true latcrite. 

Most of the humid slope lands of Japan, south 
China, southeast Asia, and south Asia have iron- 
rich red earths. In humid, mist-shrouded upland 
parts of south China such as Kuei-chou Province, 
aluminum-rich yellow earths predominate. The fer- 
tility of these slope lands is quicklv lost when 
stripped of trees and used for agriculture. Fro-ion 
then cuts the hillsides into ravine*. while heavv 
sediment loads are carried hv the numerous 
streams to the plains and the sea. 

In the humid tropical and subtropical forest 
realms the fertility of the soil also differ* consid- 
erably according to the nature of the parent mate- 
rials. The older soils overlying the undent rock 
complexes of the stable platforms *uch us are 
found in Borneo, southeastern Sumatra, large 
part# of southeast Asia, and southern peninsular 
India are rather infertile compared with younger 
soil material* ba*ed upon more recent volcanic 
lavas and ash. The areas with numerous volcanoes 
and basic lava and ash have relatively fertile soil* 
and support dense population*. Java, southwest 
Sumatra, Celebes, and the Japanc-e islands dem- 
onstrate this relationship. Borneo, although large, 
is without volcanoes, and its infertile soils support 



Fig. 3. Alluvto! bottomlands, long heavily cultivated 
for rice, in the hill country of Chekiang Province, Chino, 
ore now tubfocf to damoging tend and grovel deposits 
washed from unprotected clearings for tung trees ond 
sweet potatoes in recent yeors, (From G. 8. Cressy, 
Asia's Lands and Peap/es, 2d od., McGraw-Hill, 1951) 


a population only one-thirtieth a# large a# that ( ,f 
smaller Java. In peninsular India the most 
soils are associated with the basaltic lava of i| lr 
Deccan that produces the black waxy regur. 

Alluvial soils. The youngest, or least muturch 
developed, soils of Asia are the great areas of 0 |. 
Itiviurn, which are intensively cultivated wherry, 
water und temperature conditions are suitable 
Their fertility in part derives from frequent j min 
dations by floods which bring new layers of 
ment containing organic debris and minerals in 
I lit ion and suspension. Where irrigation water is 
available or can be brought to these alluvia, this 
soil has been utilized fur wet rice cultivation j f , 
most parts of Asia except the Soviet Union. 

Major vegetation patterns. Asia’s vegetation 
belts and zones follow, in genera), the climatic pat- 
terns from de*ert lands through tropical to Arctic 
margins. .Sec Vkoitviion zonks (wohi.d). 

Tundra zone. A wide belt of tundra made irregij. 
lar hv topography occupies the entire Antic low 
land of Siberia with widths varying from 2u<) p. 
■SIX) mi north and -noth. It i* widest in the extreim 
noithea-t and it extend- -noth ward and inland with 
higher elevation*. The frozen subsoil permit- tie- 
growth of little more than mo— ♦•*, lichen-, dw ailed 
tree-, and scrub. Because the flow of the great u\ 
er* heie i- northward, the mouth- often miuii: 
blocked with ice even aftei their upper reui be- 
have alre.idv melted. The flow downstream t hu- 
flood- and spread* over imtiien-e legion- of ibt 
tundra zone, making large areas impa— abb 1 on 
foot. .Sec I * I H \1 Uliosl ; Tt N|»ll 

The hu-h tundra comprises willow and «1 w .u t 
birch, both tending to hug the ground. Karile-j 
southward, fir. bin h, and larch trees in -IihiImI 
form make their appenrunee. Ml Hindi a vegetatim. 
i* perennial. Tundia also i* « hara« t« ri-tu • »! tie 
alpine height* of mountain* of interior A-ia. 

Taiga or horeal eonifrmus forest . The btrg»'i 
unbroken expanse of forest in the world is the N- 
lierian taiga, a dominantly coniferous fme-t 
larches, qirurp, fir. and pine*, with -uch dci id'ieu- 
trees a* birch and aspen occurring intermixed with 
the conifers or taking over a* a secnndarv growth 
in burnt-over areas. The width of thi* bell in Si be 
ria i* more than 1000 mi and it stretches about 
1000 mi from the Sea of Okot*k to the I ral*. 

West of l.ake Baikal, the taiga reaches to the 
Altai-Sayan. and with little transition, change- t»» 
the steppe land* of central Asia. The Daliurian 
I Daurian > larch which is fcelter adapted to growth 
above permafrost predominates in Siberia eu*i "I 
Lake Baikal. Tlie boreal coniferous forest « ,MTl,r 
also in the high mountain* of the south below thr 
tundra line. In Japun thd natural forest of 
katdo is mostly of this ty#e. a# h that of Sakhalin 
Inland and the higher pat# of the «a*t Manchurian 
hill# and the northern Gffeat and Leaner H*ing «n 
Mountains. 

MidlatUudt mixed forests. Various adinixtun^ 
of coniferou# and decidooiw tree# compose 
vegetation. In the weal Siberian plain there i 





F, 9 . 4. Arctic coo»tol outpoit of northeastern Siber.r. 
looks like those of the Canadian and Aloskon Arctic rT" reflec,ed 
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reflected in low tundra ve 9 etation. (Ewing 
^ew Yo rle) 


natrnts /one of iui)1 .Jr. jrl,,,,,,. f„ reMk 

in. lurlmjj oak-. nidplt-. *,4,. and lintlciw This. 

«.tl. .. ss i.ith „f SO ll*0 mi. moss Itai „f 

«•< M» N an<i far!.- into the Mpptir 

■•'"'I s . ,,u ' , " rm «•«■« -priitp-wheat of 

Nli.ti.t. Mil' ititftm.Hi.il.- I,flt |„.|u,.,. n I(llpl 

,l "‘ k|<, PI«‘- i' .ili'fiit in ffntia) Silo-ria. hut in 
*" K -* r K >'-' .motlifr lorr-'l apprar. in 

^inur-l'"uri l.u-in, tl„. ...mtliprn C.r.-at 
hin^an. iin.f the '.m!lifrn -ikholr \|„, Ranpe 
tl' r.- <,ak'. maplf'. j-h. limlet,'. K»r.-an pin.". and 
MiiidtiMn *hruh* appear. 

mid-latitude deciduous and coniferous 
"t»-r area* uf a similar txpc occupy most of Km- 
the northern “< Honshu in Ltpan. and the 
t “'T grounding the Yellow Plain, a* well a- 
v ' in linjc Mountains. This txpe of foieM aUo 
m » iV , ili ° ne , * mp haxe rnvrrrd the North China 
! ° w> j ^ a * n - hut the plain ha- been under culti- 
|fin vo long that only a guess can hr made a* t«» 
,,ri Ki«al lactation rover, ft need- to he pointed 
ni :^ r : ^ fl * commercial lx usable for 

**! area* of China and 

Pvr / I ?. 1 r * * n rn ntraat, Japan has splendid for* 
.hi, trailed temperate type. 

narrnvH 1 arr found ehieflv in a 

the ii* >P |* n,0, tnlain land in the outer ranges of 
ftOiiQ f ! n,a | a>a 11 elevation* between 3000 and 
1 hfHfnin * * on,l: ‘ n ^ e< *l r P* ne * Himalaya cedar. 
p llrft * ® n< *5vcrjtTeen oaks are found mixed or in 
an *• The remaining areas of these mixed 


h.NMw run from the Elburz Mountain, through the 
T? wn highland- and the Black .Sea fringe of 
th f Wran «•««**■ However, in southwest 
Ha the on lx region of commercially significant 
timliei he- in »he Elhur/ of northern Iran. 

(*• rural <,mi «/ Asian steppe lands. From the 
mixed and de« ions fnre-ts of the west Siberian 
idam southward an increasing!) dn steppe land is 
encountered It extends for 400 500 mi in a belt 
about lotto mi long between the TraN and the Al- 
tji*>.i\an and assoc dated uplands. The northern 
half of f hi-* belt with its higher annual precipita- 
tion of 12 16 in. I comprising the Oh dry plain and 
tin* northern part of the Kazakh upland running 
southeastward from it) is the agricultural heart of 
the plain. The southern part gradually changes to 
de-ert steppe and then to desert along about the 
TiOlli parallel V Step*.- grass al-n predominates in 
natron discontinuous hell west of Lake Baikal 
between the Sax an Mountains and the taiga forest, 
in the Minusinsk basin and adjoining the Altai in 
the northwest, west, and south. A well-defined 
zone of drx mountain steppe land occurs in the 
T’ien Shan flanks at elevations of 5500-6000 ft. be- 
low which desert prexaiU. 

Eastward of Lake Baikal a broadened steppe 
zone occupies the Trans-Baikal region extending 
southw ard to the Gobi Desert of southern Mongolia 
and eastward to the Great Hsing-an Mountains 
where the zone, about 200 mi wide, runs southward 
in Inner Mongolia, The steppe zone in Inner 
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Fig. 5. Representative winter view of boreal forest 
(toiga) in Siberia. Hunting and trapping continue to 
be characteristic activities in great portions of this for- 
est. fSovfotot 

Mongolia widens with the increasing moisture 
south of the Great Wall to include rno-t of China's 
|ne** plateau. Orates al*o form the natural vcgru- 
t ii»n of the Manchurian plain, with tall gra** in the 
eastern portion thinning out to *hort-gra*s steppe 
in the Hsing-an Mountain flanks. The C.ohi Des- 
ert is flanked hv steppe lands to ils north, east, and 
south, as well as hv mountain «teppe zones in the 
eastern Altai and eastern T'ien Shan. From the 
heart of the Gobi both northward and southeast- 
ward the grasses become richer and taller with the 
increasing a\erage annual precipitation, and they 
are at their best in northern Mongolia. In southern 
Mongolia the richest grasslands have been pre- 
empted by Chinese agriculturalists for cultivation. 

The typical grasses of the central and east Asian 
stepjw* lands are feather grass, fescues, and ko- 
eleria. In moister parts of the steppe, dicotyledons 
such as sickle alfalfa, milk vetches, and gther leg- 
umes are prominent herbs. A grazing economy oc- 
cupies much of the -teppe lands, but in the Soviet 
and Chinese sphere* the richer grasslands have 
been put to the plow. 

Mixed evergreen forests. This tropical and sub- 
tropical forest type appear* to he limited in Asia 
mostly to interior southern China and to Japan 
from the Kwanto Plain southward. South of the 
Yang-tzu Valley it extends from the coast at Shang- 
hai to the gorge lands of eastern Tibet ia. It in- 
cludes most of the Yang-tzu drainage and the west- 
ern part of the Hsi drainage, as well a* the 


Yun-nan plateau. The coast south of Shanghui i n 
an ever-widening zone inland, however, is warm 
and moist, finally becoming part of the subtropi^i 
rainforest. 

In Asia the characteristic trees of the mixed h, r . 
est include hrnud- leafed evergreen trees such 
banyans and camphor, and coniferous trees such 
a* pines, cedars, and cypresses, us well as vutietits. 
of bamboo. On the kar*t limestone hills of Kuri- 
chou and Kuung-h*i the tree growth is mainly dr 
cidiioiis, hut pines predominate in the leached sniU 
of other hill areas. Horse-tailed pines are vm 
prominent. In Japan this forest zone is rharn«t<»r 
ized by live oak, laurel, and other hardwoods Mich 
as camphor, intermixed with stands of Japariev- 
cedar, pine, and bamboos. These forests occupy 
most of the areas of red and yellow earths in China 
and Japan. The Japanese mountains are well n>\ 
ered with forest, hut large parts are in secondary 
growth of genva or fuelwnod. In China, most of the 
original forest has long been cut down and the hill- 
are largely barren of large trees. Much of the mt 
over slope-land is covered with coarse gras-r- 
ferns, and various scrub, although a beginning Iki- 
becn made in reforestation. 

T ropieal and siihtropi* nl rainforest. The raintuf 
est type is restricted t«» wuirn or hot regions ui 
south and southeast Asia which gel ample ramt ili 
the \ear round or get much rain during a l.irg# 
part of the year that a high ground-water table 
maintained during the short dry season. The *»!• 
tropical tors are found along tin* southeast 
China coa-t. in Taiwan, and in northern Murm.i. 
they merge with the trnpicul tain forest farili** 
south where rainfall and ’•Tempera! ure in# re.t-t 
Most of southeast Asia lies in this finest /one. leg 
there are large areas whii h have sin h a long dn 
winter season that they do not support evergoen 
rainforests. These exceptions are in monsoon tor 

est or savanna grassland described in siib^rq.ieM 
section* on Asia's vegetation. In south A *ia th* 
rainforest /ones include Assam and the west s|npr ■- 
of the Ghindwin. Chin, and Arakan hillv the south 
ern half of Cevlon. and the Western filial* arid a- 
soeiated lowlands of southwest India. 

The variety of trees and plants in the iainfore-1 
is enormous; 11.000 species of flowering plan?* 
have been recorded from Borneo alone. I ree* an- 
seldom in pure stand*, making lumbering a -eln 
tive and cost I v process. Camphor and sweet gmn 
bamboo and paiir, citrus, and banvan are common 
trees in the subtropical coastal area* of China. In 
the southern tropical niin|rire*t. the roastul foie*?* 
in area* of tidal mudflats and brackish ground ^w.c 
ter are formed by varieties of mangrove. Sin<» 
these are not so dependent upon rainfall. lhc\ 
found also in coastal :areas having sea*«»na 
drought*, for example, in eastern India. Mangm** 
i* the characteristic fore*! in all the muddv li< •* 
soil* of the tropic*. Next inland and in bra<A ]k 1 
water the nipa palm may form den*e stand*- ,n 
river estuaries. Sandy coastal strip* may have 


uarina. IWanim. Harriii K tonia. and d«nsc plantu- 

lions of coconut pulms. 

Dipterocarps occupy a prominent place j„ ( | ie 
lowland ruinforcsth of the interior, bec ause „f | m ,h 
tlieir height and the large amount of spare they 
cover. They often form the top storv «>f the f or ,. sl 
with their crowns towering up to 200 ft or more. 
Il.-low an ullitude of 2600 ft in Malava ih«-\ rover 
of the wooded area, in the Philippine* 75*; 
and in Indonesia as a whole about 50' ; „f the for- 
fs t stands, Camphor and species of Sliorea and 
Kompa^sia are among the giant trees «>f this forest 
in Indonesia. Other prominent trees of this forest 
are gumwoods. mahogany, and ehonv. Manx ban- 
yan-type trees send down aerial roofs f r „ m their 
lower branches to take n»ot upon reaching the 
ground, forming a forest of smaller boles from a 
single tree. Typical features of the* taller trees <>f 
thi- forest are great Hiring buttresses that anc hor 
lliem to the ground. Below the larger trees, a c losed 
canopy up to 60 ft high ma\ be formed l»x second- 
ary trees. Tangles of lianas, w h i« b in the case of 
the rattan palm may reach 500 600 ft in length, 
and the abundance* of epiphytes arid para-itic 
plant ^ growing on other trees gi\c the impression 
of an utter confusion of plant life. 

( leafing of tropical rainforest and subse- 

quent abandonment result* in a f e**ion of ferns, 
tropical grasses, and scrub which may be transi- 
tional to ultimate reforestation. Often, however, 
i.iar-r. tough, tall say anna glares get established: 
the-c ai e more perm.tnc*nt and *-tifle other growths. 
Hurtling may destroy their surface parts, but under- 
ground runners qui< k I \ send up new sprouts 

\hmsoon tropnal decidunu v force/. In the Tropi- 

• d parts of Asia, which haye a moderately high 
rainfall but a long dry season I usually in the low- 
-mi period or winter >. broad-leafed trees drop their 
leave* during the* season of drought Mo*t of India 
is m this yegetution /one. with the exception of the 
drx northwest and the south-central peninsula! 
.ueas. the rainforest /one* of the Western (.hats 
and southwestern coast, and the* Himalaya moun- 
tain /om*. In southeast A -da this zone is found in 

• entral Burma, the Shan plateau, northwest Thai- 
land. and in a small part of Assam. It also is found 
m southern Vietnam and southern I aos together 
"ith adjoining areas of Cambodia Similar nmn- 
v( »<*n forests occ ur in the I enser Sundas. east Jay a. 
uri<| ( .elebes. 

Hie monsoon deciduous forest t onsets mostly o c 

‘Mixed spec ies, but sometimes a single species he- 
' “Wes dominant as a result of selec tion from fre- 
'l l,f, nl burnings. Tc*ak. which has especially at- 
' r ac’ted commercial attention, is one of these. Its 
'•reck are hard-rased and fire-resistant ; even its 
vftplings have a high degree of fire resistance, 
^'ineiimes pure stands of teak deyelop. 

TWluipH even more widespread in monsoon for- 
are bamboos which frecpientlv grow* in pure 
"lands over wide* areas. Where burnt over during 
,hr dry season, their nmt clumps qnieklv send up 
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n-w s|,„o| h during the rainy season. In the Lesser 
• "mins. (j*lflws. and the Philippines, areas of eu- 
ratyiitiis forests resemhlinR teak forests in origin 
Have developed as migrants from Australia. 

The monsoon dry forest, an open woodland of 
very few sperms, is associated with the poor soils 
and !„w rainfall generally not inueh more than 
W ‘‘•'"w* in Inrge areas of Burma. Thailand, 
and Vietnam. In densely populated regions sueh as 
India, cultivation has made large parts of the mon- 
snon forest zone treeless. 

Sat a tin a and tropical scrub forest. A large re- 
gi«m of *s»y anna grassland surround* the Thar [V*- 
erf of northwest India and occupies most of the 
Indu*- \ alley. the Punjah. and the Kathiawar penin- 
-ula. Muc h of the drier interior peninsular l)ec< an 
of India also has this a* a natural vegetation. Other 
Asian regions with similar cover are found in 
Yemen and the region in southeast Arabia from 
Oman as far westward as the Qatar peninsula: and 
similar y«'getation extends in the Korat plateau of 
I hailarid. lower Thailand west of Bangkok, south- 
ern Gambodin, and small areas in interior Borneo 
and the Philippines. 

The tropical savanna is a region of coarse tropi- 
cal grasses with deep root systems: the leaves of 
these when mature are unpalatable to cattle be- 
cause of the high silica content. Associated with 
these grasses are thorn scrub and drought-resistant 
herbs. A scrub bamboo that looks almost like a 
sedge is characteristic of the Korat plateau region, 
which i- singular in that it develops large areas of 
fresh water swamp during the rainy season, hut 
has the driest kind of scrub savanna during the dry 
reason. 

Desert and semidesert regions. Immense areas 
of central and southwest Asia have little or no veg- 
etative cox**’ and bare rock alternates with sand 
veneering. In places -hifting sand dunes are 
formed. The Lrgest single extent of such deserts i* 
in Arabia. Soviet Central Asia and the Gobi and 
Takla Makun deserts of Mongolia and Hsin-chiang 
follow in si/e. Most of the Iranian plateau, includ- 
ing Afghanistan, and the Baluchistan sectors of 
Pakistan, as well as the portion of Rajasthan 
known as the Thar, is of desert character. So are 
large portions of the high plateaus such as western 
Tibet and central sector* of the Tsaidam basin in 
northea-* Tibetia. Although the deserts are not nec- 
essarily lifeless, the vegetation is so widely spaced 
that much bare gr«o*iid is exposed. In the Gobi, pre- 
cipitation max be in the form of showers or pro- 
tracted drizzles, but the tropical desert areas often 
receive their meager rainfall in torrential down- 
pours on rare occasions. Sudden floods rush 
through the dry washes known as wadi in Arabia 
hut soon drain away or sink into the sands. 

After such rains numerous herbs may spring to 
life and flower, while the bunch grass here and 
there mav become green for a short season. Xero- 
plntic shrubs such as wormwood and saxaul and 
varieties of sage arc common in the desert. Stunted 
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willows occur whore fresh ground water is near the 
surface. In the wetter climatic fringes, a thin grass 
cover appears. 

The preceding descriptions serve to demonstrate 
that even in broad characterizations the earth's 
largest land mass exhibits the most varied of physi- 
cal characteristics. (h.j.w.] 

Bibliography : G. B. Crcssey, Asia's Lands and 
Peoples, 2d ed., 1951; E. H. G. Dobby, Southeast 
Asia , 5th ed., 1956; N. Ginsburg (ed.), The Pat- 
tern of Asia , 1959; N. T. Mirov, The Geography of 
Russia* 1951; C. Robequain, Malaya , Indonesia, 
Borneo and the Philippines, 2d ed., 1958. 

Asparagine 
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An amino acid. The amino acids are characterized 
physically by the following: (1) the pKi, or the 
dissociation constant of the various titratable 
groups; (2) the isoelectric point, or pH at which a 
dipolar ion does not migrate in an electric held; 

(3) the optical rotation, or the rotation imparted 
to a beam of plane- polarized light (frequently the 
D line of the sodium spectrum) passing through 1 
decimeter of a solution of 100 grams in 100 ml; 

(4) solubility. See Equilibrium, ionic; Isoelec- 
tric point; Optical activity; Spkctrophoto- 

METRIC ANALYSIS. 

Asparagine forms a brown color with ninhydrin. 
The amide group of asparagine presumably serves 
as a storage site for nitrogen, especially in plants. 
Although it is known that asparagine is formed 
biosynthetically from aspartic acid, it is not cer- 
tain whether the mechanism involves amide trans- 
fer from glutamine, transamination, or ammonia 
incorporation. Asparagine is deamidated to as- 
partic acid, which is further catabolized by way of 
oxaloacetic acid and the Krebs cycle. See Amino 
acids; Krebs cycle; Transamination, [e.a.ad.] 


Asparagus 

A dioecious perennial monocot (Asparagus offici ■ 
nalis) of Mediterranean origin belonging to the 
plant order Liliales. Asparagus is grown for its 
young shoots or spears. These aerial stems arise 
from rhizomes (underground stems). The rhizomes 
and the fleshy and fibrous roots constitute the mas- 
sive underground part of the plant. 

Propagation. Asparagus is propagated by seed 
with 1-year-old crowns transplanted to the field and 
spaced 8-18 in. apart in 4-8-ft rows. Although male 
plants out-yield female plants, separating crowns 
on the basis of sex has not been economical. Mary 
Washington is the principal variety; U.C. 500 and 
Viking are promising new strains. Blanched or 


white asparagus is grown by ridging soil over the 
rows and cutting the spears beneath the soil sur 
face. Chemical weed control with monuron ro , n 
men. 



A spoor of asparagus. (From L H. Bailey, ed , The 
Standard Cyclopedia of Horticulture, vo I. 1, Macmillan 
1937) 

Harvesting. The length of the annual harvest 
season varies with age of the crowns and with 
climatic conditions. Generally, spears are cut for 
8 10 weeks each spring after the crowns are .4 \ 
years old. In areas with longer growing seasons, 
such as California, harvesting begins earlier and 
continues 10 12 week*. Commercial planting- ur< 
often harvested for 12 16 years. In most area*- -pc 
rial knives are used for harvesting; however, spear- 
for canning and freezing are sometimes snapped 
off by hand above the gmupd level. 

Commercial production is limited to area- wher*- 
crowns will have a dormant period of 3 5 month- 
each year. Dormancy in the northern state- i- in 
duced by low temperatures and in California In 
withholding irrigation. California. New Jer*e%, and 
Washington are important asparagus- producing 
states. The total annual farm value in the ( nired 
States is approximately $38,000,000. See I.iuaim. 
Vegetable growing. f h.j * 

Aspartic acid 
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Kn amino acid. The amirio acids are charartcriri’d 
physically by the following: (1) the pKi, or J f 
iissociation constant of, the various titrata »ir 
groups; (2) the isoelectric point, or pH at whuh a 
lipolar ion does not migrate in an electric f 1 • 
'3) the optical rotation, or the rotation im parte' 
:o a beam of plan»polar|ted light (frequentjg| 
t> line of the sodium ggagf PW 
lecimeter of a soluUggpMBMBP » 1U H 
[4) solubility. 



See EyuiuiiRniM, ionic; Isoki.mthk: ,. 0 int- 
Optical activity; Si*kctkoi*iiotomliri< analysis. 

Aspartic acid form* un alrobol-insolulile , it l- 
cium nail. The amino acid fund ions arc as follows; 
111 It i« a key intermediate in many transamina- 
tion reactions and in a product of ammonia incor- 
poration in plants and some microorganisms it|„. 
aspartaae-catalvzed reaction: fumuric acid 4 am- 
monia -* aspartic acidi. ( 2 1 It functions as a 
source (from the amino group) of one of the ring 
nitrogens of purines and of the amino group of 
adenylic acid. Aspartic acid also reads with car- 
hamyl phosphate to form carhamvl aspartate, a 
precursor of pyrimidines. 
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idea of the ratio of the span to the chord for a 
rectangular wing. 

Effective aspect ratio. The theory of wings re- 
late the induced drag of a wing of elliptical plan* 
form to the aspect ratio (see Arm-on.). The rela- 
tion so developed is 
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•') Aspartic a« o « .in he amici at ed to form a^-para- 
ninr: it N a No the hin*vnthctic precursor <•{ methi- 
cinirie. threonine, Nnletirine. and in hurteiia. of |\ - 
-ine. Srr \mino At. lie**; Istiui i IM ; l.YMNh; Mf- 
IHIOMNt: TllHtONINK. 

\-partir arid is formed, hinsv ntlirticallv . I»\ 
transamination of oxaloacetate or h\ the addition 
*»l ammonia to fumaric- acid. 

The metabolic- degradation path* a \ N I«n de.tmi- 
nation to oxaloaretate. «>r liv derarhoxvlation. Two 
different decarlnixv la*es are known, one forming 
n-rtlanine. the other /?-alunine. If.a.ad ■ 


Aspect ratio 


U originally conceived. the ratio of the span of a 
sing or airfoil to the chord of a wing, where the 
-pan i«c the maximum cross-stream dimension and 
die chord is the dimension in the vtreumwNc direc - 
tion. as illustrated. This definition of aspect ratio 
i v unambiguous cml\ in the ca*e of a rertangular 
*ing. 

Geometric aspect ratio. Because earlv wings 
"ere usually nearly rertangular. no confusion re- 
efed from the n riginal definition, f iller. when 
Aings were tarred or had complex plan forms. 
mother definition became necessarv. If was dr- 


iralde that the new and more general definition 
nrrespond to the old definition for the special case 
d the rectangular wing. The more general defini- 

tlon geometrical aspect ratio which is now uni* 
vn^\\ N 

'vs 
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Oji = Cjr^A (2) 

where C fh N the induced drag coefficient and Cl 
is the lift coefficient. 

Fcpiatinn (2 1 is sometimes used as a method of 
defining an effective aspect ratio from the measured 
aerod\ narnic characteristics. One way of determin- 
ing the effective aspect ratio is to plot a curve of 
(*h \s. t/-. The slope of this curve, or more usu- 
ally the slope of the straight line that best fits this 
curve, is 1 -A r where A r is the effective aspect 
ratio. 

In the case of a swept wing, it is important to 
note that the direction in which the span of the 
wing is measured is perpendicular to the stream 
direction. I-'** such a wing, the distance measured 
along the h i ling edge, or along the loci of the 
quarter-chord points, is substantially greater than 
the proye-tion of this distance on a plane normal 
to the stream direction. If the wing has dihedral, 
this distance is still greater than the perpendicular 
distance of the tip from the longitudinal plane of 
symmetry. The definition of the span to he used in 
determining the aspect ratio is the perpendicular 
distance of the tip from the longitudinal plane of 
symmetry. [a.e.v.d.J 

Aspergillosis 

A rare fungus infection of man due to several 
species of Aspergillus. The two forms of this disease 
most frequently seen are otomycosis, infection 
of t\\e external eaT. usually due to Aspergillus 
niger and Aspergillus fumigatus . and pulmonary 
aspergillosis, due to Aspergillus fumigatus. 

Olomyi'osis i* a «-lironic infection with exudative 
inflammation and piuritft*. where lunwu* Y>«- 

seen growing on the surfaces ot the canal. Exces- 
sive moisture and heat as well as a localized allergy 
are predisposing factors. Pulmonary aspergillosis 
is difficult to diagnose, for the disease may closely 
resemble chronic tuberculosis. 
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Aspergillus species are common air- borne con- 
taminants in the laboratory as well as in the gen- 
eral environment; thus any materials inoculated 
on laboratory media yielding an Aspergillus species 
must be interpreted carefully. Even repeated isola- 
tion of an Aspergillus specie* cannot be considered 
conciliate proof that aspergillosis exists. The 
fungus may be secondary to some preexisting con- 
dition. 

Surgical intervention is usually the method for 
treating pulmonary aspergillosis. Various chemo- 
therapeutic agents, including acetic acid and fungi- 
static powders, are usual in the treatment of 
otomycosis. See Monihalks; Muoiouy. medic*!.: 
Ti:b».rci;i.o$!s. 1 1.. n. iivirvl 

Asphalt and asphaltite 

Varities of naturally occurring bitumen I see Bur- 
MF.n). Asphalt is also produced as a petroleum hv- 
product. Both substances are black and 1argel\ 
soluble in carbon disulfide. Xsphalt* are of variable 
consistency, ranging from a highly viscous fluid to 
a solid, whereas asphaltite.* are *olid. \*pb«ilt* fu*e 
readily, but asphaltites fuse only with difficult v. 
Asphalts mav. moreover, occur with or without ap- 
preciable percentages of mineral matter, but a*- 
phaltites usually have little or no a*- oeiated min- 
eral matter. 

Natural occurrence. Many asphalts mcur as 
viscous impregnations in sandstones. <-ilt->h»ne*. and 
limestones. Mn>t of these deposits an* thought to 
he petroleum reservoirs from which volatile con- 
stituents have been stripped bv exposure of the rock. 

The asphaltites fgi!*onite. grahamite. and glance 
pitch) were probably derived from a saline lacus- 
trine sap rope] and owe their variable properties to 
difference* in environment of deposition I see Svr- 
Hopei.'. These substances, which occur mi a large 
scale in the Uinta Basin of northeastern I tab. are 
derived there front upper Eocene Green River sedi- 
ments. most of which are oil shale* high in carbon- 
ate content. See On. mmm:. 

Asphalt. Relatively pure asphalt occurs in Kern. 
San Luis Obispo, and Santa Barbara Counties, 
Calif. The asphalt, or tar seep, may contain up to 
30# mineral matter and occasionally, a* in the La 
Brea tar pits, has remains of insects nr animals 
that became entrapped in the viscous material. 
Many of these occurrences are associated with the 
Miocene Monterey shale, which is thought to have 
been a source bed for the local crude oil. Occur- 
rences of asphalt are also known in Kentucky and 
Oklahoma. Although asphalt seeps have long been 
known in France. Greece, Russia. Cuba, and other 
countries, the best known and largest are those of 
Venezuela and Trinidad. 

Venezuelan asphalt has been reeovered from the 
Bermudez Pitch Lake covering over 1000 acres and 
averaging 5 ft in depth. The lake is thought to he 
fed by asphalt springs. The asphalt at the edges of 
the lake become# hard enough to walk on. After 
treatment to remove water and volatile constituents, 
the asphalt fuses at 130~140°F, is 92 -97# soluble 
in carbon disulfide, and contain# approximately 


83# carbon. 11#- hydrogen, 6# sulfur, and 1'-; 
nitrogen. 

The Trinidad Asphalt Lake covers lift an 
and is MS ft deep at its center. The asphalt j„ 
softest at the center, where it is probably b*,| | >v 
underground springs, and hardest at the edp*^ 
Even at the center, however, the material i> har<] 
enough to support a man and can lie broken mt M 
blocks. Gas is evolved from the asphalt, and rain 
water tends to collect in depressions forming ,m 
emulsion of asphalt and water containing g ;|v 
sand, and clav. The crude material i* 39'; s(l |,,j,| p 
in carbon disulfide, contain* 27# mineral unit 
ter, and lo*e* 29' ; of its weight a* water and g.,* 
on heating to KXV‘C. Mter being refined to diiw 
off gas and water, the product fn*r». at alxxit 
1 ( H) 'F, is 56# soluble in carbon disulfide, < ,>n 
tains 38# mineral mattei. and consists ,,f no 
82#. carbon. 10 IP; hvdrogen. f> 8# ^ilfiu. 
and less than I# nitrogen, all on an adi-ftrv 
ba*i*. Tin* Trinidad lake ha* hern estimated t«> 
contain 10.000,000 15.000.000 ton* of a-phalt. 

Sandstone* impregnated with asphalt omir in 
Oklahoma. Kentuckv. \rkan*as. \laharna. Mali 
(California, and other *tate^. Mam of these drpn-ii- 
have been developed a* a source of paving inalciial 
Similar deposit* also <»< < ur in Canada. Smlli \mn 
iea. Europe. \*ia. and All it a. One oi the mo-t ,-s. 
tensive oecurience* i-. that of \-phah Bulge n»* u 
Venial. Utah, when* a-ph.tlt *atuute* *and-tnrr. 
of tin* I’inta formation of Eoi me age and ol On 
Mesaverdi’ formation of I pper Gietaceou* .il 1 ** 
This deposit crop* out over a di*tanre of 11.5 mi 
and the *and*tone contain- Xfoin 8 15', a*pli.i!( I? 
ha* been estimated that over 1 .000.000.000 t« »i»- < i 
high grade material i* leadilv available The a- 
phallic *and*tone i-* *« ouped fiom the deposit ;tn«l 
»i*ed direr tlv in road construction. If nece*«.ir\ ii i- 
mixed with *and to attain the dr** i red con-i-ten. \ 

Most asphalt* arc of ntaiine origin and • on-i-i 
of the high-molecular-weight compoiirnl* norm. ill* 
present in petroleum residue*. Asphalt* and .i- 
phaltites frequent I v contain unu*nallv high p* ,f 
centages «>f vanadium. 

Asphaltites. Thc*e *uh*tance* are divided into 
three* group*: gilsonife. glam e pitch, and grali;i 
mite. Tlie major ph\*ical differences in the*'** 
substances are in specific gravity and softemng 
point, as shown in Table 1. All three *uh*lafwe* •| ,r 
nearly completely soluble) in carbon disulfide. >*'•' 
GlI.SOM Tf. : ImIMIMN.; Wt’KTZIMIK. 

Differentiation of thd asphaitite* into time 
groups is based only on pbv*icul properties and n«»i 
on a genetic basis. For this reason, similarly »al«’ 
gorized substances may have somewhat diffeienf 
origins and variable composition*. 


"able 1. Major physical differences of ssphsltlt® groups 


tiilwniU* 

(•In nee pitch 
(irahfunite 


Specific gravity 
at 77°F 

1.03*1.10 

1.15 1.20 


Softening point. 

°K 

230 350 
230-350 

550-000 
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Table 2. Asphalts and their usee 


Asphalt ty|*i. 

% of production 


Straight-run 1 

70-7.V,; 

Air-blown I 

25 :w% 


(IriM'kvd 

i»*ss i linn :>% 


Munubicluriiig 

i process 


Distillation or solvent 
precipitation 
Heading with air at 
MM MM' T 


Heating to 800 1000 F 


Properties 


Nearly viscous flow 

HesilienV. \ isr<»il> less 
susceptible |o tempera- 
ture change than 
straight-run 

Nearly viscous How. \ is- 
cohity more susceptible 
to temperature change 
than that of straight- 
run asphalt 


Hoads, airport runways, hy- 
draulic 1 works 

Hoofing. pi|ie coating paints, 
underhody coalings, paper 
laminates 

Insulation Imard saturaut, 
dust laying 


{;lan«f pitch occur* in til** Barhado-. a id nia 
j a | f rom tliis dcpo-il ha- heeii marketed a* Man- a- 
jj Other vein." of glaine pitch. -ome of which w 

I nnt a in "|> to 27' i mineial mattei ami up to 7.4', -1 

Sulfur. aUn occur in Haiti- Cuba. Mexico. Argon- 
tina. (’.iiluinliia. Chile, the Baltic -late-. ami the t« 
Ka-I. Glance pihh ha* heen u-ed Cm the d 

manufacture i»f la< <!«•*» *». 1 

C.rahainite .» • nr* in VI H \ unnu.i. lexa-. Ohla 
and Colorado. It i- al-o known in Mexi.u. 
Ciilu. Tiinidail. Vgentinu. and I ’em. 1 In- Permian 1 
.a all. unite i- purliriihiilv ii*h in vanadium. and I 
Tome vanadium mineral-- are ,t— o> ialed with it- In 1 

j-eneiul. nma de it- are lelati'elv -mall and are 

e„ limiter of eoininerei.il inteie-1. ><•>• \t m unit : 

„ : 1 . V. HUH. I II 1 

I Mil Bin . .... I r 

Petroleum by-product, -\-phalt I- derived from 

pettideuni in lotnmer. ial ipiantitu- lo temov.il ..I 

volatile .aim tent-. It i- an inexpensive •on-tmi- 

material u-ed primarilv a* a . eim ntmg and 
w.ilei proofing agent. Ov. to..- «l a- 

„!,alt i- u-ed in the I’nited State- ammallv. ot 
iU.il h more than W, •- <Ierived Iron, peltoleuin. 

\-phalt i-iomposed of hvdroeaibon- and hetero 
, velie compound 14 containing nitrogen, -nlfur. am 
■■wjsen: it* component- v.irv in imdeeulai wcglil 
In un about 400 SIMM). It i- iheMimpla-ti. and m-; -- 
, - 1 . 1 . tie: at high temiieratuies m over l-mg !"««»»* 

time- it liehave- a- a ««»*- M l "" 

'.inpcraliice- or -Imrt loading time- it behave- a- 

m\ clastic bod\ . . . , 

The three distinct type* asphalt made nm 
i'ctrulcmn residues are fl^ rilwfl m Ta > « *-• 

In the construction of pavement MtrfaM ° r in ‘ 
i«»r mads and airport runwav*. hot aspha t |v ,u,v . 

^ ith hut graded-stone aggregate. I he nu\tur< i 
M'r**ad on a dense, compacted stone bast il,u ro 
while Mill hoi lo give? a smooth surface. 

Hoads having only light t raffle air often ^ ,x ' 1 . 
thin, inexpensive wearing surface hy spraying 11 
asphalt on the road hase and coveiing d l, J inl 
a, Hv with stone. The fluid asphalt mav m 1 
p.iv ini? asphalt or a liquid asphalt, l iquid 
; u«* produced hy blending asphalt with t hi mu 
talcum distillates or by emulsifying hot 
with water containing a small amount of M ' a *\ 
Ihpiid asphalts are fluid at ambient tempt r«i 
ll «l harden as the solvent or water evaporates. 


Air- Idown asphalt is used mainly for roofs. Hot 
asphalt rnay he mopped on the roof and covered 

i . . e f * . 1 1. _ 1* 


uqinau rnay nc inoppea on me rooi aim unuru 
with decorative gravel or prefabricated asphalt 
shingles ma\ be nailed onto tlie roof. 

Asphalt U increasingly used in hvdraulic works 
to line canals and reservoirs, to face darns and 
dikes, and lo bind together the rocks in break- 
waters. [t. k. milks] 

Bibliography : H. Abraham. Asphalts and Allied 
Substanees. 5th ed.. \ol. 1. 1945: J. P. Pfeiffer 
i«*d. i. The Properties of Asphalt it' Bitumen . 1950: 

K. M. >pieker. Bituminous Sandstone near l ernal , 
f tnh. I .S. (,eol. Snnev Hull. 822-0. 1980. 

Aspheric surfaces, optical 

\ trim u-uallv applied to non-phrriral optical *ur- 
f.,,-,.. » ith -vminctrv of rotation. «m h a- ellipsoid-. 

Iiv pci lioloiil— . and paraboloid-. Cvlindrical and to- 
r-ud.il lcn-c- arc called anamorphotic -v-tem-. fol- 
low inc F.. \bbc. -im e tlicv have different power- in 
■tiff el ent a/imulh-. For an extended di-eu-ion of 
a-phetie -i.. m. including rav tracing, are Scmih- 
|. U VMI \S1>; I. lie ■ KUI UIS. Ol’IICM.. 

[ M. HLK/.nhl«;KR I 

Aspidobranchia 

\i, order of gastropods af*o called Archaeogastro- 
pod. 1 . which include* the mo-t primitive *na.ls 
Ite-pirution i- hv mean- of -ingle or paired ctemdia 
„ r hv a pallid outgrowth. The nervous sv.-tem is 
not com cntra.cd: an operculum t* usuallv presen • 
md the shell i- gencrallv nacreous. Important fam- 
ihes are .he Pulellidae and Acmae.dae. the l.m- 
a Vi— urcllidae. he kevhole limpet-: Hahoti- 

; liar' the ahalone-: and Trochidae and Turh.nidae. 

\ li. lU The marine burins occur in the inter- 

; ”T r 1 ’ i o derthTuf several hundred fathoms 
O h f'unilv the Neritidae. oernrs in the intertidal 
Om in fre-h water and even on the land. 

ing. >Ve CAsmorotn: T*kosohbavc.«.^ 

,, AspidMhirotace ^ ^ winch there are 10- 
„. A Mihcla-s of H ' an(1 tube- feet. There are 

- ^ h ' ,u '' ,h ' 
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Order Aspidobranchia. Some common genera; most Twenhofel, Principles of Invertebrate Paleontology , ?</ 

are from the Ordovician. (A. R. Shrock and W. H. ed., McGraw-Hill, 1953 ) 


terior part of the body cannot he retracted as an 
introvert. Bilateral symmetry of the body i* 
always evident and is sometime* quite conspicuous 
See Asimdociiirotioa; F.i.asipodidi ; Hor.oTifi.Roi- 
di:a. | H. h. kkij ] 

Aspidochirotida 

An order of Aspidochirotacea in which there are 
respiratory trees, and the mesentery of the pos- 
terior loop of the intestine is attached in the right 
ventral interradius. The dorsal tube- feet are often 
converted into tactile warts. Members of the order 
live on the sea floor, feeding on organic detritus 
which they spoon into the mouth with the *hield- 
shaped tentacles. 

Three families of Aspidochirotida have been dc- 
fined: (1) Synallactidae, of which Hathyplotes is 
an example. These are mainly deep-sea forms 
which lack tentacle ampullae. The tube-feet are 
often rudimentary and the eggs large and yolky. 
(2) Holothuriidae. exemplified by Hohnhuria , 
which possess tentacle ampullae and only the left 
gonad. These are shallow-water forms, common 
on reefs and in tropical lagoons. Some species pro- 
vide trepang. (3) Stichopodidae are similar to the 
Holothuroiidae hut have left and right gonads. They 
occur in most shallow seas. Stic hop us is an exam- 
ple. Some species provide trepang. See Asi’inn- 
CMIKOTACfiA; HoLOTHCHOIOCA. f II. FELL] 

Aspidogastrea 

A group of entoparasttes considered to be a sub- 
class or order of the Trematoda. They have strongly 
developed ventral holdfasts whose flveola rions are 


taxonomicallv important. Two f.irnilies. A*pidng:is 
tridae and St ir horotv lidae. an* rerngniml. \*pi<l<. 
gastridae. which are the mn-l cornniMn. ornir ii 
various cavities of moll ti*ki*> and in digestive tr.nt- 
of fishe* and turtle*. Development i* usually dim t 
involving nonciliated juvenile* anti «me h«»*t. l*i-lu*- 
and turtles probably acquire infestation* <»f adisl' 
worm* by ingesting puraiifized molbi*k». Kbingan 
St ichocotv lidae have a -ingle row of alveoli ami 
cur in the digestive tracts of skates. Juvenile Stub 
ocot\lc ncphrops encyst in lobsters and dev do} 
to maturity after ingestion by skate*, thu* ap 
proaching the digeneid life cycle, l.ittle is km»wi 
of the physiology of aspidogastreid* but thev ap 
pear less host-specific than other frcmatodr*. 
Dicknfa; Trf.maioua. | w. j. ii vm.i*. .IK 


Aspirin 


The trade name for acefyl*alic\lic acid. A 
is a white, crystalline, Weakly acidic (pK„ 


spirin 

3.VU 


substance, with melting point 137"C. 

Aspirin is prepared liy acetylation of «ali< ' l* 1 
acid with acetic anhydride and catalytic amount' 1 <» 
sulfuric acid. It is the njost commonly used ana 
gesic and antipyretic against neuralgia, in Alien /■**• 
colds, arthritis, headucltjc. and fever. lnirodn ,r 
*nto therapy in 1B99, it Is dispensed as tablet 1 * ° r 
powder in capsules, often mixed with sodium 
carbonate. Soluble aspirin is calcium acety 


cylate. ... 

Insignificantly offectcd by digestive f 

pirin undergoes hydrolysis in the intestinal ^ 
(alkaline) to liberate salicylic acid * The a 


readily absorbed through the intestinal membrane 
ind i» responsible for the physiological response. 
See Acetylation; Hypothknmm. 

I K. B. Kt.ll> 1 

Assaying 

Measurement of the metals content, and thus value. 
i»f ores and alloys by techniques n f analvticul chcin- 
iatry. Assaying by heat or fire is generally called 
lire assaying. It is used for both precious rnetals 
(silver and gold) and base metal* ( lead, tin, eoppei. 
bismuth, and antirnonx ) in their ore* and concen- 
trates. Wet chemical anal) sis al<o e.m he u^-d for 
assaying hut is discussed elsewhere (see (iimnn.i- 
Hie analysis; Vou mktrh anmy*i*>. Kite assip 
ing is used almost exdusixelv for measuring the 
content of silver, gold, and the platinum metal*. in 
„res. alloys, plating solutions, and reclaimed mate- 
rials such as sweepings, commonlx c alled -weeps 

Fire assaying procedure. Representative sun- 

pits of the material to he as^axed fir-t are weighed. 
Ore samples are then fused in tire presence of a 
tlux to decompose silicate material in the -ample 
and concentrate the metal. With ‘•ample*, other than 
ore**, the fusion step often is 1»\ pa**cd. ith » er- 
tain liighlv concentrated bullions the following 
step. si-orificafioo ,ib*o i*. omitted and tin* next *tep* 
:.re mpellation and parting. 

s umfding. The sample *ent to the a**av labor, i 
ton should be a true sample of the bulk material. 
Willi ores, concentrates and «*wrep* tl»i* i- a**uml 
liv thoroughly mixing, then flushing, coning, and 
<|ii,»rtering the material until a pound or *<» lemain*. 

\ccurate samples of metals and allox s arc ob* 
l.tim-d by sawing or drilling the bulk material 
.a curding to c ertain patterns which ha\e been de- 
veloped from statistical studies of analx*e* of vari- 
ously shaped pieces. The sawings and dtilling*- « on 
-litutc the sample. 

Fusion. For ore samples, fusion is the Tint *tcp 
in fire assaying. The assaxer weighs out 29.166 
grains (g) fone Ion* or a f? ac t ion thereof. 

This he thoroughly mixes with 1?>0 200 g of a suita- 
ble flux containing a large proportion of litharge 
ind various proportions of other reagent* such as 
>*oda ash, pearl ash, borax silica, flour, starch. *»r 
‘*rgo|s. The mixture is transferred to » lav c rucihle** 
•tnd fused hv heating to about 1100'C in a muffle 
furnace. Metallic lead forms from the litharge, al- 
lc»x> with the precious metals, and *inK* t<» the hot- 
0>ni of the crucihle. After cooling, the slag i * hro 
b*n with a hammer and separated from the lead 
binton containing the precious metals. 

orification. The lead button s 5 ! ill contains im- 
ruritics and is transferred to a seorifier. a fnedax 
^i-h. More lead is added and the mixture melted 
a ) about 1000°C for about 1 hour. Muc h of the lead 
°<idizeH. forming a glassy slag. The lead button 
a JJ«dn is hammered free from the slag. 

( up* Hatton. In this step the precious metals are 
k,< parated from the lead. The button is placed in u 
a cup made of a unbalance that absorbs mol* 
tfn metal. U| K >n heating in a muffle furnace, the 
*** is absorbed and the bead of precious* metal re- 
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mains The bead is then weighed on a balance sensi- 
live to 0.005 ing or better. 

^Uli silver bullion of over 500 parts per thou- 
^ . ( 1»I»* 1 bullion of over 750 ppt cupel- 

Jati-.n i , the firs, sta K e «f treatment. The sample is 
InM wrapped in a capsule of sheet lead. 

farting. I he head is treated with dilute nitric 
ac id, which dissolves the silver, thus “parting” it 
from the gold. The gold is washed, dried, and 
weighed. 

Correcting for loss. Certain losses of silver and 
gold are inherent in fire assaying. Prec ious metals 
inav he absorbed in the slag or cupel and voJatil- 
J/cd during mpcllation. These losses may he as 
m,, < h as P >; of the silver and 0.1% of the gold 
present. 

Correction for losses in ores and concentrates is 
made by puixeri/ing and then assaxing slag and 
matc-riu] absorbed by the cupel. With high-grade 
head, a "‘proof of known composition is assayed. 

I lie In** detected in the proof indicates the loss oc- 
curring in the unknown head. 

Pilot asxay. An a*sax for silver and gold is some- 
time* preceded hx a rough pilot assay. For ores, 
this -how*, whether a chosen flux decomposes the 
sample properly. For ore and bullion samples, the 
pilot as*a\ *how* whether there is enough silver 
to in-urc proper parting. If the weight of silver is 
lc** than one-third that of gold, the silver-gold head 
will not part completely in nitric acid. If the silver- 
gold ratio i* too low. silxer is added to the sample. 

Platinum metals. Separation and assay of plati- 
num metal* is a complicated procedure and cannot 
he covered in detail here. A* with silver and gold, 
platinum metals collect in the lead button when 
heated. Thex also alloy with the silxer-gold head 
after nipella’ion. There are sex oral ways of sepa- 
rating the plr* uum. Small quantities may he parted 
h> treatment / -t with sulfuric ac id and then nitric 
acid. The silxer i-* dissolved, leaving the platinum 
metal* in he residue. For larger quantities, wet 
a**ax to* hnique* inav he u*cd. Speetrographie anal- 
\*i* i* growing in importance for identifying and 
estimating the amount of platinum metals in pre- 
i iou* metal heads. 

Weighing. Precious metal assays on ores, con- 
centrate*. *wrep*. and similar materials are re- 
ported as ounces troy per ton (2000 lb). Bullion 
and other alloys containing precious metals are 
genera 11 x evaluated in parts per thousand. When 
reporting in ounce* per ton. the assayer takes ad- 
vantage of the fact that there are 20,166 troy ounces 
in a ton of 2000 lb by u*ing weights of 29.166 g 
or divisible* thereof when weighing samples. He 
can then record assay findings directly as ounces 
per ton. 

f nw -grade silxer. gold bullion, and plated mate- 
rials are usually assaxed in 1 g portions or divisi- 
ble* thereof. 

Modern equipment. The basic theories of as- 

ing have chan god little in several hundred years. 
Vet the equipment of the modern assayer is con- 
tovwwril.TV* «9*rtTo«M?l» is widely used 
to delect and evaluate the pXtftiran TueVsta wtv- 
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tained in silver-gold-plalinum metal bead?* obtained 
in the cupellation step. S peel ro photometric proce- 
dures are used in determinations of several of the 
platinum metals. Many of the assay furnaces now 
in use are heated by electricity and have thermo- 
static controls to govern temperatures. Silver- gold 
beads can be weighed accurately on modern bal- 
ances operated completely by a system of riders 
outside tbe balance case. | w.i.no. ; t..iu.. ] 

Rihfiography: C H. Fulton and W. J. Sharwood, 
A Manual of Fir e Assaying, 3d ed., 1 929 : H. V. K. 
Furman and W. D. Pardoe. *\ Manual of Practical 
Assaying, 7th ed.. 1910: W. F. Hillebrand. i',. K. F. 
Lundell. H. \. Bright, and J. F. Hoffman. Applied 
Inorganic Analysis, 2d ed.. 19.W. 

Assembly methods 

Techniques used to assemble a manufactured prod- 
uct. The development of optimum assembly meth- 
ods has a great influence on cost and end u-e of a 
product. In ancient times skilled « raftsmen pro- 
duced products singly and of varying quality. With 
the development of modern assembly techniques, 
products can be produced with better quality at 
lower cost. Modern assembly methods and the ex- 
tent to which they are applied are determined hv 
production volume rather than operator skill. 

The categories of assembly methods are hand 
assembly, fixture or work station assembly, pro- 
gressive line assembly, ronvevoriared assembly, and 
automatic assembly. 

Hand assembly. In hand assembly, products are 
assembled by hand without the use of fixture-. It is 
usually reserved for low-volume assembly if toler- 
ance requirements do not warrant spei ial fixture-. 
Assembly of large products and of custom built 
apparatus is usually by hand. The assembly aids 
used are of a general nature such as power cranes, 
screw drivers, nut runners, and meters. While 
hand assembly will always have a definite place in 
assembly methods, as volume increases an effort is 
made to upgrade hand assembly to either work- 
station or conveyorized assembly. 

Fixture or work-station assembly. In fixture or 

work-station assembly, jigs and fixtures are pro- 
vided a* operator aids iscr Jr<„ mi t fit. am* ou 
df.sii;n I . Convenient part* bin* and power tools are 
also provided to reduce lost motion and increase 
production. Products may vary in size from large 
aircraft, where jigs play an important part in as- 
suring the close tolerances required, to small-in- 
strument assembly, the criterion for selection be- 
ing the most effective use of labor and capital 
equipment. (Usually no attempt i* made to transfer 
the product mechanically between assembly sta- 
tions. and the range of required operator skill var- 
ies with the amount and type of assembly done at 
each station. The majority of assembly work in 
manufacturing is by this method. It is basically, 
like hand assembly, a hatch process with little re- 
duction of in-process inventory. 

Progressive line. The next Step Up in method 
implies an effort to integrate the various assembly 


operations to provide a How of product usseml,^ 
and reduce in- process inventory. The product 1<t 
transferred manually between operators as it j 
mg assembled. This type is called a progn ss|Vf . 
line. The line may provide only transfer hei\*'. n , 
assembly operations, or it may include fixturing t„ 
allow assembly on tbe line. Properly pared p hl . 
gressive lines increase production and reduce q u 
range of assembly skills required by each upeutur 
One requirement of this method is that each npn 
ator's assembly task be balanced with the line. | r) 
progressive assembly, machines and work Mahon- 
are arranged approximately in the order of tin* ; , w 
semblv sequence even though the produrt dor- m ,i 
warrant a conveyor. 

Progressive assembly can accomplish pared 
duct ion and can lower inventory costs without ,i 
large capital investment. 

Conveyorized line. The next Mep in uwml.u 

methods is the convey ori/ed line. \ (omevnr t ran-. 
fer* the product between assembly operation* 
This is a specialized version ol the prngrr**iM 
line: it muM be designed and for a |., ( r 

ticular product. It mmi.iIIv does not have the ||» Xi 
hilitv of the more general types of assemhlv rnetli 
*»ds discussed above. \ limitation of thi* method i- 
that a hreakdown at anv station along tlx- lint* d<ir 
to a shortage of parts or mei huni< al diffu ullv -toj. 
the entire line. When volume iu*tif)e* jp ihi* ?\j>* 
nf assembly enable- operators to he im»M jundii* 
live and use* inventory most efficiently 

Mechanized or automatic assembly. \\ r# 

produrt rhararleri-tn s ami high volume di« t.it» 
the a**M-mbl\ operation mav be tian«feiied to ,i 
machine lit whole or in part. T*h »- is refetred to 
me* hani/ed or automata* assembly . In mrrli.mi/* d 
assembly the operator feed- parts mdiv i<luallv !«• 
the machine, In automatic assembly the matend- 
handling i*- also met hunized with the .is*rndd- 
parts hulk fed to the machine where they arc o. 
tomatirallv oriented and assembled. \1e<hirmii 
or automatic assembly is mstifier) nnlv with lm‘l* 
volume produrtion. Bequirements on quality «•* 
parts and on machine rnainlenam e are gr» •t* , i 
than for hand assembly. The benefits aie prodmi 
uniformity and high pTodwtion rales \n example 
of automatic assembly is the electro lamp uni"* 
trv. The general types of assembly methods do o »t 
rule out combination* of different type* in |*f f ‘rl-’i' 
ing the *ame product. Standard subassemblo - r,i,n 
be assembled rrierbanieallv or automatically *•» 
assembled later in a range of different prodm - ,r 
a work station or on a progressive line. 

Other improvement.*, in a**emblv * n< l|" ' 
c hange* in produc t design or in assembly niet "" 
to reduce assembly co*tg, Common a**einblv P ,,M 
es*e* such a* fastener insertion and assembly 
Ice mechanized tci cover a range of product" 

In anv case, the assembly method* used am • ^ 
improvements contemplated must be 
against tlu* savings and other benefit* dial 1 1 
may provide. .See I’koui i.iion' i num.i-hin*-- 

1 l>< •< 



Astatine 

A chemical element, At, atomic number 85. Asta- 
tine i# the heaviest of the halogen groups.’ filling 
the place immediately below iodine in K n,u[i VII 
of the periodic table. Astatine is a highly unstable 
element existing only in short-lived radioactive 
forms. About 20 isotopes have been prepared by 
nuclear reactions of artificial transmutation, but 
the longest-lived of these is At 21 ", which decays 
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with a half-life of only 8.3 hours. There is no hope 
that a “table or long-lived form will be found in 
nature or prepared artificially. The most important 

i-ot<»pr. ii^ed for studies, is At* 11 . 

The fir*t identification of an isotope of element 
85 wa» made in 19-K) by I). K. G»r*on, K. H. Mac- 
kenzie, and F. G. Segre, who bombarded bismuth 
with helium inn* in a cyclotron and identified an 
i*otope of element 85 with rna** number 211 
among the products of the reaction. This isotope 
deravs by rapture of an orbital electron and 

MVr bv emission of an ^-particle. The net half-life 
j- 7.5 hour*. The name astatine is from the Greek 
word for unstable. 

Astatine doe* exi*t in nature in uranium miner- 
als, but only in the form of trace amounts of short- 
lived isotope*, continuously replenished bv the 
duw decay of uranium. Radium A in the uranium 
familv of radioactive isotope* undergoes very 
-light branching decay to produce a 2-sec isotope. 
\F l \ Actinium K in the actinouranium series un- 
dergoes \ery slight branching decay to produce a 
M-min isotope. At 21 *. The total amount of asta- 
tine in the earth’s crust is less than 1 ounce. 

In aqueous solution, astatine resembles iodine 
**xcept for differences attributable to the fact that 
Mtatine solutions are of necessity extremely dilute. 


Like the halogen iodine, when astatine exists as a 
hr** element in solution it is extracted by ben- 
fcne. The element in solution is reduced by agents 
| Ur h as sulfur dioxide and is oxidi/ed by bromine. 
'* i* more electropositive than the other halogens. 

has oxidation states with coprecipitation char- 
acteristics similar to those of iodide ion, free io- 
^ ne * and iodate ion. Powerful oxidizing agents 
Police astatate ion, but not a perastatate ion. In- 
^mediate positive oxidation states exist, but are 
Poorly characterized. The free state is most readily 
0 ta ^«d and is characterized by high volatility 
and high extractability into organic solvents. A*ta- 
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l*>»e rose bie , on jn hs ready d epo8ition on 

( : r : i i r ,,th ' a " d si| ver surfaces, and in its 

rrT ' n W ‘ ,h ,nsolul<le sulfides and on 

freshly precipitated tellurium rnetal. 

Animal experiments show that At* 11 is similar 
«• •od.ne ... that it is readily taken up by the thy- 
g and. and in that it causes the selective de- 
• run um of thyroid tissue by the heavily ionizing, 
^non-range part ides. .See Halogen elements; 
LI LLAH HE Af.'l ION ; Radioactivity. [e.k.hy] 
Bibliography. K. W. Bagnall, Chemistry of the 
Kntf‘ Kudin elements, 1957 . 


Astereognosis 

The term which is used in clinical neurology to 
mean loss of recognition of objects by touch in the 
presence of recognition through another sense, usu- 
all> vision. Astereognosis may refer broadly to this 
phenomenon, regardless of its nature or etiology, 
or it may lie used as a synonym for tactile agnosia, 
sometimes railed pure astereognosis. 

Astereognosis, in the broad usage, may be sec- 
ondary to eioss somatosensory defects caused by 
h>ion of tile afferent nerve pathways. It may also 
occur without gross defects of pressure, pain, and 
thermal sensitivity, but in association with other 
sensorv changes, such as impaired localization of 
touch, diminished tactile acuity (two-point discrim- 
ination). and defective postural sense. Concomitant 
difficult) in discriminating the size, weight, texture, 
and shape of objects by palpation is usually en- 
countered. Such a pattern of defects is often 
found after lesions of the cerebral cortex, but may 
a I “o result from selective damage at lower levels 
of the nervous system. Although in these cases 
astereognosis might be the direct consequence of 
the sen-orv changes, the conventional view in neu- 
nilogv is that i >th the failure to recognize objects 
and the disturbances of sensibility are due to loss 
of power to synthesize complex perceptions from 
elementary sensations (see Perception; Sensa- 
tion). Astereognosis. in narrow usage, is synony- 
mous with tactile agnosia. Agnosia literally means 
lack of knowledge, and is used to indicate a loss 
which is intellectual in nature yet restricted to one 
sense-modality Failure to identify objects and 
their function is thought to be based on a dis- 
turbance of associative memory. This view implies 
a theorv of brain function which considers associa- 
tive activities as bas.'d on processes distinct from 
those involved in sensation or movement, sepa- 
rately localized, and hence selectively vulnerable 
to brain injury or disease. It is held that percep- 
tions in the affected sense-modality do not enter 
into association with memory traces of previous 
perceptions in the same and other sense-modalities. 
Such a disturbance is postulated because decre- 
ment* in sensation and in general intellectual func- 
tion are considered insufficient to explain the 

failure of identification. 

The interpretation of astereognosis as a modality- 
specific loss of associative power is open to ques- 
lion It has been shown that sensory reception is 
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often less adequate than had been supposed; for 
example, there may be pathological fluctuations of 
threshold, local inattention, altered adaptation 
time, and paresthesias, undetected by routine neu- 
rological examination. The possible role of motor 
deficits must be considered; recognition of objects 
by palpation depends upon systematic exploration, 
with which slight paralysis or ataxia may inter- 
fere. General intellectual functions should also be 
more carefully evaluated. The recognition of ob- 
jects through different sense- modalities may de- 
mand different capacities; for example, tactual 
recognition depends upon temporal integration of 
successive impressions to a much greater degree 
than does visual recognition. For further discus- 
sion, see Agnosia; Memory. I j.se.) 

Asteroid 

The many thousands of small planetar) bodies 
(planetoids) revolving around the Sun mainly be- 
tween the orbits of Mars and Jupiter are known 
collectively as asteroids. The> are frequent lv re- 
ferred to as minor planets. The possible presence 
of a planet between Mars and Jupiter was first 
suggested b> J. Kepler, and later b> J. F.. Bode. 
The latter pointed out the presence of a gap in the 
empirical law of planetary distances (srr Planet). 
The first minor planet to be sighted. Cere*, was din- 
covered hv the Italian astronomer G. Pia/zi on 
January' 1. 1801. The second, Pallas, was found b\ 
the Orman astronomer H. Olbers in 1802; the 
third. Juno, by another German astronomer, 
C. Harding, in 1804; and the fourth. Vesta, by 
Olbers in 1807. The fifth asteroid. Astraea. was 
discovered by K. Hencke in Germany in 1845. Since 
then the number of cataloged minor planets has 
steadily increased from 13 in 1850 to 1000 in 1%0. 
and it is still growing. Minrfr planets are cata- 
loged only when observations are sufficient to 
determine a reliable orbit; many thousands more 
have been accidentally observed, and the total num- 
ber of those which can he photographed with the 
largest telescopes may be in excess of 100.000. 

Nomenclature. Newly discovered asteroids are 
designated provisionally by the year of discovery 
followed by two letters, the first indicating the half- 
month of the year (omitting the letter M and the 
second the order of discovery in this half-month. 
When an orbit has been computed and cannot be 
identified with that of a previously cataloged as- 
teroid a definitive serial number and usually also a 
name are allocated (until World W'ar II by the 
Gtpernicus Institute in Berlin and since 1948 by 
the Cincinnati Observatory ) . for example. (1) Ce- 
res. (433) Eros, (944) Hidalgo. ( 1566) Icarus. 

OrbHal element*. The mean semimajor axis of 
the orbits (mean distance to the Sun) a is about 
2.9 astronomical units (AID, very close to the value 
2.8 predicted by BodeN law. The corresponding 
mean sidereal period of revolution P is 4.5 years; 
however, individual orbits vary over a wide range 
of distances and periods. While the bulk of the 
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Fig. 1. Distribution of periods and mean distance* 0 f 
asteroids. The abscissa, n, gives the mean motions 
seconds of arc per day. 

asteroidul belt is located between the oitm* 
Mars and Jupiter, with mean di-tam \.n\n,>> 
from 2.1 to 3.5 AG, some asteroid* conic < in 
the Sun than Mar*, for example, ( 133 » l\n»- with 
a 1.16 AG and P • 1.76 year*. Olhei* move U 
yond the orbit of Jupitei, for example 1 91 h Hi 
dalgo wilh a - 5.80 AG and P - I kU war* 

The main asteroidal belt is riot unitm inJ\ pu, «, 
iated; perturbations by Jupiter cause .-e\»*ial \.i 
cant lanes (known as Kirkwood';- gap-i to « \i>l 
distances where the periods ( 1.0. 1.8. and \c.n-. 
would be a simple fraction ( ’ j, and <»• 
that of Jupiter ( Fig. 1 >. ever, when th»- mm.', 
motion is closer to that of Jupiter the peitm I'.ifnip- 
lead, on the contrary, to an accumulation .3 ,t« 
tern ids at distances where the ratios o( tin- peiimi- 
are ; h: (Hilda group). S (Thule gmupi. ami 
(Trojan grout) ) . 

The orbits of the minor planets differ in man ^ 
respects from those of the ma|or planets Hie m 
clination* to the plane of the ecliptic / ate ntim 
larger, averaging about 10". and the enentii< iti» - 
p are greater, averaging about 0.15. A few lu'» 
inclinations greater than 30 and ei centiintie- in 
excels of 0.5. comparable to those of comet, u* 
orbits. The directions of the major axes of the oiHi- 
are also strongly affected b\ Jupiter, about two 
thirds of the perihelia lying within *8) r from ilu f 
of Jupiter (Fig. 2). 

Sizes and shapes. With the exception of 
at favorable oppositions, -the minor planet* ate «“! 
visible to the naked efe; most of the planed 
brighter than -f 12 stellofr magnitude at opp«»-8 ,,,n 
have already been founej. the new discoveries a r» 
usually of objects of magnitude 14 or fainter. ( (» ' 
a few of the larger asteroids show measurable dt* | 
when seen through the best telescopes; the l» r ^ 
is ( 1 ) G?res whose diameter is estimated at 
miles followed by (2) Pallas, 300 miles. (4) ^ d - 
240 miles and (3) Juno* 120 miles. This group * 
sometimes called the Big Four. Practically *11 




Pig. 2. Distribution of longitudes of perihelia of 
teroids. 

jit ion small for direct measurement and tli**ir di- 
ameters can onlv lie itib-ned from appment 

brightness and an assumed value nf the albedo, 
rqual to the average of lli.it of the f our, about 
0.16 (Ores ~ 0.06. Vesta -- 0.261. Diameter** m» 
e-hinated indicate that a dozen asteroid** mav luxe 
diameters between 100 and ISO mile**, from one to 
!wo hundred more between SO and 100 mile*, while 
the ureal majnrits are still smaller. The fainter as- 
l f . M ,ids discovered with large teb***. opes max be no 
more than a mile or two in diameter. Suit bodies 
. aie not -pbeiical. but appear to be mere blocks of 
iiit-nular shape. This i- indicated b\ their fre- 
,, mills large sanations in reflected li^lit drpend- 
mu on the a tea presented to the Nm and l*» Earth. 
IV period of light variations gises aU.» the rota 
Hon period of the hods, general!* a few hours; lor 
example. 7b Utu for I .ft Juno (big. 3*. and ah 
!*un lor tl33» Flos. The iriegiilat shape of Flos 
h.i. observed sisiiallx during its close approach in 
l'»l|. 

Surface structure. The surface stnuture of the 
steroids can. to some extent, be determined fmm 
tiir laws of variation of then mean apparent blight* 
lies* and of the degree of polarisation in their 
light as a function of phase angle. In general th« \ 
Miase in a manner vers similar to the Moon and 

Wciirv, indicating an atmosphereless surface 
"•scred with fine dust, prohabls due to rneteontn 

iinpacts. 

Masses. The mass of an individual asteroid i- 
••Hi small to be determined direct Is bs the met bod- 
'd celestial mechanics; it can onlx be estimated 
from the probable diameter and an assumed nica 
density : a plausible value is the mean dentils of 
du* Moon or of Earth's crust, about 3.1 g cm . I he 
mass of the largest asteroid. 1 1 ‘ t>res, s,> e*ti- 
••titled is only one one-hundredth of the mass »>t tin 
Mnnn, and the corresponding force of grastlv at 
*»■<' surface would be nnl> 3 r J of it- value on Earth. 

that the escape velocity would be on ^ 
k, » ter. It follows that even the larger asteroid* 
1 annot retain an atmosphere. The total tna>s of 1 1 » 
steroidal b^lt j* estimated at alwnit one one thou 
Sl, tthh of the Earth's mass; a large fraction of this 
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mass is accounted for by the few large asteroids. 
'Veil though the very small, very faint asteroids 
an innumerable, their aggregate mass is only a 
niimu fraction of the total. 

Noteworthy asteroids. These include the larger 
ones, in particular (1) Ceres; asteroids which oc- 
casional!) approach Earth closely, such as (433) 
Fro*-; and asteroids with unusual orbits, such as the 
I rojan planets. .Sec Ct,Khs; Eros; Trojan im.an- 
kts. 

I he main orbital elements of the four brightest 
minor planets are given in the table. 


Perihelion 

Period, 

Inclination 


Nfimc distance, \\' 

>ears 

of orhil 

Eccentric 

1 » t ’.ores 2 767 

173 

10°6 

0 070 

Pallas 2 760 

t 71 

31 -ft 

0.235 

Juno 2 670 

4.50 

13:o 

0.256 

Nest a 2.361 

371 

?] 

0.088 


Nnteworths asteroids of the Eros group are 
Apollo. Adonis, and Hermes, which came very close 
to Earth n 1932. 1936. and 1937 but whose orbits 
arc uncertain as thes could be observed onlv for 
vers short times. Of all known minor planets. 

1 1 366 i b ams, for which a = 1.08 Al r . P - 1.12 
sear-, and i = 23^. has both the highest eccentric- 
its <0.83 ) and smallest perihelion distance (0.19 
Al l ; at perihelion it comes closer to the Sun than 
Mercurs. while at aphelion it moves beyond the 
orbit of Mars. 

At the other edge of the asteroidal belt (944) 
Hidalgo, for which a = 5.80 Al T . P ~ 14.0 sears, 
and e - 0.63, has the largest known inclination 
1 42: 3* and largest aphelion distance (9.60 AU). 



fig 3 . light curve, of two asteroids. (After G. Kuiper) 
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slightly exceeding the mean distance of Saturn to 
the Sun. 

Origin of the Asteroids. The presence of myri- 
ads of planetoids in the region of the solar system 
where only one small planet of the terrestrial group 
had been expected was from the beginning attrib- 
uted to the explosion or breakup of a single larger 
planet in the distant past, perhaps during the for- 
mation of the solar system. It is possible, however, 
that the proximity of Jupiter prevented the forma- 
tion of a single large planet and that a small num- 
ber of minor planets, of which the larger ones such 
as Ceres and Pallas may lie the survivors, were 
formed instead. Subsequent encounter* and colli- 
sions apparently led to an increasing number of 
ever smaller fragments scattered over the whole 
range of distances from Mercury to Saturn through 
the action of planetary perturbations, especially by 
Jupiter. Evidence that this sort of process i* still 
going on is indicated by the existence of minor- 
planet "families** whose orbital elements are re- 
markably similar, as if originating from the 
breakup of a single planet in relatively recent 
times. The irregular shape of the fragments in- 
dicated by light variations confirms in general this 
interpretation. The continual operation of thi* 
process throughout the 5 X 10“ or more year* of 
existence of the solar system must have led to the 
formation of countless minute fragments, some of 
which mav be observed directly when they fall on 
Earth as meteorites. .Sec Meteorite. 

[C. UK \ Al'I.Ol l.F.I ns j 

Bibliography: F. G. Watson, Betueen thr Plan 
e/s. rev. ed., 1956. 

Asteroidea 

A subclass of the A‘terozoa in which the arms are 
not sharply demarcated from the rest of the body; 
the amhulacral ossicles never fu*e to form verte- 
brae; the tube-feet are locomotor organ-, usually 
suctorial, and emerge from an open amhulacral 
groove; and the dominant growth gradient* of the 
arm are such as to cause the skeletal ossicles to lie 
in longitudinal rows ( known as series, for exam- 
ple adambularral series, ventrolateral series, in- 
feromarginal series, and so on). Asteroids are 
known as starfishes. 

Although it has long been customary to treat the 
Asteroidea and Ophiuroidea as separate classes, 
this is no longer warranted because W r . K. Spencer 
in 1951 convincingly demonstrated their common 
origin. Most of the supposed differences between 
the two groups vanish when fossil forms are taken 
into account. Accordingly, both groups are here re- 
garded as subclasses of Asterozoa (see Astf.ro- 
zoa). The 1700 known species of asteroids may he 
grouped into five orders, the Platyasterida, Hetni- 
zonida, Phanerozonida. Spimilosida. and Forripu- 
latida. Only the last three are represented in exist- 
ing faunas. The largest starfishes, such as tropical 
species of Linckia, may reach a diameter of 1 m. 
and the smallest arc about 1 cm across. They are 
brightly colored animals but the pigments are con- 
jugated carotenoids and usually fade on preserva- 



Fig. 1. A representative asteroid, Astrosfole scabra 


t i« *n . I hi* most common color- ate oranim and \ ct 
inilion tint*, but \ellow, green blue, ami hrowi. 
*prr ie* are al*o common. \ i»»lel ami \:meg.<t« ••! 
species occur, and deep. -r a -l.iifi*he* aie oJin, . 
rich, saturated ci im*on. 

Economic importance, ^tarh-die- nt the lamih 

Asteriidae do significant damage to «»\-tcr fi-ht-i i» - 
hv attacking and eating th^shellfi-h. In a few conn 
trie* large starfishes ate eaten, but thev are hittc 
and vi»*ld little that h edible. Walruses are re- 
ported to feed on them. Sharp-spinet! *pe< ies i\iii 
cause inpirie^ to the teel of man. 'ITif- most tlatigfi- 
titis i* the tropical Indo- l*a< ific genus \( nnthusti ; 

Ecology. Starfishes taage the coasts of all tb*- 
oceans, and live on all types of bottom such a* roi k 
pools, s a nd. mud. or on algae; *orne burrow into 
the bed. i'.uh aslerias occur* at the ‘urf.tt e 

drifting on floating .sea wrack, a habit whi*h nu' 
account for it- presence on both *ide* of tin* smith- 
ern Pacific. Conspicuous in all marine faunas, star- 
fishes are most abundant and varied on tropical 
coral reefs. As a group they exhibit a wide hath'- 
metric range*. Twelve families occur at depth** 
greater than 2 miles and several genera extend be- 
low 4 miles Mre Fori ii’ti.Aiii)* ; Paxii.losina i 
Individual species, however, show well-defined 
bathymetric preferences; but in areas where tie* 
continental slope is stce|i» and the shelf is dissected 
by submarine canyons, fchallnw-water species fall 
into deep-water communities, and abyssal specie** 
ascend to the shelf. It is probable that surh invader* 
do not hrecd out of their depth. Anomalous h«tb> 
metric distribution especially characterizes lh<* 
shore asteroid fauna of New Zealand. 

Parasites of asteroids are numerous. Small 
snails of the genus Stylifer bore into the 
A polyehete worm, Arhlor astericola , lives in 1 e 
amhulacral groove of A stroperten ; a fimp c c 
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Fig 2. Tronsverse section through arm of jvteroid. 


ca-tiati"* Cosei wisterias by destroying the g<»n ad. 

\ blonder fi-li. Fierasfer , inhabit- the body ia\ity 
( ,f Culeitii, apparently entering by the mouth and 
\\ ]vn boring through the stomach wall. See Pmu- 

,,U< < \-IKA‘IJOV 

Anatomy. Ciliated eetorlerm cover- llie whole 
|„h!v. including the skeletal plate-. Internal !•> the 
i ode rm i- a weak mu-cular la\»>r !►> whi<h the 
jnn- ran be »t«» ed -lowly, unlike brittle star-. 
|V,e are u-ually .*> arm-, but 6 11? arm- on ur in 
mA n\ specie-. Scpiare form- with only 4 radii are 
.llmormalitie-. Bii-ingidae have numeiou- long 
deader arm- which increa-e in number with age. 

lining the ambulaeral groove below each arm 
\Y\<i. 2i are two longitudinal -erie- of ambulacra! 
pla,;.. which adjoin on the inidline. Thev roof over 
ik groove to protect the structure, within it. 
Mamelv the radial water ve-el. the radial nerve, 
u.d the tube feet. The amhulav ral ldate- articulate 
,tl„ng their outer border with a -erie- of adanthu 
la. ral plates. The re-t of the hodv i- protected hv 
Mattered or regularlv arranged plate-, -nine of 
which hear -pine-. Special marginal plate- may oc - 


former types occur in forms which inhabit soft 
nmd hanks, and are presumably used as oars or 
-tilts as the animal paddles or totters through the 
slime. Forms with suctorial tube-feet use them for 
climbing and descending obstacles, for gliding over 
the sea floor, and for capturing prey. 

Feeding habits. Starfish feed on whatever is 
available, with a decided preference for any small 
animal- they can swallow whole, especially crus- 
tacean-. young mollu-ks and sea urchin-. Deep-sea 
-perie-. however, are compelled to feed on the or- 
ganic* c ontent of mud. which they swallow in la r ge 
amount-. The Nsleriidae include large predatory 
-turfi-lie- which overpower and cat bivalve mol- 
lu-k*. The attacker first slowly tears the valves 
apait and then digest- the shellfish by everting the 
-tomac h through the mouth and engulfing the prey- 
in it- fold-. Some -tarfi-hes seem to paralyze the 
-liellfi-h thev attack, hut the paralysis is appar- 
ent lv the result of exhaustion, not a toxic secretion. 
11. Feder fl%5l has shown that mechanical 
-tie— e- applied by a -tarfi.-li suffice to overcome the 
rnollu-k. -’id Christensen fl957) has measured 
the force- involved. When opening a clam, Evaste - 
rias trouhelii employ- the longitudinal muscula- 
ture of the tube-feet and exerts a suction ecpiivalent 
t«> rai-ing o kg through several mm at a rate of 
1.2 mm min. and can hold thi- load for several 
hour-. 

The mouth i- in the middle of the lower (adoral) 
-ur lac e of l In* disk and lead- through a short esoph- 
agi!- to a rvlobed cardiac stomach. The latter may 
he extruded through the mouth and applied to food 
or prev too large to ingest. Above it lies the pvlorie 
-tnmueli with 5 radial branches. Kach branch forks 
to hum 2 blind caeca and a pair enters each arm. 
The caeca ar«» dige-tive glands. In most starfishes a 
-hurt intc-ti ( leads upward to the rectum and 
anu-. near th • middle of the upper (abnraD sur- 
face. There mav he 2 or more short, blind, intesti- 


»ur..vc PlUNMtOZOMc»\. 

A-tcroick like ecliinc.kk prdi.cllame 

i Fi B . .1i. These an* -mall gra-pins nrpan- »n the 
■kin, or attac hed to ‘■pine-. u-ed for cleaning or 
inotcTtiim the skin. Simple pedicellariae compii-e 
a group of 2 4 spine- with muscle- whic h enable 
them to close in upon one another. M"-t p>‘< •* * •' 
tiae are more npcciali/rd. and thev *'f!er catute 
■Mi, l in classification. Thus, the Forcipu ata arc 
characterized hy pedicellariae whic h re-« m > * nun 
iature crossed pincers or scissors. Other types m 
1 1 tide the valvate, which have 2 movable elements 
'innlar to the valves of a cockle-hell: am c i 
t^lal. which resembles 2 interlocking cat - paw • 

The well-developed water-vascular system ° 

l"w- the pattern for the phylum, with the fol owing 
di'.tinctivf* features. With the exception ol som* 
Paleozoic genera, the madreporite is always on ie 

»PPer Uhoral) aide. There is usually only °nc 
Madreporite, interradial in position, hut . L * 5 

'‘faster carries 2- 4, and Acanthaster up to > 
n ’ e, t more. The tuhe-feet are either P e * hkf ‘ 
More often* suctorial and highly muscular, ine 



j. Pedicellate of asteroid, (a) V-hjJ. >» 

i of Hippasteria tro t ana. (b) FehpeUa 

?<£££» *- “ 

ied type, as in Forcipulatida. 




Fig. 4. Anatomy of the starfish Astarodon roBustus . 


n&l caeca. Some starfishes lack an anus, and the 
feces are ejected through the mouth. 

Respiration and water balance are aided by 
small contractile outgrowths of the skin, the papu- 
lae. They contain coelomic fluid. 

Nervous system. The nervous system follows the 
pattern for the phylum. The radial nerves retain a 
superficial position in the ectoderm that lines the 
ambulacra! grooves. Starfishes cannot see hut fhe> 
ran detect variations in light intensity, such as 
shadows cast by potential prey, by using photo- 
sensitive eyes pots, which are located one at the 
tip of each arm. Special tube-feet also occur at the 
arm tips which are held erect and probably contain 
taste receptors. Vibrations which accompany some 
sounds can also be detected. 

Reproduction. Evidence suggests that some, per- 
haps most, starfishes are sexually mature after one 
year, but continue to grow for 3 or 4 years. They 
are probably short-lived. Growth occurs mainly in 
summer or when food is abundant. The sexes are 
usually separate although not externally distin- 
guishable. The gonads lie in the interradii, some- 
times in pairs, and sometimes they extend into the 
arm*. They have separate ducts to the exterior and 
both eggs and sperm are shed into the sea water 


where fertilization occur**. If a larva develop- it i- 
a bipinnaria or derived tvpe. Many specie- la* k 
the lurval stage. Some brood the egg**, worm* «'iit r\ 
the voting in a cluster over the mouth (some \nt 
ardic genera), some carrv them in a dorsal mar 
so pi tint ( Bteraster ) . und some hatch them in tin* 
stomach f Leptyrhaster) . Some species regular!' 
reproduce asexually by transverse division < Via- 
stichaster) . Regeneration occurs after injurv (.'in- 
stant loss and replacement of arms goe* <»n in 
Lnidia. Some species of Li nr kin, and of a few other 
genera, can regenerate the whole animal from 
ered arms, and thus produce so-called w r0,n,,,k ' 
.See Echinodk.km ata; I’lkithkho/oa; 

\ri»A; Pi.atyastkriua; SplNUl.OSlNA. (h. »• rM J:' 

Bibliography : A steroid ea of the North Pan?*- 
and adjacent water. % f Natl. Museum Bull * 0, 

pts. 1 3. 1911 1930; C. $chuchert, Revision o/M 
leozoic St die roidea , U.JJL Natl. Museum Bull. 8 ■ 
1915; If. B. Fell. Phytogeny of Sea Stars IM- 
Trans. Rcry. Soc. London* Scr. R 
1963. 

Asterozoa 

One of four known subphyla of echinoderms < ^ ■ 
acterized by the star-shaped body and radia > j 
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vergenl axes of symmetry. The earliest Asterozoa 
occur in the upper Cambrian, and had pinnate arms 
like those of present-day crinoids; this feature sug- 
gests their origin from a crinoid-Iikc, anc estry. 

The Aaterozoa form a relatively uniform assem- 
blage, and are all placed in a single c lass, the Su l- 
l e roidea. whose characters therefore coincide with 
(hose of the siihphvlum. The radial water vessels 
extend along the underside of the arms, external to 
the ambulacra! ossicles, and tube- feet are restricted 
to the lower side of the body. The madreporite lie- 
in the integument. 

There are three subclasses; (1) Sorna-tcroidcu, 
comprising generalized forms with < rinoid like fea- 
turcs. ranging from the lower Paleozoic onwards; 
l2) Asteroidea, the sea stars or starfishes; and (3) 
Ophiuroidea. the brittle stars. Although rmhrvologi- 
cal evidence once seemed to implv that ophiuroids 
and asteroids were not nearly related, it i- now 
known that both groups arose from a common so. 
masteroid ancestry. See Astehoidev ; Eciiinodf.r- 
mata; Ochu’Roiiiea; Somasieroiuea. |h. n. jell] 

Asthma 

V common pulmonary disease marked hv attack- of 
wheezing. coughing, and a feeling of suffocation or 
inability to obtain ade/juate amounts of air. The-r 
attacks are usually precipitated hv some inc ident 
Midi a* emotional stress, exertion, or irritation, or 
exposure to an exciting allergenic substance. 
About one-half of all case* of asthma result from 
wmmI i/at ion bv Mime kind of allergen, such 


Astomatida 

An c»rder of the Holotricha in which all species are 
niouthless. All species are parasitic in other ani- 
mals, typically oligochaete annelids. Many possess 
an elaborate holdfast organelle, of value in attach- 
ment to the c ells or tissues of the host’s alimentary 
tract. Some authorities recently have considered 



Anoplophryo, an example of an astomatid. 

the *ptvie> of this rather large and ill-defined 


f.ullen*. dust, food*, and drugs. The others di-plav 
nn -pecific form of hypersensitivity hut mmitionU 
follow infections of the pulmonary structure-, 
minuses, t»r related tissues. Most of these infection- 
are of a chronic or recurrent nature and apparently 
! predispose the bronchial tissues to episodic reac- 
j ;i«»ns to many nonspecific agent*. See HyI'ERsENsi- 
miiY. 

In either type the bronchioles, or smaller air- 
wav*. are constricted, especially during expiration; 
variable amounts of mucous secretion are present. 
Hid there in usually a marked edema of the affected 
(issues. Asthmatic attacks tend to subside sponta- 
neously in a relatively short period of time, but 
;>r«longation of severe symptoms, known as status 
asthmntirus. may be rpiite serious. 

Many children who develop asthma tend to im- 
i*r»»\e spontaneously, hut others mav develop pro- 
gressive disease accentuated by recurrent pulmo- 
nary infection a. 

specific cures are available through iherapv. 

, but descnsitization* symptomatic relief, and treat- 
r -Rt of underlying infections usually are effective. 

relationship lift ween asthma and the emotional 
pattern of certain patient a has caused psychother- 
8 P> to be included a* a form of treatment for some 
Persons. 

Nt* tendency toward chronicitv and recur* 
I rf ^ indicate* that early diagnosis, the idmtifica- 
I l,on of specific causative or predisposing factors, 
j an< * insistent treatment will favorably affect the 
t ^Wosis, See Psychotherapy. ft. c. stpakt] 


group to represent nothing more than degenerate, 
aMomatou* members of certain other groups, such 
a> thigmotrichs, apostomes. and possibly hymeno- 
-tome-. Arwplophrya (see illustration) is a typical 
example. See J Toloiriciia; Oucochaeta. 

[j. O. CORLISS] 

Astrapotheria 

A-trapotheies are large, extinct, aberrant, herbivo- 
rous ungulates remarkably specialized in every re- 
gard. They are known from late Paleocene, Oligo- 
rene. and Miocene deposits of South America only. 
The order consi-ts of the Trigonostylopoidea (Tri- 
gonostvlopidae: Trifionostylops and Sheeenia) and 
the Astrapotherioidea (Astrapotheriidae: .4/6crto- 
paadmu istrapotherium , and others). 

In the more advanced genera the skull was ex- 
tremely shortened v .criorly. the upper incisors 



Restoration of Astrapotherium 
the Miocene of South America 


magnum skeleton from 
. (After E. Riggs. I* 35 * 



602 Astrolabe, prismatic 

were lost, and the premaxillary was reduced to a 
nubbin between large, curved, and persistently 
growing canines. The dentition apparently was 
complete in early forms. The lower jaw protruded 
well beyond the front of the skull and the lower 
incisors apparently met with a tough upper lip 
forming a cowlike cropping mechanism. The cheek 
teeth were like those in rhinoceroses and the last 
two were enlarged. The nasal openings were well 
back on the skull, and the animals may have pos- 
sessed an elephantlike trunk. The front legs were 
stoutly built as compared to the hind legs. 

Although similar in several characters to notoun- 
gulates. astrapotheres were probably more closely 
related to members of the Utopterna and Con- 
dylarthra. See Condylarthra; Litoptkrna; No- 
TOUNCl'LATA. [c.T.J.] 

Astrolabe, prismatic 

A surveying instrument used to make the celestial 
observations needed in establishing an astronomi- 
cal position. The instrument (Fig. 1) consists 
of an accurate prism, a small pan of mercury to 
serve as an artificial horizon, an observing tele- 
scope with two eyepieces of different power, level 
bubbles and leveling screws, a magnetic compass 



Fig. 1. A prismatic astrolabe. (U.5. Navy Hydro- 
graphic Office) 


and azimuth circle, adjusting screws, flashlight- 
battery power source, light, and a rheostat to con- 
trol the intensity of illumination. 

By using a fixed prism, the instrument measure 
a fixed altitude, usually 45°. As shown in Fig. 2, 
a light ray R from a star enters the upper face of 
the prism and is refracted so as to pass down the 
tube of the telescope to the eyepiece. At the name 
time, a parallel ray R' from the same star is rf *. 
fleeted from the mercury horizon to the lower face 
of the prism and is also refracted down the tube of 
the telescope. 

As a rising star increases altitude past that for 
which the instrument was constructed, the direct 
image appears to move upward from the bottom of 
the field of vision to the top. The image reflected h\ 
the mercury horizon appears to move downward 
from top to bottom. Thus, shortly before the tiding 
star reaches the fixed altitude, the rays (a) and 
(o') product images at the bottom and top, re- 
spectively. of the field of view as shown in the upper 
inset at the right of the illustration. As the star 
continues to rise, the two images approach eu<h 
other. At the established altitude, the rays \h) and 
( h ') both produce images at the center of the field 
of view, as shown in the lower inset. As the M.ir 
continues to rise, the two images continue their 
apparent movement, again separating. For a setting 
body, the apparent motion i* in the opposite direc- 
tion. The prism, when installed, is rotated dighth 
about the telescope axis so that the two image- 
will be close together on a horizontal line when the 
fixed altitude is reached, as shown, rather than 
coincident. 

A fixed altitude is used to minimize error due t«. 
variations from standard atmospheric refradimi 
Each accurately timed observation provides one 
line of position. The established position is at the 
center of the inscribed circle of the figure formed 



Pig. 2. Optics of a prismatic astrolabe. (U.S. Navy Hydrographic Office) 






by a number of lines of position. An increase in 
the number of observations decrease, the random 
error of the position. 

An “astronomical position" determined |, y a 
prismatic astrolabe is subject to tt small hut some- 
times serious error due to deflection of the veith al 
by gravity anomalies in the earth. | v. ». moody] 

Astrometry 

Measurement of space-time relations „f ceh^tial 
objects, primarily as observed on the celestial 
sphere, that is. perpendicular to the line «,f ^1,1. 

Visual Star location. Over the pa*t two centiilies 
the positions of celestial object* have been mens, 
ured visually w ith small, stable telescope, droned 
to meusiire meridian altitude* with high pre< i<ion. 
These transit or meridian-circle telescope*. and 
their variations, in combination with -idereal 
rlocks, are the instrumental backbone of cla**i<ij| 
knowledge of the position* of celestial ohje* t* on 
the celestial sphere. 

The positions are in the form of the two « oordi- 
nates, right ascension and declination, referred to 
the celestial equator and vernal equinox. Results 
of these observations made at different observato- 
ries are compiled in catalog* of *t:»r position*. Dif. 
ference in positions obtained at different ep»»* h* 
jiki v be anulv/ed in term* of the pre< e**ii»n of equa- 
tor and ecliptic, and the proper motions of the 
-tjfs. The latter, in turn, mav be analv/ed fni -« »lii r 
motion and galactic rotation. 

Faint star photography. While the portions of 
Sun. Moon, and planet* are thus ea*il\ obtained. 
<-nb -tar* brighter than about tlie tenth magnitude 
• an he ohserv^l in thi* fashion. her.in*e of the lim- 
ited -i/e of the instrument*. Photograph", derived 
from standardised "mail telescope* in different 
locations, have vielded a*trngraphi< data cata- 
loged a* the ('arte du Ciel. which include* stars 
down to the thirteenth magnitude. The positions of 
•tar* down to the eighteenth magnitude and fainter 
are obtained photographicallv hv specially de- 
signed powerful telescope* of short focal ratio. Bv 
referring the slats to distant galaxie* a close ap- 
proach is obtained t*» absolute positions. The pho- 
tographic method has become increa*inglv impor- 
tant and now has perhaps reached its highe*t point. 
Xmong the most important results of the photo- 
graphic method is the wealth of newlv discovered 
faint *tar» of large proper motions, all of which 
have proved to be comparatively nearhv. 

Interferometric methods provide limited astro- 
metric data. Quite likely in the not too distant fu- 
hire image-tube techniques will become significant. 

Long-focut photography. A special branch of 
Wrnmetry is long-focus photographic astrometry, 
b'oiirate stellar positions referred 1«» faint, distant 
t^ferenr.e stars are measured by means of refrar- 
[° rs f> f focal lengths of B m or more, commonlv of 
ar Rc apertures of 40 cm or more; that is. with fo- 
ral ra ^o» tip to // 20. Instrumental and atmospheric 
fables caused hy differences in colors of stars are 
m * n itnired through proper choice of plates and fib 
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ter*; sharp photographs are thus obtained. Origi- 
" , V photographic, astrometry was de- 

vHop,.d for the spec ific problem of stellar parallax, 

, t a " a n? r h,J,t a body of information on the 
distances of stars now exists. The method has been 
extended to other astrometric problems requiring 
ugh prec ision, sucli as the orbital motion of dou- 
W slB f r *- mcluding the discovery and measure* 
merit oF unseen companions from the perturbations 
J»n visible primary star*. The accuracy appears to 
*e bruited hy the properties of the optical field of 
the tclr*cop P . of the photographic plate, and of 
the measuring machine. It is difficult to reach an 
acc.irarv higher than about 0.01 second of arc; for- 
tunate]^ many of these astrometric phenomena ex- 
M-cd thi* limit. .See Parallax (astronomy). 

A special field of astrometry relates to relative 
positions of double stars, measured hy visual, pho- 
tographic. and interferometric methods. See As- 
tronomic \l insiri mknts; Cf.lkstul sphere. 

[p. VAN l)E CAMP] 

Bibliography: S. Flueggc fed.). Hand buck Jrr 
Phwik. »l. SO. 19S7: P. van de Kamp. Ele- 
ment* of long focu* photographic astrometry. Pho - 
togrammvtn'r Engineering. 22(2 ) :314 325. 1956: 
1*. van de Kamp. Long-focus photographic astrome- 
try Popular Astronomy , 59:65. 129. 176. 243. 1951; 
K. A. Strand. Astrometry. Smithsonian Contrih . to 
Astroph) sirs , 1 ( 1 1 :21 24. 1956. 


Astronautical engineering 

The engineering aspects of flight and navigation in 
space, for which the term astronautics is coming 
into general u*e. The terminology thus parallels 
aeronautical engineering and aeronautics as ap- 
plied to aviation. Astronautical engineering deals 
with vehicles instruments, and other equipment 
u*cd in *pacr- bat not with the sociological or eco- 
nomic aspect of space flight, except as they influ- 
ence the equipment. 

Space. The boundary between the atmosphere 
:»nd *pac e i* a matter of debate. Few contend that, 
for practical purposes, it lies much more than 100 
miles above the surface of the Earth: some would 
put the boundary lower. Over 99 f 7 of the Earth’s 
atmospheie lie* within 20 miles of its surface, but 
the air thin* slowly above that height, merging 


imperceptibly with outer space, which even in its 
farthest reaches mav contain a molecule or two 
per cubic inch. V rh the boundary of space so 
indeterminate, a more precise definition of a space 


mission i> on the ba*is of velocity, the space mis- 
sion being at or above the velocity required to 
circle the Earth completely as a satellite. 

Because there is no sharp line of demarcation 
I, el ween the atmosphere and space, some overlap 
e\i«r* between aeronautical and astronautical cn- 
cinrering (sec Aebonmith-ai. engineering). 
Nevertheless, astronautical engineering is unique 
in many aspects; there arc far more differences 
than similarities in the (wo disciplines. 

Contrast between aircraft and spacecraft. There 

i* U lark of parallelism between current astronautic 
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and aeronautic vehicle terminology. An aircraft i$ 
a self-contained vehicle, having within its structure 
essentially all the equipment required to transport 
its payload from one place to another. A spacecraft, 
in the more restricted sense, is the container for the 
payload. Sometimes the word is used to denote the 
container and payload. Most spacecraft, to date, 
have had either verv limited propulsion or none at 
all. 

Since enormous speeds are the hallmark of all 
aeronautic missions, unpowered spacecraft require 
a “booster,” or “launch vehicle,” usually a rocket 
many times as large as the spacecraft. The weight 
of the spacecraft, in fact, seldom exceeds five |*er- 
cent of the total launch vehicle weight. 

Aircraft structures are designed to house the 
payload and to obtain life and control hv inter* 
action with the atmosphere. Spacecraft structures 
must properly house the payload in both the atmos- 
pheric and space environments. Space vehicle* are 
usually expended on one flight: aircraft are de- 
signed for many years of service. Spacecraft are 
lifted by the thrust of their rocket engines, steered 
by directing the thrust, and usually employ no 
wings or fins. Where aerodynamic effect-* arc en- 
countered, such as in leaving and reentering the 
atmosphere, the speeds involved usually differ from 
those of airplanes by an order of magnitude. Sec 
Sr ACECRAt r stri cture. 

Airplanes are most frequently propelled bv air- 
breathing engines, which u*e the oxygen of the air 
for combustion. They produce their thrust by 
changing the momentum of the air. Spacecraft use 
rocket engines exclusively, although some pro- 
posals have been made to use air-breathing engines 
for the initial phases of a spaceship's ascent. 
Rockets contain within themselves both the energy 
(fuel and oxidizer! and the mass whose momentum 
is changed for propulsion. Sea Rocket evune. 

Airplanes are usually guided by a human pilot, 
spacecraft by automatic or remote controls. The 
precision required in space navigation makes it 
probable that spacecraft will always depend heav- 
ily on automatic control, although men may serve 
to monitor and adjust the equipment. 

Electric power for auxiliary purposes is easily 
generated in aircraft. The propulsion engines for 
airplanes must operate continuously during flight 
to overcome the ever present aerodynamic drag. 
Electric generators, driven by the main engines, 
supply the required power. In contrast, space vehi- 
cles coast freely during practically all of their use- 
ful lives. Solar cells and nuclear reactors are two 
obvious means of supplying electric power. 

Cost and reliability. The cost of putting a pound 
of payload into earth orbit has varied from about 
$100 to over $1000. Thus designers have been justi- 
fied in going to great lengths to convert a pound of 
structure into a pound of payload. Great improve- 
ment appears possible in this respect; only the cost 
of the propellant, about $1 per pound of payload, 
seems to be irreducible. 

In view of the high coat of space operations it is 


especially important that space vehicles operate 
long enough to successfully fulfill their missions. \ 
severe reliability requirement is thus imposed up„ n 
vehicles and equipment intended for missions Mll .j 
as journeys to the planets, which may require up to 
a year or more to accomplish. For complex equip, 
ment in space vehicles, operating lifetimes of 
order of magnitude are difficult to attain. 

Because astronauticul engineering is » trails, 
portation science, it is convenient to discuss it i tl 
terms of vehicle, environment, and interaction fie 
tween the two. See Space. vehicle. 

Escape velocity. Gravity is a dominating j n 
Alienee in the design of space vehicles. To acinic 
even a low orbit, a vehicle must expend an amount 
of effort equivalent to climbing out of a wHI „ urne 
40(X) miles deep. The task is roughly equivalent to 
driving a car from San Diego. Calif., to Bangui. 
Maine, while dragging a cement hlurk as fieavv a * 
another automobile, with no gas station-* <*n i„„p. 
As a result, a space vehicle it sits on a launching 
pad consists mostly of propellant. 

The pull of the Earth's gravity on a bod\ extend* 
indefinitely far into space and vuries inversely with 
the square of the distance to the renter of the hods. 
More generally, gravitational attraction exist* lie 
tween any two bodies. Sir Isaac Newton expired 
the quantitative relation as F * gimimj r 2 ), where 
g is a universal constant, m . and are the nia^c- 
of the bodies in question, and r i* the distance he 
tween their center* of mass. 

Despite the fact that the pull of gravity extend- 
to infinity, it is nonetheless po*sil>|e to »*-*< ape per 
manentlv from the Earth's gravitv in the -en-r «>f 
never being drawn back to the ground (.tec 
I.UE. A R T I H * ! At. I . The kr\ is -speed. Circular \cU 
ity is the minimum at which a space vehicle can 
remain permanenth above the Earth. \t h>w alt i* 
tilde-*, this velocity is almut US.tXX) feet per mm mid 
tfps). 

As the speed is increased above the Micular u* 
locitv. the path of a vehicle become* a larger « inh* 
or an elongated ellipse. When the speed rcaiV* 
37.000 fps. or about 7 miles a second, the path be- 
comes a parabola and the vehicle will travel along 
one of the legs to infinity without further propul 
•don. Sre E.Sf APE VKMjf ITT. 

Propulsion requirement!. These velocities an* 
tremendous by any previous standard. To reach 
them a vehicle must tarry the corresponding 
amount of energy ir. the f$nn of propellant. 

Even with the most energetic propellants and tin 
lightest structure* it ha^ not yet been possible t" 
reach orbital velocity witji a single rocket. 1° oUf 
come this seemingly inafrniotintable obstacle. on< 
rocket i* carried as the? payload of a larger we. 
When the larger burns put, the second is 
and add* it* velocity to : that of the fir**- * 
known as the step-rocket or staging technique. - lt 
Rocket staging, . . « t 

For lunar and planetary mission** ligl h , * pl 
vehicles, powerful profrellants, and many •“ 
must be used. The lunar-orblt-rendezvoii* me 



require* a total of six Mages to take the Apollo as- 
tronaut* to the Moon and hark. The laun.h will 
involve the full thrust of the first and second -tagev 
and the partial burning of the third stage of a Sat- 
urn V. The third Mage will be reignited to ac hieve 
escape velocity. The fourth, the service module 
tSM). use® Mime of its propellant to enter an orbit 
around the Moon. The fifth Mage, the lunar e X r llr , 
sinn module desc ends to the surfa, #■ of the 

Moon, and the sixth returns to the SM. whirl, then 
provides the impulse to return to Karth. Final hrak 
ing i* accomplished by utniospheiir drag. 

Three different propellant c ombination* art. „^d 
for primary propulsion. The lir*l Mage. which c om 
prises 78 r f of the lift-off weight, u*o* derive. <h»*ap 
propellants liquid oxygen and kerosene. The . 
„Tid and third stages use li«|iiid oxygen and liquid 
hvdmgen. Hydrogen given high pcrfoimam e hut 
has a very low density and boiling point. 'I he s\J 
and the I.KM. whic h must coaM in -pare for *r\eij| 
day*. use noncrvogenic nitrogen tetmxide and 
mixed hydrazines. 

Guidance and control. Although propulsion i* 
the kev to spare flight, other element- an* e— ential 
jnd present numerous new problem*. Dm* *urh ele- 
ment is guidance and control. For the* a*« ent pha c 
i,i spare vehicle flight, guidance* *v*tr,n* -innlar to 
tho-p n-ed for ballistic* nii*silr* are emploved. foi 
a d *cu**ioii of these, Mismi.i <.i idsm ► 

1 1 MS. 

Vnother control Tequiremenl of main tv pc* of 
-pare \ chicles is that of maintaining the desired 
vehicle attitude over long period* of time* I)i- 
I-hennent gvro*roprs. even excellent one'* with 
\rr\ low drift rate*, cannot provide an accurate 
reference for davs or week*. Such device** mu*t 
k i or reeled frequentlv bv an external reference. 

\t least two such references are available: 
*ci»iree« of electromagnetic radiation, and the gravi- 
tational gradient. The first might he u*ed bv such 
devices a* a sun-*eeker a star-trac ker, or a horizon 
manner. All of these detect source* of emitted or 
rrfhvied radiation. Of special interrM i* the ho- 
rizon-scanner. which indicates the direction of the 
vertical with respect to the F.arth. 1 hi* direc li«*n i* 
vital for orbital missions whic h relate to occur- 
ence* on the ground such as meteorological ob- 
servation. 

In the vicinitv of the Earth for anv large cele*- 
* *ial hodO the difference in the pull of gravity be- 
points on the craft having different diMance* 
' rf ' n ' the Earth can be usefullv etnploxed. 

Auxiliary power. Vehicle and payload eqnip- 
mpn * require electric power. This power. gencrallv 
"leaking. imi*t be provided in rather generous 
quantities and. in many rases, for long period* of 
! imf * The energy required can be carried along, or 
* ! t an he supplied by the Sun. For small amount* of 
^RY. chemical sources, such as batteries or 
T^mically fueled generators, may be used. \ great 
ffl l more energy ran be obtained from a nuclear 
factor. Energy cornea continuously from the Sun 
1,1 M * Wrly low density at Earth's distance. 
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n ° larKer ,han « basketball ap- 
I,,,', ! r i , e ' ,arge f J “ wer outputs are possible, 
dH „„ J h 7 x,M>nse /* f .^usid^bJe weight An ad- 
’ “ lr, ”Kcnt limitation to the use of nuclear 
m ‘ ,hf ‘ rad,atlon 'hat they K ive off. For hu- 

i' r, ' w riu “ r nbers, « r sensitive payloads, heavy 
hluig i* required. 

S here vmalj amounts of power are needed, but 

ZS: K " f . ,ime \ M,,ar cner R> presents an 

* oim c. Solar batteries are particularly attrac- 

?/ ' '“"'■f *hev have no moving parts and thus 

. , ! r % , d n"’"daliility. Present solar cells oper- 
* ' efficiency with some improvement in 
prospect ( see Sot. ah rattkky ) . In space near the 
r.jrth. each square foot of surface normal to the 
un s ra >s receive, about 150 watts of solar en- 
erps. Of this, perhaps 10 watts can he delivered to 
the pav load. \ .trious schemes for obtaining the re- 
'pnr' d intercept area have been proposed. If power 
requirements are low. the solar veils are mounted 
on the spacecraft. If the entire external area of the 
craft does not provide sufficient area, special panels 
are provide.'! that unfold once a space environment 
i* reached. 


Ground communication and support. Com- 
at ion* equipment comprises an essential item 
“f m arls all *pace \chi» les. This equipment is de- 
*igrif*d fur light weight, low power consumption, 
and. u*uallv. long life. It may he designed espe- 
f bdl\ to operate in a Mrong radiation environment. 
Ihe equiiunent transmit* data generated within the 
*p.i< r vehicle, receives commands from the Earth, 
or emit* *ignal* to permit the vehicle to be tracked 
hv a ground Mation. 

Nearly all -pace vehicles have the items previ- 
ou*ly mentioned: propul*ion. guidance, power sup- 
plv. eonivr. .no ifions. In addition, there will be 
*pn ialized pa ‘oad item*, depending on the func- 
tion the vehicle is to perform. These may include 
-eientific in-truinent*. telescope*, communications 
relay and storage equipment, or human beings. 
There i* al**> the * pare frame to house all of these 
and to provide the required environment in the 


vacuum of -pace. 

Although a large percentage of the problems 
and mo*t of the romance of space flight are as- 
-ociated with the vehicles, it would be a mistake to 


-*ume that lhe*e constitute even a major fraction 
f the total operatin*. svstem. Indeed, the cost of 
(vetcnining the Farm * gravity is so great that any 
nation of the total operation which can he per- 
ormed on the ground should be done there. 

The supporting ground equipment consists of 
he preparation and launching equipment, and the 
racking, communications, and payload-oriented 

•quipment (or turning the received data into use- 
,ble form. For mi-inns which involve return of 
q,ace vehicles or booster rockets, recovery equip- 
ment mav also be required. 

I aiinch and checkout equipment closely resem- 
,‘ ud sometime i. identical with) that used 

. to I«IK-* »(*«» «■" 

rrtMPl.KX'. .''rnmnnKaliniiP pqu'P- 
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ment is generally distinguished by the use of large, 
high-gain antennas* coupled with extremely sensi- 
tive receivers. These receive the low-power signals 
from the spacecraft. Precise radio and optical 
tracking systems, together with electronic com- 
puters* permit rapid and accurate determination 
and prediction of the position of space ships. 

Reentry. In their interaction with the terres- 
trial and atmospheric, environment during reentry, 
space vehicles resemble ballistic missiles. How- 
ever, although ballistic reentry techniques have 
been proved successful, the use of winged vehicles 
also has certain attractive aspects (see Hypersonic 
flight). There is a basic difference in these two 
methods in respect to the way atmospheric heat is 
handled. The ballistic approach absorbs the heat 
in the reentry body, or rejects it back to the air by 
mass transfer. The winged vehicle dissipates the 
heat by radiation. 

Environment. Aeronautical engineering must 
contend with the unique environment of space out- 
side the earth’s atmosphere. Here it is necessary 
for the engineer not onI> to learn and apply new 
information, but to rid himself of many old con- 
cept* and rule-of-thumb procedures. 

Although gravity is present in spare, whenever 
a vehicle is coasting unpropelled, the shell and 
everything in it are acted on equally bv gravity 
and therefore appear weightless. Loose internal ob- 
jects do not ^falL’ relative to fixed item*. Fluid* do 
not flow naturallv. but inu^t lie confined and ex- 
truded. Liquids exposed to the vacuum of space 
evaporate or free/e. External transfer of heat take-, 
place only by radiation. 

Metals exposed to the ultraviolet rays of the sun 
emit electrons. Small particles of cosmic dust strike 
external surfaces at fantastic velocities and grad- 
ually erode them. Natural cosmic radiation create-* 
a spectrum of secondary radiation that may reach 
levels damaging to equipment or personnel. 

Starting rotating equipment within the vehicle 
may set the latter into counterrotation so that mo- 
mentum may be conserved. In this environment, the 
engineer must think twice lest he be misled by his 
earth bound experience. Truly a new breed of engi- 
neer is required for this specialty one who is 
trained to discard his ingrained earthly concepts 
and think like a spaceman. { r. c. thi ax ] 

Astronautics 

The application of scientific principles and engi- 
neering techniques to flight in space (see Aero- 
nautical engineering; Space technology). 
Astronautics deals with space vehicles in the sense 
that aeronautics deals with aircraft (see Aero- 
nautics; Space vehicle). The distinguishing fea- 
ture between astronautics and aeronautics is the 
extent to which the vehicles are influenced by the 
earth’s atmosphere. 

The subject matter of astronautics is flight in re- 
gions where a vehicle overcomes gravitational at- 
traction and controls its course by reactive propul- 
sion (see Interplanetary propulsion; Rocket 


engine). Aeronautics concerns flight in region* 
where a vehicle resists gravitational attraction and 
controls its course by aeromechanical forces. T[ 1P 
distinction is convenient but not clear cut. Rockets 
by their reaction, assist airplanes to take off. Spat 
vehicles may glide back to earth. 

During the first half of the twentieth renturv 
aeronautics progressed from a human ambition to a 
commercial and military reality. Astronautics lo«»k^ 
forward to similar progress during the second half 
of the century. See Aeronomy; Inertial u u mv v 
system; Navigation; Remahiiity of eoiij’mt m ■ 
Space; Space biology. 

In. TRl \\| 

Astronomical coordinate systems 

Systems of spherical coordinates serving to locate 
astronomical objects on the celestial sphere, which 
is the sphere of indeterminate radius, with its cen- 
ter at the observer, on the inside surface of whi. |> 
astronomical objects may he imagined to be pu, 
jected. The eelesfial sphere lia* no physical r\M 
cnee; it is a concept convenient for spec ifying di 
lections in spare. The actual distances of nio-i 
celestial objects are known with low precision, 
and are not immediate lv perceptible; specification 
of the distance of an object would not assist in 
identifying it. and so h»r such purpose* a* amniu: 
a telescope, all objects are considered to he at the 
<ame unspecified distance. 

Poles and coordinates. Th *v*u-m* of 

mimic, t! spherical coordinate* arc all analogmi* t<- 
the * v stein of latitudes and longitude* on harlh 
the rnoM important difference being that Faith is 
viewed from the outside and the « e|e*tial sphen* 
i* viewed from the inside. Kverv such system con- 
tains two diametriralh opposite poles, a norlSs 
pole and a south pole, the north pole being the 
one that i« visible from the North Pole of I arth 
There is a primary circle, which i< a great 
of the spheie. *♦> placed that each pole is % f r*»ni 
it. The latitudinal « onrdinate of an object is it* 
angular distance measured northward or «<mth 
ward from the primary circle. Small < ir< les parallel 
to the primary cirt In are called parallels. I he 
longitudinal inordinate of an object is the angnl.u 
distance measured along the primal v circle from a 
specified origin to the point of interaction with a 
great circle passing through the object and tin* two 
poles; the one of the two interactions that is near- 
est the object is used. Tin* great circle.* pacing 
through the poles and perpendicular lr> the primal' 
circle are sometimes culled secondary circles. 

In the terrestrial systeijh. the poles are the p»» 
of rotation of Karth, ttic primary circle i* the 
Equator, the latitudinal inordinate is latitude, t wj 
parallels are parallels of 'latitude, the longitudinal 
coordinate i* longitude, the origin of longitu* i 
the meridian of Greenwich, and the secondarv 
cles are meridian* of longitude. 

Equatorial system. The astronomical ^ ^ 
most used for locating object* i* the eqiiatnna s 
tent. It m the geometrical extension of the terr 
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Equatorial astronomical coordinate system. 
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Horizon system of astronomical coordinates. 
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Alternative systems. For nmir p»n^ - 

•nniminit lo modify the equatorial "« tem b > “ ’ 
mp an origin for the longitudinal <oor< ina < 

»* fixed with reaped to the* oh-rncr. to * ,n ^ 
ihcn the intersection of the celestial *q ,,a *' 
ilu* iiWrvfr’ft meridian, and the coire*pom in 
"nlinale is called hour angle. I* ** 
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limp. The secondary 

N «ne. are called hour ciror-s. . x 

Er/,pr,> avafrm. Another system much 
theoretical ntudir* planetary motion 1 
Miptir system. The primary circle » Ae £*»*■ 
^l‘i f h. except for very small deviation®* ** » 

hwrd nut by the Sun on the celestial *P hrr 
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inn a tropical year. The latitudinal coordinate is 
culled celestial latitude, and the longitudinal coor- 
dinate i*» called celestial longitude. The origin of 
longitudes i> the vernal equinox, longitudes being 
measured eastward from 0 to 360°. The poles are 
called pole*, of the el liptic. 

(iiibirtir system. A system used for studies of 
Cellar motion- is the galactic system. The primary 
circle U tin* plane of the galaxy, and is called the 
galactic equntoi. The coordinates are called galac- 
tic latitude and galactic longitude, the origin of 
longitudes being the intersection of the gala* tic 
equator with the eelr-tial equator in 18 hour- 40 
minutes of right ascension. 

Horizon system. The horizon system is fixed rela- 
tive to the observer. The poles are the zenith, which 
is the point direct W overhead, and the nadir. The 
piimarv circle i- the horizon. The latitudinal coor- 
dinate is i ailed altitude il measured upward from 
the horizon and zenith distance if measured down- 
ward from the zenith: the parallels of equal alti- 
tude are called almucantars. The longitudinal 
coordinate i- called azimuth: it may he measured 
in several wavs, the <omm«me«t origin being ihe 
north point of the horizon. Two of the second a rv 
xir.le- have -pedal name-: the one passing 
through the north and -outh points of the horizon 
i- x ailed the meridian, and the one through the 
t-a-i and we-t point* the prime vertical. The alti- 
tude* and azimuths of celestial objects are con- 
tinuou-lv changing. The system owe* it* importance 
tx, the ea-e and precision *ith which altitudes can 

he measured. , 

Transformations between systems. Coordinates 
,.f an ..hie. l in one sv-tem can he transformed into 
inordinate* of the *a«ne object in another *W«n. 

\„ examph - the calculation of the right ascension 
and dedinatn*.. of a planet, knowing lls cele-tial 
longitude and latitude. Such transformations are 

effected hv the principle* «» tngonome- 

ln * thev form an important part of the subject of 
M hericul a-lronoinv . The most common transforma- 
i which must be made for e ; erv 
nken in celestial navigation, i* from the bonze n 

' " '-rt™ .-Citw - in.—' 
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Biosphere and interplanetary space. This region, 
the exosphere, is under control of active features 
of the Sun. Physical effects here involve solar ultra- 
violet radiation. Earth’s magnetic field, and macro- 
scopically neutral plasma emitted by the Sun. 
Plasma, maintained in the fully ionised state by 
radiation and conduction of energy from the Sun's 
photosphere, chromosphere, and corona, moves in 
such a way that material never crosses lines of 
force. The situation is characteristic of the mag* 
netohydrodynamic domain. 

The scale of the region follows from whistler 
studies, refraction effects on radio propagation 
from satellites, and heights of auroral rays, which 
indicate that the exosphere extends at least several 
thousand kilometers from Earth’s surface (see At- 
mosphere; Ionosphere). From the peak of 10* 
electrons per milliliter in the F 2 region at 300 km. 
the ion density falls by be, in distances of the or- 
der of several hundred kilometers, down to the in- 
terplanetary density of about 10*- 10 1 electron-pro- 
ton pairs per milliliter. The latter value follows 
from measures of zodiacal light and the brightness 
of the night sky. See Aeronomy. 

The temperature of the region is estimated from 
its absorption of cosmic radio noise. There is a 
strong correlation between variations in cosmic 
noise flux in the metric range and the critical fre- 
quency of the Fa region. The correlation implies 
an F 2 kinetic temperature in the order of 1(P°K. 

The electron distribution lies, in a highly un* 
symmetric fashion, along lines of force of the mag- 
netic field. This concentration, observed in the F 2 
region by means of the scintillations of discrete 
radio noise sources ( radio stars), extends out into 
the exosphere. The distribution there can be' stud- 
ied by means of whistler propagation, and is also 
observed directly in the form of the Van Allen ra- 
diation belts. See Van Allen radiation. 

Geomagnetic storm phenomena yield informa- 
tion on the stnicture of exospheric gases at dis- 
tances of several Earth’s radii from the surface of 
Earth. At least part of sudden commencement 
storms can be described in terms of impact pres- 
sure of solar plasma on the geomagnetic field. A 
concentration of plasma occurs at several Earth’s 
radii, where magnetic- field-energy density and im- 
pact pressure are equal. Although this concentra- 
tion should surround Earth in the form of a hollow, 
no direct observation of the hollow has yet been 
made. See Geomagnetic storm. 

The high ionization and temperature make possi- 
ble important amounts of thermal conduction of 
energy through the region. Thermal conduction 
may bring energy directly from the coronal regions 
of the Sun to Earth’s atmosphere, if coronal gases 
fill the intervening space. In this sense, the Sun’s 
corona may be considered to extend to Earth. Such 
a solar source of energy for the maintenance of the 
exosphere explains also the deduced flux of energy 
from the high-temperature Ft region downward 
into cooler ionospheric levels. 


Rockets and satellites launched during the l n 
ternational Geophysical Year have shown the 
istence of electrons, with energies above 0.5 \j ( . v 
and of protons with energies above 10 Mev. These 
energetic particles are distributed in two Van Al- 
len belts, one lying a fraction of an Earth's radius 
above the equatorial regions, and the other in th< 
form of a toroidal sheet, distant four to five Earth's 
radii in the equatorial regions, and bending down 
almost to touch Earth in the auroral regions 
Bremsat rah lung from particles from these h,,| Is 
may account for the high kinetic temperature 0 f 
the F 3 region. The particles may originate in an 
acceleration mechanism of the Fermi type, oceur- 
ring as a result of inhoniogeneities in the magneti. 
fields of the exosphere. Once accelerated, such par- 
ticles presumably move in spiral paths toward a 
pole of the geomagnetic field. Upon penetrating to 
a definite level near the pole, the particle* aie re- 
flected back along the path of incidence, toward 
the other pole, and hence are trapped and cannot 
escape the field. .See Bhkmssthahi.i ni,. 

Structure of the exosphere varies with the 11 
year solar cycle, as well as sharply in intervals of a 
few hours or less. Evidence of the structure de 
pends on the slow variations in cosmic radiation, 
and also on the Forhush effect. During magneiir 
storms, the structure of the exosphere is smoothed, 
and it* electron density decreases. These change* 
may result from a vertical redistribution of inni/a- 
thin. Magnetohvdrody mimic waves phiv important 
roles in the variations. 

Further rocket and satellite measurement is pro- 
viding additional data on The structure of the exo- 
sphere. Studies made from the surface of Earth of 
this transition region are likelv, however. alwa\* 
to remain important because of the impos*ibi)it\ of 
continuous rocket and satellite observation* simul 
taneoiislv at numerous points above Earth’s sur- 
face. See Air or a; Cosmic, elec trodyn amp *■. 
Cosmic rays; Geomagnetism; Sin. 

| J.W.W.' 

Bibliography : M. A. EUison. The Sun and Its In- 
fluence , 1956; G. P. Kuiper (ed.). The Solar Sys- 
tem, vol. 1, 1953, vol. 2, 1954; S. K. Mitra. The Up- 
per Atmosphere, 2d cd., 1952. 

Astronomical instruments 

The device*, chiefly adaptation* of telescopes, used 
by astronomers to study the stars and other fea 
tures of the universe beyopd Earth. 

Astronomy may he divided into two major area*: 
(1) the study of the portions of astronomical ob- 
jects and the related determination of positions on 
Earth by the observation of astronomical bndie*. 
and (2) the study of the Stature of astronomical ob- 
ject* themselves, as revealed by the radiation re- 
ceived from them. Instruments employed by astron 
omers to gather observational data in these two 
area* are of contrasting design. Instruments or 
positional astronomy, with which this article dea *• 
are the astronomical transit and Its variants. 1 



instrument provides a mechanism for determining 
die direction of an astronomical object with re- 
„peet to coordinate systems related to Earth and 
]hr direction of its axis of rotation. The classical 
instrument of astronomy for studying the nature 
„f objects is the telescope. When equipped with 
photometers for measuring the brightness, spe. tro- 
scopes for analysing the light, and photographic 
accessories for recording the configuration of as- 
tronomical objects, it yields the data upon which 
, knowledge of the nature of astronomical ob- 
,-tn is based. See Astronomical i*iioio<.hai'hy; 

vItRONOMICAL Nl’KrTROSCOI'Y : GlIHON AORAPII ; Sf.X- 

taN1 . SPcntnoiiKUoMOPR; Sun: Tki.km on., as- 
rH 0NOMU:Ai.; see also Radio telescope. 

Transit. Tlte astronomical transit is a telescopic 
instrument adapted to the observation of the pas- 
<age. or transit, of an astronomical object across 
the meridian of the observer I -ice Astronomical 
coordinate systems). The astronomical transit 
■onsists of a telescope mounted on a single fixed 
'.xis of rotation. The optical axis is perpendicular 
the rotation axis. Rotation of the instrument in 
it. hearings permits the optical axis to sweep onl> 

along the meridian. . . . 

imiluations. The astronomical transit has three 
principal uses. With a knowledge of the position* 
li the stars observed and of Greenwich time, the 
longitude of the observer can be computed from oh- 
.ervalion* of the time of transit of a star. The alti 
Hide „f a known star at the moment of the transit 
. an In* used to determine the latitude of the ob- 
..ner Thus, observations with the astronomical 
transit permit the determination of the observer’s 
position on Earth with great precision. 

The second use is the inverse process of discover 
mg the positions of the star* with respect to the 
astronomical coordinate system by observations 
iron, a known position on Earth. The third apjdua- 
timt of the astronomical transit is the determina- 
tion of local time for the rating of clocks and 
Hatches by the observation of star* of known posi- 
tion from an instrument situated at a nown >ng 

liulr . , 

Hie astronomical transit takes particular advan 
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th«» zenith and the lower «ign for the star south of 
the zenith. 

Astronomical transits have been constructed in 
many sue*. The normal surveyor’s transit may be 
u^f'd for portion determination from astronomical 
observations, its accuracy being in the order of 1 
minute of arc. .See Transit (kncinf.krinc). Some- 
what larger instruments with optical systems of 
4-in. aperture are useful for the determination ol 
local time; systematic observing procedures permit 
a clock to be corrected to approximately one-hun-* 
dredlh of a second of time. 

To check a clock, the telescope is elevated to the 
altitude of a selected star shortly before the star i« 
expected to cross the meridian. The star, as ob- 
served in the eyepiece of the telescope, moves 
across a grid of wires fixed within the telescope. 
The most common form of grid is two horizontal 
wire* parallel to the east-west axis, and a set of five 
wire-, nearly equally spaced, perpendicular to the 
first *et. As the star enters the field, the altitude 
angle 1 * adjusted to bring the star between the hori- 
zontal win The observer then watches the star 
move arms* the field and closes a timing key as the 
image pa^-es each of the five wires. Closing the key 
records the time on a chronograph. The average of 
the fiv»* times is the measured time of meridian 
passage. 

Corrections. The instrument is in perfect adjust- 
ment when the mean wire traces the true meridian, 
ll is not possible to adjust the instrument to the de- 
sired perfection, so corrections are observed and 
applied. The three principal instrument errors that 
require correction are azimuth, level, and collima- 

The azimuth correction is the horizontal angle 
between the ,xis of rotation and the true east-west 
direction. The istrumcni may be well ,on ‘ truc * ed ’ 
mounted, and adjusted, but variations of tempera- 
ture and other minor effects disturb the aamuth. 
The azimuth correction is generally less 
.e-onds of arc and is determined during the ob.er- 
vation to about 1 r; of this value. 

The level correction is the angle that th« : axis ^ot 
rotation makes with the horizontal plane. The value 
this constant is observed b> a reading made o^a 


me agronomical r . , tin* consium ■> - . . - . • 

(age of a special rase of the astronomical tnangl • mounte d in a V frame with the instrument 

This triangle consists of arcs of great circles on t 1 ^ ^ reverse d position. In add,t,on ’ 

.here of the sky: its corners are respe-Wy the 

8n r^d headings of the level, when combined with 
reversed reading lwd corrcr tion. 

the previous -et. >u* , b elV( . een 

Thf colligation cor ™* cen|er 0 f t he telescope 
the line from the op evepieee and the 

objective to the mM" * o( rota ii on . If this line 
I’er.H-ndjei.laj t ^ end . th e stars 

is inclined to the , he revf rse is true 

appear to transit • principal 

the stars appear early. error . For 

methods of de, ^ t 7.! m ounted instruments a hori- 

s jest* ^ •* ,he ”■ 


qmrre 01 me skv; n* * r , » x 

North Pole, the zenith of the observer, and the «> >- 
im under observation. The angle at the . ort \ <• 

»' the hour angle of the object. When the «> >J Ci 1 
‘*n ihr meridian, the hour angle is zero, am * * 
angle degenerates to a single are. n segmen « 
meridian. At that moment local siderea » 
^nals the right ascension of the object, n a 
:, °n, the altitude of the object above the 
plane, called the elevation, i« related to t if ei 
l inn of the object and the latitude at? 

*<*rver hy 

± (declination - latitude) - elevation 
upper sign is for the case of the star north of 
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Fig. 1. Broken or prism transit. (Car/ Zeiss Jena ) 


<tnmient and another to the south. Thc-e two tele- 
scopes are equipped with rnws hair'* in their final 
planer. Thev are pointed toward earh other so that 
the itiws hairs of one may he seen imaged on the 
cross hair- of the other. The direction h» defined is 
adjusted to he approximately north and south, f lu- 
transit telescope mav he remoter! from it** mount 
or a large hole at its center rnay he opened to per- 
mit the collimating telescope* to sec through the 
transit instrument. The transit instrument i- then 
pointed first toward one telescope and then the 
other. The position of the image of the cross hairs 
is observed in each ra-e and half the sum of its dis- 
placement* is the collirnation error. The telescope 
may be reversed in its mount, east end of axi* 
turned to the west, and the value checked. For 
small instrument* the auxiliary telescope* are not 
usually set up. Rather, the observing list include* 
two stars near the zenith where the azimuth error 
will he small. One of these stars observed with 
the telescope direct and the other with the tele- 
scope reversed. The collirnation corrections will he 
nearly equal and of opposite sign for these two 
stars. From such observations the correction mav 
be determined and applied to the observations of 
other stars in the list. 

Prism transit A modification of the classical 
astronomical transit to make it more portable and 
convenient to use is the prism or broken transit 
(Fig. If. The telescope is bent at the axi* of rota* 
lion by the insertion of a prism at the intersection 
of the optical and rotation axes. This places the 
eyepiece at one end of the rotation axis where it 
remains in a stationary position except when the 
telescope is reversed. 

Meridian circles. Major observatories of the 
world have large astronomical transits called me- 


ridian circles, which are used to observe the p| a( 
of the brighter stars. Such instruments have nmn- 
accurate method* of observing the passage of \\ lt 
star over the wires of the eyepiece than the 
previously descril>ed. 

The 6-in. transit circle of the Naval Observatory 
although originally installed in 1897, has been im- 
proved continuously so that today it cnil»o<jj<^ 
many modern features (Fig. 2). The large, divid'd 
circles are photographed through four micros' ope. 
ami the film i* read photoelectrically. The probable 
error of a single circle reading i* 07006. Because 
of the effect of error* from other sources, s , ir h 
the uncertainty in the atmospheric refraction, 
chanicul flexure of the instrument, and re*nlnal 
error* in the divided circle, the declination of ,, 
star mav contain uncertainties of 072.") O'.'dl). 

There is a I wav* a delay between the c»b-crwi\. 
seeing the -tar cro— a wire in the eyepiece and lm 
pressing a key. Several methods have been pr«» 
posed to reduce this effect. One devic r. called the 
impersonal micrometer, replaces the verth at wm. 
with a wire mounted on a moving carriage driven 
by a sc rew. The «ch-erver turn* the* screw to kci-p 
the star on the moving wire. \- the* carnage pn. 
gre**c* across the field, it make* and break* -cm ul 
electrical contact* which record the time at w ho b 
the wire and. therefore, tin* -tar. wa- in the -cvrul 
position*. A further improvement h.i* been t«. pm 
vide a motor drive for the *erew. The -peed <>) «}•.- 
drive i* controlled bv the nb-eiver to maintain «*«oii 
i idrnce between *l.tr and moving wire. In additiei,. 
tlie pha*e angle of tin 1 *« rew and. thu* the po-iimi, 
of the- c arriage i ecorderkqdiotiigraphicallv ai dc- 
ignated times, integral *e<ond* ftom the -land ml 
c loc k, for example. Sik h a method greatls red'm- 
the risk of recording error- and make- pu**ihle di» 
recording of rnanv observations in the short mt»r 
val of the -tar’s pa— age through the field «»t tie 
instrument. The probable eiror of an nh*er\:ili'*n 
of an equatorial star i* about 07012 with tin 1 im 1 
of the motor-driven niic'rometer. 

An instrument of 7*trin. aperture ha- been «»r 
dered bv the Cagigul Ob-ervatorv near (.aiaca-. 

\ enezuela t Fig. 3 1 . 

Considerable improvement in acc urac y «»f ih** 
meridian circle used for fundamental positional 
work mav be obtained, particularly on the fninier 
stars, if the telescope is horizontal and slati«»narv. 
In this arrangement proposed hv K. d K. Atkin 
son, the starlight from a Star on the meridian w«mik 
be fed to the telescope tfy reflection from a mirmr 
mounted in bearings, 'fhe first two such instru- 
ment* are at the l-niveriitv of Oporto in Poring* 
and at the Dominion Observatory of the Depart 
men! of Mines and Technical Surveys of Canada m 
Ottawa. 

Zenith telescope. Although large meridian nr 
< le*. such as the one at the Naval Observatory 
a similar instrument recently constructed for ' 
Greenwich Observatory, reign supreme for the 
termination of fundamental star positions 1 



are two modifi, uti„„„ wh i,-|, 

astronomical transit into specialized i„., r „ , , „ 

fur the determination of lerrestial pnsi, ioll , 
lime. 1,1,1 

One of these is the zenith teles, ope , Fig ,, 
lilt- relation ■ 1,1 

•JO" ± (declination - latitude, t a||ii ll( j,. 

the donhle si K „ , UKKrrt s a method fo, , an, c|| illL , 
residual errors. Let two Mars of alm„M e,p,. t | dev , 

tion lie observed, one north of the zenith and the 
other south. Mien 

W t (declination, latitude i altitude, 

90 ' t decimation^ latitude I -- altitude. 

Subtracting 

A = , -i l).\ t > 

rittis. onl> the difference of the altitudes |„. 

ehsened. This mav he done vsith a,, urate levels 
and .ill eyepiece mi, rotneier yyithout refer, n,e to a 
pm i^ioii i iiclr. 

Ihe Ollier modification is specialization for the 
'""‘'‘•lie determination of lim,- |„ ;l j nK| . | | Ji| _ 
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'i'mai'Ur^T ‘’I’Tef ' >ry ’ if i ‘ H w,,rlh the addi- 

ol, served time vla?l'"* * hd " C,ed ,irt of We,) 
pass , |ose ... ,i f^* Se Mars an * those which 
teles, one - t" Z f nit ' l, ie observatory. The 
li' al [x,s U ' V'! " I'o'ited in a permanent ver- 

^-..ide^^tKi^r"" pa,w a ph,,, °- 

I he optn a! axis is folded back upon itself by a 
, , ' ’ ,f> ^ l , ha ’ ,he image * Crated just 

del,, " " T ** ° hi0Cthe - Th “ "‘active is 
it.*'.. lhat i,s s, ‘ ,on d nodal point is slichtK 
&>* surface so the focal plane ,",' 
lim ,»T "f l “ ,hl! ' |M,mt hy e,Rvati nc or lowering 

Ihr, .1 ,t" * V, °f l ,assa Se of a star image 
1,1 if ! 1r " oda * point is independent of the tilt 
> ie instrument. A photographic plate, mounted 
;t -an'age .s motor driven across the field at the 
of ,hf - fc tur image. As the carriage pro- 
el'V ,' 1 |S !r, ark ‘‘ d at s, ‘ vrral Potions at known 

o, mies. I bus. the position of the Mar image on 
the plate with respect to the time marks, give-- di- 
'<•< ll> lit- correction to the dock. 

An instrument ipiite different in form, hut of the 
same order of accuracy. and not limited to zenith 



2 - $ix-inch transit eirele of tho United States Navol Observatory. (Officio/ U.S. Navy photograph) 
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stars ia the prismatic astrolabe. Set Astrolabk, 
prismatic. 

Filar micrometer. The eyepiece micrometers used 
in astronomical instruments are specialized devel- 
opments of the more universal filar micrometer. 
This device is used at the focal plane of telescopo 
to measure the direction and separation of one nt«r 
from another, or for the measurement of the diaru 
eter of planets. The device provides three wires i n 
the focal plane of the telescope; two are perpen- 
dicular to the third. One of the pair is stationary 
and its intersection with the perpendicular win* 
marks the center of the field. The other of the pair 


Fig. 3. Mftridkm clrela being tested of the foctory of 
Askanio-Werke, A. G. ( Copyright by Harz) 
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* 


m 


Fig. 4. Zenith telescope. (Co rl Zeiss Jana) 


Fig. 5. Photographic zenith telescope. (Officio/ U S. 
Nary photograph) 

» mounted on a carriage that can be moved along 
accurate ways by a precision screw. The screw i- 
equipped with a divided l#ad and a turns counter 
so that the motion of the c|rriage may be measure 
with great accuracy. The whole device rotates 
about the optical axis of tile telescope. The rotation 
is measured by a divided circle fixed to the te * 

scope. . 

A typical use for the filar micrometer is ™ 
measurement of the separation and position ang ' 
of the stars of a visual double star. The rate o 




iclcs *cope drive i* altered to provide a small drift 
arrow the eyepiece field. The micrometer is r.i- 
tated ho that the star moves along the horizontal 
wire. This establishes the scale reading Cor the 
rast-west direction. After a return to the proper 
telescope rate, the intersection of the stationary 
wires is placed on one of the pair of stars, generally 
the brighter. The micrometer is rotated and the 
movable wire adjusted so that the movable wire and 
horizontal wire intersect at the position of the sec- 
ond star. The reading of the drum on the *«rew 
and turns counter gives the? separation, and the ro- 
tation scale gives the position angle. The *rrrw 
may he calibrated by a setting of the wire separa- 
tion at some large convenient valve and a timing of 
the passage of a star over the two vertical wire* 
with the telescope stationary. Ik.m.s. | 

bibliography: J. J. Nassau. Textbook oi Vnir 
Heal Astronomy \ 2d ed., 1 ( >48. 
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and mec hanic al stability an* preferred. The angular 
*!' , rmmd refrac ting telesc opes is usu- 

a y small, hut ran he increased to several degrees 
diameter by employing three- and four-lens objec- 
tive systems of the type shown in Fig. 1. See As- 
tkomi.iry. 

1C ole field systems. Even larger fields (60° and 
more) can he covered by optical systems of the 
Sc hmidt and Maksutov type (Figs. 2 and 31. These 
sWenis are used occasionally for astrometric work 
hut more commonly for surveys of large areas of 
the sk\ (hig. 4 1 . See Schmidt camkra; Sphkricai. 
and ASCII Hue M RK%( KS. OPTICAL. 

A rec ent application of a fast wide-field Schmidt 
optical sv stern for astronomical photograph) i* ihe 
BaLer-Nunn camera for tracking artificial earth 
*atellites I Fig. 3). Ordinary astronomical cameras 
have ecjuatorial mountings and drives to follow' the 
dailv motion of the stars during the exposure; the 


Astronomical photography 

Two properties of the photographic process have 
made it an important tcchnicpie in astronomical 
research: (1) the capacity of photographic emul- 
.ion to integrate light cast upon it, thus making it 
possible to photograph faint object* b\ increasing 
fxpoMire time, and (2) tbe permanem \ of photo- 
graphie records. 

The astronomical objects photographed are 
either point sources ! star* I or extended source* 
mirh as nebulae, planets, err tbe Sun. Photography 
is also used to record the spectra of celestial bodie* 
l MV AsTRONOMII Al. SI Kr.TROSl OCA ). 

Equipment. Astronomical photograph* serve 
three main purposes: description of surface ap- 
pearance of objects, astrometric measurement* 
{measurements of position and motion • . and pho- 
tometric measurements. The choice of the tele*cc.p. 
used as the camera is determined bv the purpose 
of the photograph. Tbe faintness of most celr*tia 
objects makes fast cameras desirable. The speed of 
a c amera for photographing point sources depends 
•*n the aperture of the objective lens or mirror, but 
the speed for extended object* depend* on the 
aperture number (ratio of focal length to 
tine). If high resolution of image detail* or a large 
*«ale is required, n long foc al length is ne« cs*arv. 
and a compromise between speed and telescop* 
dimension* must be found. 

Photographic studies of tbe fine detail* of lunar 
and planetary surfaces require extremely go 
•itinospheric “seeing.” Such details do not ** 
verv well on tbe photographic record if the unag* 
was unsteady or blurred during the exposure. Y or 
*<dar photography, specialized equipment IM'* 1 
troheliographs. chronographs, stationarv tee 
scopes) ife available. See Cobon agR aph , - rM r 4 



Fig. 1. Wide-field lens objectives for astronomical 
cameras, to) Cooke objective, (b) Ross objective. 



HKI IOSC ORE, , ,1^ 

Astrometry. For astrometric work. >u* 
determination of star positions, proper motions < 
S, «rs, and trigonometric parallaxes, long- m u * 
factors (aerograph*) with good image qualm 


_ 2 Optic, of Schmid, ond Maksutov systems. The 
L, of curvature of the spherical mirror « at C .n 


each case. 
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Fig. 4. A star hold with bright and dark nebulosities telescope on Polomar Mountain. (Mount Wilton 
near y Cygni. Photograph token wNh the 46*in. Schmidt Polomar Observatories) 




►Ilite-t racking cumetas have provision* to follow 
uKilioti uf the sitdlitc along it** path ariose 
lVskv. .WOfiK *' ihm kinoinmw \u.\ t*. 

'star pbotographi. IWinns of Star** oil H photo- 
h art* determined with tin* help of plat»* ima- 
device* awl the kn<*«n cooidinatcs of some 
mur* in Ih** l*r«*»ier motion-. ran fie 

T i ed l*v comparing Mur coordinates measured .m 
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'' Arm * 1 . it, w M m.mh i»» • **i» n Ml 

lovi^ual matin' ‘ lr i< measurement* in a 

To calibmte the |diotonn trn^^ nj 

sriirratu adopted * 4 /’ - j have been 

: u rs with welldrlenn»w*d nu < « « ^ ^ (Mllar 

° ( ^t'Tril-Mir north ,ndr. Standard 

urrd with ph-t-wle- In- »r inhi"' ,'h"t"tnrtrii 

high* armrarv l, m ha- i- 

trehniqur*. I’h-t-grap ^ atP In- mra- 
place when lar(,r nnmlwr* 11 ' j. not rr- 

urrd «r when the ultimate ,na«ma" 

qtlired. Thr n«r »( imaf 

lm>St tubw «nd «ith a lr'" 

tulrx and image rnmert r ^ ^ (r)inHmi( al ph« 
wo|« ha* Wrnme "I # kh ..rtrnin# of thr 

toaraphv. Thi* lerhnmue all 

npnanre time. See P»t«Toc.a»rtn. 


Astronomical spectroscopy ^ oh(ain . 

Thenwnl »pectrn»rnp v a* a a „ a phx-i- 

tnR «h«»rv*tiona! oat® wn ™ , t# 

fal conditions of agronomic** 0 '' o v f0 \or the 
••1 application* of optical »P” : nft4r ed thr«xu*h 
eWtromagneltc *p« - trtim fmm , Mm -.- the 

the vWhle tn the near and thr 

advent of rocket*, to the fat " ‘ . <p) j t# dia- 
x-ray region. Radio technique* have dele. 
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lion fr<itn exiralcrrestrial sources of wavelengths 
unging between a few millimeters and about 15 
iiirtcis. Technirpie.s of microwave and rf spectros* 
cop\ arc used to explore, this part of the electro* 
magnetic spectrum. For information on these tech- 
nnpies, sec Kaiiio astronomv 

in optical spectroscopy a spectrograph is at- 
t:i» lied to a telescope which serves as a light colter 
lot. 11 the telescope is of the reflector tvpe, om 
distinguishes between prime- fonis Newtonian. Cas- 
segrain and Guide spectrographs, depending on 
the focus at which they are used. The Guide focus 
is preferred lor high-dispersion instruments. S 
Sen ihosi oey : Tu.ksi oeK, astrovomicm.. 

The image of the celestial body being studied i* 
cast upon the spectrograph slit by the telescope 
lens. The light from the slit passes through the col- 
limator. which is a lens or mirror s\stem. The par- 
allel ray ** of light arc dispersed bv gla-s or quart? 
prisms or hx diffraction gratings. In modern astro- 
nomical spectrog.aphs. gratings are preferred Ihe 
(•rating', arc ,w,#llx “Idawd" fix dxapmg tfir .m> 
of the g n.ing in *«h a faJi'n* ««« 
di-enr-.-d light i' < aM intn a -prctrmn of a ' ho*™ 
tdrr.^n, TK.s^vU.TV^ 

rounded ,d.otographi. allv or ,-caMonaMx fix ^an 
„„„ with a pfiotoolrotric -rnsor. If high 
r-n.lii. -iiood i- de-irod. Schmidt camera? arc t orn- 
mrmlx Jd. fmp.cntl' with a field-flat, rn.ni. Wn* 

wfii. fi effoi tixclx reduce' ,fic enrxalnrc of the fo.al 

"t;';..,™*- -I * '!- 'fu, * 

era- ha'* “• " *- . , ..i au xiliai v mirrors, 

led to tfir *> t * ,,h Cou de spectrograph of 

Tl,e optical sxstrm of ^ ^ ^ Fip . 1. 
the lOn-in. It. 1 s ° .^tronotnieal spectrograph 

In a Mtt'ldr form of an . , 0 { ,he tele- 

sropn: spfdra o exposure (Fig. 

.i...-'"-"'- 1 ' ,r ""' 1 

0.1 A nun. . 1 61)P rtrum of the Sun 

Solar spectrum- Ifir *• of a ,-ontinn- 

d ranging from red 

fiiig't, h- k f 'J u ronnd I* crossed fix 

violet: thi* '-right fia-Kgr <lrfW kraun- 

man' transverse narrow d who fir-t 

hofer lines n arP .fisorplmn l«es* 

studied them tn MU " ,p > wh are occa- 


5 io„,rdtl.em «.> WUJ < tn lin es w-hiclt are oeca- 
op,.o*rd l« '-rtfl' 11 . „ spectra. >er ^ , v . 

Xnallv observed 1 , o( the radiation 

jrn^,^rs k ^ 
itrx" " 
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corrector plate 
grating 


/ r- 1 - 


minor C 


mirror B 



Fig. 1. Optical system of Coud4 spectrograph of 
Mount Wilson 100-in. telescope. The three mirrors A, 
B, and C with opertures of 36, 22, ond 32 in. and 
focal lengths / of 114, 73, ond 32 in. are the camera 
objectives which can be chosen to photograph the 
spectrum; the camera with f m 32 in. must be removed 
if the one with t - 73 in. is to be used. 


l/ranu*. and Neptune are crowed bv heavy absorp- 
tion bands, most of which have not been duplicated 
in terrestrial laboratories. Information on the chem- 
ical composition of the planetarv atmospheres 
derived largely from spectroscopic studies of thr*e 
absorption bands. For additional information on 
planetary radiations and spectra, see Pi anki. 



Fig. 2. Obj«ctive-prism spectra of a star field In the 
vicinity of 28 Cygni* (C. Fehrenboch # Observofoire de 
Haute Provence) 



Fig. 3. Radial-velocity curve of a spectroscopic binary 
(W Ursae majoris); the spectra of both components 
have been measured. The phase is shown on the ab 
scissa in units of the period of revolution. 

Radial velocity Of iter* Measurements of wa\r 
lengths of spectral lines t^ay be used to determine 
the radial velocity of state (Doppler effect t. The 
radial velocity is the line-^bsight component of the 
star’s velocity in space |elative to the observer. 
Emission line spectra of in iron arc or a gas dif 
charge tube, photographed simultaneously with ^ 
stellar spectrum, serve a| comparison standards 
Radial velocities of stars fange from a few to *ev- 
eral hundred kilometers per second. 'Hie largest vr 
loctHes, >60.000 km/sety are found with exirago 
lactic nebulae. Radial-velocity studies reveal t * 
nature of double stars whose components are f,H ' 




t l'** »« *»« wtparated by 

I These systems are known at, 

rirs.) The observed spectrum is llj'r,'’!?- I,ina ' 
„f ihr spectra of ibe components. Tl„. ir , r .‘'"i'""" 1 
lion cause* periodic changes of ||„. r .„i:. 

..f the two components iKiu. s ,e n.s 

siK,:;, 

play a great variety in appearance. The or . . " 

p.ritv can be classified in a two-parameic, 
i r, tolling spectral type and l.rniinnsji, T , |( . kW, ' ,n 
iinil appearance of various s,,,.. ‘ '‘""t—' 
;l s classification criteria. The e|a..jf M . a thm 7 

,,v . v,s " al inspection of p|,.., IIJ{r;i 

...» spectra. Low -dispersion spectra lilUt , , ’* 

UM-tivc prisms are preferred for das.;,,, "" 

I" 

Spectral types are described | (> |,.„,. ls 0 , 

F. K. M. and N in a sequence whi.fi is’ 
nallv lcin|»eratiire dependent. Cla.sjf,, , - 
tir«* Jin«. v J\ u . ( ) Ml1 

v»r\ liot <30.000 K and liighiM. *| u . |( . <|1% ' il *' 

,nr MMilrr <3000 K ur Sp»-<tral r |*i* 

lurth«-r dividrd liv adding 0 u f ], lf|( . 

|.-rs I Fig. ftl; f»l example, the temperature,,/ , 
1.1 -lar i- intf-rrnifiiaff* liHwi-f-n that nt ( ( (, { ' 
N,„, and a KO «»xr ( AkMmtan . Subdn “[ 
•ti.uii classes are denoted bv small jeiiei. 

I mninositie. are estimated fix 
■ircnglh de|iends on the abstdnie biighlm ,.| i'|7 


,**7— -—fc .,7 

‘ Men/sprun^^^JJ ' V,,e an<l luminosity of stars 

{*>r-J ''•gnifii-anee r^T’ •"* " f hi « h 

to a determinn! is frequently 

"'“• I. designates ,h e m “? °u' e I , lm,i,,osi ‘y class 

'; f (.ranche?, 'r ;, p 1 Mar ** 

•fianram. ,W S tar * " HcrUsprimg-Kussell 
■"» microden.iton.Her , " M ‘ profiles are 

Kraphed ,p„.| ra > n , . "icings of the photo- . 

•j-nsitonj,., ^— reduction of micro- 

'*"M‘ information , and profiles 

••'Jlf-nc t\ -tt.-tf ill pi-ratlin*. pressure. lur- 
I <> at.nosphmes ' The’ °"'‘ r para,,| clcrs of s,e|. 

-...I ni.-iric -Ji* r? ,n, r r, r task < >f •** 

al ": ,,,Ja ■ liemieal element d '"' rn " na "; ,n of 

"peetrophotometric ,„c-. |S. 

I rihiit ion thronoj, ,i lf . ‘ '"teinenls of energy dis- 
serve ,„ im J , T r "" "' nl,n ..iim of s lc „ ar spe ,. tra 

N«i»«S,„i^: , :ir?;: r r d 7: ,,ninati ‘>-- 

tra lakfMi uitl, nftlli range of spec. 

limited to a hamlwi’liT'" ear,h ’ ! ’ Mlrfa, 'c is 

ini.ro„s. ' .TT* ^ °' 3 lf * a 

...1 Ixill] sides „| ,’f,: " "" ' “''"UfphenV opacitv 

■ .iriicil Jo | ,11 , pe - N,lar spectrographs 

..it, .„de! h;::;:i-"* iin ^ 

|... milled extension of the accessible 





it. ■ mj-j < » 


toefpol typ«f of itfdof tfMKtro. (Mount Wilton ond Polomar Obtorvotories ) 





relative intensity relative intensity 
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Fig. 5. Microdeniitomet er tracings of the solar spec- 
trum as a function of wavelength. The same section of 
spectrum is shown; the upper tracing was made from 
a spectrogram with 0.3 A 'mm linear dispersion, the 
lower from one with 2.8 A/mm. (Mount Wilton and 
Palomar Observatories) 

region into the infrared and the ultras iolet and to 
a portion of the x-rav region. Astronomical spec- 
trograph* to be carried by artificial satellites be- 
yond the boundaries of the atmosphere are under 
development. See Astronomical photography. 

!'«.. r, mic/aika! 

Bibliography : I.. II. Mler, Astrophysics , 1 0.*>A ; 
A. Beer fed.). Vistas in Astronomy. vol. 2. 1956; 
J. A. Hynek fed.). Astrophysics. l‘>r» 1 ; G. R. 
Miczaika and W. M. Sinton, The Tools of the Is 
tronomer , I960. 

Astronomical unit 

The mean distance between Earth and Sun. or 
the semimajor axi* of the elliptical orbit of Earth. 
The astronomical unit fAI r ) is the fundamental 
yardstick for measuring distances in the solar sys- 
tem. Computations of planetary and *pacepiobe 
orbits are all expressed in astronomical units. The 
value of the astronomical unit in physical units of 
length, such as kilometers, must be derived inde- 
pendently. 

Several classical and modern methods are avail- 
able. Geometric or triangulation methods were the 
first used; the apparent angular displacement or 
parallax of a planet or asteroid observed simul- 
taneously from two distant points on the s Ur fare of 
Earth (or from the same station in the morning and 
in the evening), relates the distance of the planet 
to the known separation of the stations. Later, 
physical methods were used to measure the ratio 
of the velocity of Earth f which depends on the ra- 
dius of orbit) to the velocity of light; the fine-of- 
sight velocities of stars near the plane of the eclip- 
tic vary in a yearly period as Earth moves toward 
or away from them on its orbit. These velocities 
are measured by means of the Doppler effect in 
their spectra (see Doppler effect). Dynamical 
methods involving the ratio of the mass of Sun and 
Earth also relate the astronomical system of units 


to the physical units. Finally, the time of travel „f 
radio signals or radar echoes from Venus and \fj s 
gives a very direct means of measuring planet;^ 
distances, since the velocity of light and radio 
waves in space is known to be 299J92.fi km 
The best value of the astronomical unit derived |, v 
these various methods is 149,599,000 km, with 
estimated uncertainty of rk 2,000 km. Sec Earth 
(ORBIT At. MOTION). | (,. UK VAU OJ , M Hs 

Astronomy 

The science of the various components nf the un ;. 
verse, including the methods of observation a> 
as the interpretation of the observed phenomena 

The ancients distinguished two *perial <bi*-^ „f 
heavenlv object*. The fixed stars or firmament pro- 
vided a background of stellar patterns or ron*tHl;j. 
lions (see Co\*m la iion ) . Against thi* bark 
ground moved the seven wandering stars; the ^m, 
the Moon, and the five naked-eve planet* Merum 
Venn*. Mars. Jupiter, and Saturn. Early ol>*rr\< t . 
lion* with crude instrument* inteie*ted primitive 
scientist-, in the nature of these motion*. The\ 
developed mean* for recording the parage of time 
I see Time). Tliev al**» constructed a calendar for 
Caifndar). Later fhev made model* of th»* work- 
ing* of the universe. Mo*t earlv concept- } M -|.| 
Earth to be *tationarv. with the other object- twin 
ing about it a* a c enter. The invention of the M* 
scope led to refined observations that maided 
astronomers to discover the true nature of th*- mo- 
tion- around the Sun. Still later *tudie* led t« » t lo- 
new' and exa« t *# ience of celesti.il merhani. 
which explain* whv the hodie* move a* fhev do. 
under the action of gravitational foree* < see f.i 
LF sTI VI. MFC!! Wlf.s ». 

Improved telescope* and *pecial aere*-ori**- »mi- 
abled the *< ientist* to extend their knowledge >»f 
the universe. Tn the solar svstem. thev re* ogni/ed 
the Sun a** a *tar. The planet*. in< biding E.irtli. 
swing in e«*entiallv elliptical orbit* around the 
primary bodv. Lranu*. Neptune, and Pluto wer*- 
added to the old fainilv of planet*. Manv. tb‘»upli 
not all. of the major planet* are tliem*eke- the 
renter* of satellite system* f see Pl.ANF.T). Th* 1 "- 
Hand* of minor planet*, the asteroid*, have been 
discovered, most of them filling in the void between 
Afar* and Jupiter (see A* it row). Astronomer* 
have theorized that tlie*e |inv hodie.* were prohahb 
fragments of a much lafger planet that onre oc- 
cupied this region. Gunefr and meteors a!*o prove* 
to l>elong to the solar fyMem (see Gomft: M)- 
teor; Meteorite). ' 

The Sun i* a large «phfre of gas. Deep in it* h°t 
interior, nuclear fusion^' process result in * ,c 
liberation of energy, wljfrh slowly transfers nut 
ward to the mirface. The sunspot* are cool, map 
net »c island* in the hot and *tormy *«« °f K 3 * 4 s . i,r 
rounding them. Intense turbulence and convection 
on the fringe* of these inland* lead* to the 
of matter from the surface of the Sun. Some 0 
forms the corona, which extend* well <*>° 



f grill. Other •*]<*<!« c ool, falling hack into ih.* Sun 
t0 form the prominence ( sr? Sum L 
From study of the Sun, aatronomerM have bm, 
t ,hle to extend their knowledge to an interpretation 
of the star?*, their structure, and their evolution. 
Many slurs show characteristic variations in the 
oU l|,ut of radiation. Binary Mars and multiple Mar- 
present special problem*. So aU«, do the g r «. ; ,t 
aggregations of stars, the open cluster* and the 
globular clusters (vee St an: Stm i ah mom ims,. 
\n aura of gas and dust pervades interMrllar spa* 
with enneent rat ions in various regions. Near hot 
1 , right stars, the gas glows, forming the bright 
nebtilue. In other regions the vast dust < binds „b 
m utc ric h regions of stars, to form the dark mb- 

oh,,. ijsceNKHri.4. i.a<rursl. 

Interest has recent !v been focused on the over- 
all mruetures of stellar systems, our galaw. and 
iMlaxies external to our own I fee huut. nc- 
p'RN Al, « r.Al.AXY. UIF.I. Some are irregular in 
f„,,n others exhibit a • hararteristie *pn ial put- 
trrn in the arrangement of their Mats. The relation 
„f these galaxies to the universe as a wh<»lc i- a 
pioMctn of great interest. In particular, what *dg- 
H.fieanc’e would one attach to the fait that distant 
jalaxic- appear . . be rec eding from us at a rate 
piMportional to their di-tance? The th.*<»rv of rela- 
UuU provides part of ill*- explanation i\m Hi tv 
n\tn » Ni'w techniques have* revealed wuv- ,.f 


Astrophysics 619 

;:\rr; di,y , a :" o,,mny: «• 

;ir»l .....ii-, 1 ' " , y ° ,n " ,lons of the planets 
mem ,1 > . , "‘ lf ' sllal ""•' hanirs), the measure- 

osiialK .'TV'"" 1 " an< * lastromeirv). and 

'•*« i < lativ.lv. calami, Mature. and rela.ivis- 
' ,,H «»«h»glc* .Sco- \ MHO NO MY 

Instrumentation. F,om an operational point of 

' • ^tropins, es differs from terrestrial physics 

■ ,rf it is primarily an observational subject, al- 

h'uigli certain spci i a J problems lend themselves to' 
expel .menial treatment. The basic problem is often 
ie measuiernent of the cpiantity and quality, that 
* ' ,H nc*i g\ distribution, of the electromagnets 

radiation of the Sun. stars, planets, and nebulae;. 
:,n< ll,t * u{ their -pectra. A variety of tele- 

scope- and delectors are emploved. The latter in- 
cbnlc the photographic* plate, the photoelectric cell, 
lead sulfide and lead telluride cells, thermocouples, 
and linage tubes. In the radio-frequency region, an- 
tennae and radio-frrquencv detectors appropriate 
to the problem at hand are emploved. In direct 
phutogrjp! . various combinations of plates and fil- 
ters are emploved. Spectrographs emploving linear 
dispersion- ranging from several millimeters per 
atig-troin to -everul hundred angstroms per milli- 
meter are used. Photographic plates usual!) serve 
a- drtei tors although an increasing number of pho- 
torleetric scanner- are now used. In solar work a 
host of -pe,ial iii-trunient- are used to secure 


(li-iovering facts about the nature and stnntnre of 
universe. Of these, radio a-tronornv has been 
ularlv effective Various heavenh lcdie-emil. 

In jddnion to light waves, peculiar radio etuis- 
Mans, which special antennas and receiving equip 
.Mf’nt can intercept. The Sun and various ohp<t- 
iji the -kv me known radio -oune- Jupiter and 
tin— ililv other planets emit o« <asion.il dis. on 
•iniiou- blasts of radio waves. Ilvdrogen atom- in 
*l»,i*‘»' emit a radiation <»f special nature, the studv 
■,( whnh has revealed much about the -pec ial 
'■true lure of ihegalaxv f fee R vimo astronomy 
line let* have carried spectrograph* and cameras 
far jhove Karth'* surface where thex < an tecord the 
*.ir nltiaviolet that the upper atmosphere oidinarilv 
iib-nrhs, BnlbHin borne telescopes have provided 

similar service for special studies of the Sun and 
I'hijipfs including detection of water vapor in the 
’-niMsphere of Venus hv measure* in the infrared, 
stellites and *pare probes have carried re< orders 
into the depths of space. where thev have registered 
?h»* e\i»ten< e of hitherto unknown /.one- of intense 
"’n’wsnilar radiation txceVvN Vihmoihuiom, 
l unar probe* placed into orbit hv scientists of the 
l S >H, have investigated the lunar magnetic held 
Jn d photographed the Hide of the Moon prrpeinallv 
tur,), ‘d away from F,arth Uee Moon). The new 
17,1 »d spare research promise* to reveal much inv 
l M > r ?ant knowledge of great interest. I t>- | *- M - ! 

Astrophysics 

j, gpnirallv interpreted •" tnratt tlir 
‘Miration of modern phvio* t« the problem* of 
J ' lr »n«mv. The field embrace- a large -bare of the 


monochromatic photographs of the Sun. the faint 
oiitoi envelope-, chromosphere, corona, and tran- 
sieut phenomena sk h a- flares. Special instruments 
have been devised to measure ihe magnetic field of 
the Sun and 1o studv the radio-frequency radiation 
prodm cd at time- of high solar activity. This radia- 
tion i- presc’nablv produced hv particles ejected 
from the mii* t high speeds. The reientlv devel- 
nped field of t vperirnental astrophysics involves the 
measurement of the shapes and strengths of spec- 
tral lines mitted under controlled conditions of 
temperature and pressure. Techniques involve the 
i, sc of shock tubes, whirling fluid arcs, and atomic 
beams. 

Divisions. Theoretical astroph\sics closelv resem- 
bles theoretical phvsics and embraces many sub- 
jects which are usuallv considered to he the prov- 
ince of the latter. For purposes of discussion, as- 
tr.q»hv-ic- max he divided somewhat as follows, ac- 
cording to the tvpes .f celestial bodies that are in- 


d. , t 

|,r phvsic< includes all the phenomena enn- 
-d with the Sun and overlaps with geophysics 
,c consideration of <olar-terre-lrial relation- 
. for example, the connection between solar 
itv and aurorae, mapnelie storms. »d s.,«We„ 
spheric disturbances. Some aspec t of solar 
i! k are concerned with .be “quiet «r nnd.*- 
< un for example, the “granulation ob- 
r(i in thr atmosphere, the problems of the dark 
m. the Chromosphere, and the corona. 
a The art be Sun involves the sunspots. 
.. prominences, corona, and non.hermal radio- 
uenev radiation. 



620 Asymmetric synthesis 

The physics of the solar system includes the na- 
ture of planetary atmospheres and interiors, the 
chemical and physical constitution of comets, and 
meteorites, although the detailed laboratory inves- 
tigation of meteorites is largely a province of mi- 
croanalytical chemistry. 

The study of stellar atmospheres, including cer- 
tain aspects of the solar atmosphere, constitutes an 
important and active field of astrophysics. Not only 
are normal single stars such as the Sun considered, 
but also the envelopes of binaries and variable 
stars. 

Gaseous nebulae and interstellar matter pose a 
host of fascinating problems in the behavior of u 
hot. tenuous gas (often in the presence of a mag- 
netic field), and in the formation and interactions 
of solid particles. 

Finally, both the theoretical and observational 
aspects of stellar structure and evolution occupy 
a good share of the attention of manv astrophysi- 
cists. 

Relation to physics. The fields or problems of 
astrophysics may be classified in terms of the un- 
derlying or supporting fields in physics. Classical 
mechanics is the basis of the mechanics of the so- 
lar and galactic systems. This field supplier impor- 
tant data on the masses and density concentrations 
in the stars. Thermodynamics and statistical me- 
chanics underlie the derivation of the bash* for- 
mulas - the equations of Boltzmann. Saha, and the 
dissociation equation which are necessary in the’ 
calculation of equilibrium conditions in stellar at- 
mospheres. Geometrical optics underlies the astro- 
nomical instrumentation. Physical optics provides 
fundamental formulas for the dispersion and ab- 
sorption of spectral lines and the scattering of light 
by small particles in space, and lies behind the the- 
ory of operation of all radio telescopes. Radiation 
and molecular and atomic structure provide the ba- 
sis for the interpretation of the spectra of the Sun, 
planets, comets, stars, and nebulae. Solid-state 
physics provides the background for the investiga- 
tion of the formation of grains in space, meteor- 
ites, and the internal structure of planets. Electric- 
ity and magnetism have become very important in 
astrophysics, particularly in connection with hydro- 
dynamics. The origin and interpretation of sun- 
spots, the nature of spiral arms, and the shapes of 
gaseous nebulae are illustrations of problems re- 
quiring for their solution use of the growing field 
of magnetohydrodynamic*. Nuclear physics fur- 
nishes information on problem* of the generation of 
energy in star*, stellar structure and evolution, and 
the origin of elements. Every branch of physics has 
some application to astronomy. 

Unsolved problems. Some outstanding problems 
in theoretical and basic experimental astrophysics 
include the compulation of basic atomic parameters 
*ueh as / values, damping constants, and target 
areas for the collisions! excitation of various levels, 
together with experimental checks whenever these 
can be obtained. The stability of compressible 


fluids in gravitational fields where there is <*nrr^ 
loss hv radiation an well as by convection currents 
will be an important area of study. The inHut* nr( . 
of magnetic fields, both on stellar atmosphere^ juii) 
on attenuated nebulae in space, must be invent, 
gated. Among others, another purely astrophysi< a| 
problem requiring attention is that of the stim-tnn* 
of the solar atmosphere, including the chromo- 
sphere and corona, and the question of deviations 
from thermodynamical equilibrium in the upper 
layers. 

On the observational side, perhaps the mo*i ex- 
citing possibilities lie in the domain of exploration 
opened up by artificial satellites and prolitN. K„ r 
the first time man will he able to explore the vn 
tire energy spectrum radiated hv the Sun. I nfoitu. 
natelv the studies of the stars will he severed ham 
pered in the spectral region** short of the I .\ man 
limit I wavelength 911 A) because of the large m 
terstellar absorption by hydrogen on the violet sj<b 
of this wavelength. See Amronomkai, uoiin* 

irs; ASTRONOMICAL CltOlOt.KM'tl y ; Vmruvimu m 

M'k.ciNosc oi»Y ; Binary mar*; GoMtr; Inikhmm 
i. ar MAriKR: Mukor: Mt.l k.ori rt. ; Nllll'l A. i.\M 
ors; Nov a; Plankt; Radio astronomy; 

Star; Si ah clisthi*; Sifi.i.ar tv oh iion. >i \ 
Si'Nseor; V ariahh mar: .see ais < » Go * mu kv\- 
Co*mo< im.mimry ; M At.\t rnimwnio n amp v 

: I H \ 

Hihliojtraphv: C. H. Viler. A&trophv sn 
J. A. Hynek led. >. .4stroph)si<‘s % 19 r >|, 

Asymmetric synthesis 

TIip chemical hv iiiIip.i- <>r"a pur** ••nunliotnci >>r .•! 
an enantioniorphic mixture in which one eiunii 
omer predominates, without the u*e of resnluf i.»r. 
is called asymmetric svnthcM*.. Absolute asvimtifi 
rie synthesis is achieved by providing dis*wnmctn< 
condition* by purely phv*ical means such a-* cm 
ciilarlv polarized light or, more commonly l»\ an 
optically active reagent. Where n new asymmetric 
center is produced, the process tnav he -o lb *1 
asymmetric induction, and the selective de-trin 
tion of one member of an enantinmorphic paii mav 
be called asymmetric decomposition. 

Few absolute asymmetric syntheses have Iven 
accomplished experimentally, although the natural 
occurrence of optically active substances prr-»|‘ 
pose* significant number* of *uch syntheses earh 
in the evolutionary prqre**. Experimental!', tlv 
photochemical decom petition of ( V..V-diniethvM- 
azidopropionamide by circularly polarized M* 1 
wavelength —3000 A iaija .striking example. KigM 
circularly polarized light destroy* the levo cmuiii 
omorph more rapidly, leaving the residual 
dextrorotatory. The reverse i» true for lcfM'ir‘ '> 
larly polarized light. However, only about 0.-> > 
the optical activity of 0ie pure enantioroorp^ 1 
achieved in this manner 

Asymmetric synthesis generally involves ,n r ‘* 
duction of a new asymmetric center into « ^ 
optically active compound; since the origin* 1 Ml 



dance i* not nymnirtrical, the probability of p ro - 
ducing exactly equal quantities of the new dia- 
stereoiaumers (epinier*) is small. Thus i| an 
rt .keto acid is reduced to an a-hydroxy arid. the 
product is racemic or optically inactive. However, 
it the acid is first esierified with a pure optically 
active alcohol, the reduction of the o-krto estei a f- 
(ords a mixture of rpimm in which either the dex- 
tro or levo form predominates. If the mixture of 
l he o-hydroxy esters is separated into its pure com. 
ponentft and euch epimer is then hvdroly/ed. reso- 
lution of the racemic hydroxy acid is accom- 
plished. However, if the epimenr mixture is 
hydrolvml directly to give a partially opthully a.- 
live hydroxy acid, asymmetric synthesis has been 

accomplished. 

Many variations of this technique are possible, 
and it mav not lie necessarv to prepare and isolate 
an optically active intermediate. For example, it 
possible to produce mandelonitnle enriclied 
w iih cither enantiomer by appropriate « hoice of an 
ally active base to ratal)#* the reaction: 

cjbcuo t »<:%-+ c,.iu:*hohcn 

Enzymatic reduction. The cornpletelv asvmmct- 
M , synthesis of pure optuallv active lu<ti< acid hs 
cn/vmatic reilu* lion of pyruvic acid is a limiting 
example of asvmmetrir synthesis. It has been pr<*- 

l„,ved (Ogston’s hv pot lies is » that the symmetrical 
pre«ur*or in un en/.vmatic reaction makes nmtart 



tally held to points A , li. and C. in tin* en/vme. 
xliich for simplicity ma> be pictured as a fiat Mir- 
fate. Since the substrate has a plane of «.\iiuncliv. 
»t <an make better contacts a A, />/J, and <( f ronl 
•mm* side of this plane than from the other. 

The following hypothetical mechanism serves to 
illustrate. l„et points a f b. and c be re«*pe« - tivelv i* * 
ketunir carbon, the kctonic oxygen, and the acid 
wnup of pyruvic acid. CHaCOCOOli. and let 
taints A. ft, and C in the enzyme respectivelv he 
the hydrogen attached to « secondary carbinol car- 
h'»n. the hydroxyl hydrogen of the same alcoho , 
a,, d a neighboring basic center. The illu-tra- 
don fl) then represents the best three- point uuv 
,a «’h since approach of pyruvic acid from the «P* 
l^iir side of its plane of symmetry would line up 
contacts aft \ bA % and rC; and the. carbon car- 
^ M, n interchange of hydrogens would not be 
h, e. One need only assume that the primary bond- 
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Mlg i* the salt formation (cC) and that it is 
jssential for the reduction to occur by transfer of 
j> rogen from carbon to carbon. The enzymatic 
destruction of one member of an enantiornorphic 
pair (enzymatic resolution) follows similar princi- 
ples. 

Asymmetric reagents. The use of an asymmetric 
reagent for the introduction of an asymmetric cen- 
ter into a symmetrical molecule is a recent devel- 
opment in asymmetric synthesis. Thus the asym- 
metric reduction of an unsymmetrical ketone. 
A CO 11, by an optically active aluminum alk- 



oxidc jy characteristic. Such reactions depend 
upon the principle that a more favorable reaction 
intermediate obtains as a result of a better fit from 
one side of the ketone (II) than from the other 
(ill I he. ause of steric interactions of the ketone 
substituents (A being larger than B) with those of 
the redm ing agent (II being larger than E). The 
lack of absolute stereospecificity is not surprising 
since such a complex does not possess the third 
point of contact specified for enzymatic reduction. 

Asymmetrh synthesis in the laboratory serves 
principally for the determination of configura- 
tions and for study of reaction mechanisms rather 
than practical synthesis of optically active prod- 
ucts. Vr Conformational analysis; Optical ac- 
tivity; Ra( f.mization; Stereochemistry. 

[W.R.V.J 

Asymptote 

A line that c a limit of lines tangent to a curve as 
the contact p .»nts of those tangents approach infin- 
ity along the curve. Thus, an asymptote of a curve 


; asymptotes 


Asymptotes of o hyperbola. 
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is an ordinary line (that is, not the 'iine of infin- 
ity 4 *) that is tangent to a curve at the points in 
which the curve intersects the line at infinity. An- 
alytically, a line y « mx + b is an asymptote of an 
algebraic curve /(x,y) *0 provided the constants 
m and b are such that the coefficients of the two 
terms of highest degree of /(*, mx + b) are xero. 
For example, to find m and b so that y - mx -f b is 
an asymptote of x* 4- y* ■— 3xy • 0, elimination of 
y yields 

(1 4* m a )x s 4- $x*(bm* — m) 

+ 3*(m6 3 --&) +6 a -0 

Equating the two leading coefficients to xero gives 
m = b » — 1. Thus r 4- * 4- 1 ** 0 is an asymptote. 
See Analytic geometry; Hyperbola, [l.m.bl.] 

Athecanephria 

An order of the class Pogonophora in the phylum 
Brarhiata which contains two families, the Sibo- 
glinidae. with about four species, and the mono- 
typic Oligobrachiidae. These are elongate, lube- 
dwelling. tentaculate animals of the deep-sea bot- 
tom. This order, erected by A. V. Ivanov in 1955, 
is distinguished from the other order, Theca- 
nephria, in having a sac I ike anterior coelom. The 
pericardium surrounds the heart. The excretory 
portions of the coelomoducts of the first segment are 
widely separated and apposed to the surface of the 
lateral cephalic vessels. See Brachiata; Pogono- 
phora; see also Thecanephria. (t.h.b.I 

Atlantic Ocean 

The large body of sea water separating the conti- 
nents of North and South America in the we*t from 
Europe and Africa in the easj, and extending south 
from the Arctic Ocean to the continent of Antarc- 
tica. The Atlantic is the second largest ocean water 
body, and in area, covers nearly one-fifth of the 
earth's surface. It receives the weathering products 
from a continental drainage area approximately 
four times larger than that draining into either the 
Pacific or Indian Ocean. The two major divisions. 
North and South Atlantic Oceans, have the Equa- 
tor as the common boundary. The North Atlantic, 
because of projecting land areas and island arcs, 
has numerous subdivisions. These include two 
large mediterranean-type seas, the Mediterranean 
Sea and Gulf of Mexico plus Caribbean Sea; two 
small mediterranean-type seas, the Baltic Sea and 
Hudson Bay; and four marginal seas, the North 
Sea, English Channel, Irish Sea, and Gulf of St. 
Lawrence. Parts of the Atlantic are given special 
names but lack precise boundaries, such as the Ba- 
hama Sea, Irtninger Sea. Labrador Sea, Sargasso 
Sea, and Gulf of Guinea. See Oceans and seas. 

Oceanographic research. The first data con- 
cerning surface currents in the Atlantic were re- 
corded about 1650. Research along systematic 
lines may be attributed to the efforts of M. F. 
Maury in 1853. Maury suggested obtaining regular 
observations of hydrographic and meteorologic 


data on merchant ships and the collection of this 
data in central offices. The present-day monthly 
charts (pilot charts) are based on this material 
Deep-sea research in the Atlantic began with the 
first deep-sea soundings of J. G Ross in 1839 and 
the biological investigations of L. Agassiz an< | 
W. Thomsen in about I860. Many research ships 
have worked in the Atlantic since then. In rer»* nt 
years, oceanographic research in the Atlantic hav 
been concentrated in special institutions of the 
bordering countries. Among these institutions, the 
largest are the Woods Hole Oceanographic |, lsl j. 
tution at Woods Hole, Massachusetts, and the Na- 
tional Institute of Oceanography at Wortnley, E„ K . 
land, See Oceanography. 

Bottom topography. The first depth chart of the 
North Atlantic, compiled by M. F. Maury in 1854. 
was based on a few deep-sea sounding*. Since 
1860, work on the transoceanic telegraph cable*, 
has accelerated progress in this field, and since 
1922. use of the echo-sounder has made it possible 
to obtain a great number of depth soundings. T|„. 
mean depth of the Atlantic Ocean is 3868 m and 
its volume is 318,000.000 km a . See Ec ho sounds; 
Submarine topography. 

Broad shelve* with depths less than 200 m .in- 
found in the region of the North Sea atnl tin* 
British Isles, on the Grand Banks of Newfoundland 
and off the coasts of northeastern South America 
and Putagonia (Fig. 1). The Mid-Atlantic Hidgr, 
which extends from Bear Island to 55 M S. j* 
than 3000 in beneath the -airfare and i* rhara<|rr- 
ized by a pronounced relit f. It separates the eiM 
and west Atlantic trough*, noth of which have rel 
alive!) uniform relief. The east and west trough* 
are connected in the vicinity of the Equator hv the 
Rornanche Deep, the onjv deep submarine passage 
through the Mid- Atlantic Ridge, with a depth ol 
7728 m. This deep, although of relatively *mjll 
depth, is important for the distribution of bottom 
water*. 

Three marked east-west ridges -the Greenland 
Scotland Ridge in the North Atlantic and tin* 
Walvis and Rio Grande Ridges in the South At 
lantic and several less conspicuous east-west ri-c* 
separate the ocean deeps into a series of bn*-in* 
inefuding the West European. Canary, and Angola 
in the eastern Atlantic and the North American. 
Brazilian, and Argentine Basins in the western At- 
lantic. Only isolated seamounts (such as the (/real 
Meteor, Altair, and Atlantis Seamount) rise from 
the floor of the deep basins. Greatest depths occur 
in the narrow trenches along island arcs- 9219 m 
in the Puerto Rico Trqhch and 8264 m in 
South Sandwich Trencjh. See Seamount and 
cuyot. * c 

Islands. The islands of Jan Mayen, Iceland. N. 
Paul, Ascension, St. Helena, Tristan da Cunha- 
Gough, and Bouvet are part of the Mid-Atjan ic 
Ridge and are of purely volcanic origin. 1 . 
islands of volcanic origin but which lie outsi e : 
Mid-Atlantic Ridge are the Faeroes, Madeira, 
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lagic sediments, about 47% is calcareous Globig- 
erina ooze. 5% is siliceous diatom ooze, and 18% 
is red clay. Diatom ooze is predominant south of 
the Antarctic Convergence, between 50 and 60°S. 
Red clay is predominant in the great depths of the 
Argentine, Brazilian, and North American Basins. 
Littoral deposits are found on the shelves and 
slopes of continents. Turbidity currents have car- 
ried some of the littoral deposits far into the deep- 
sea basins. The zone of littoral sediments fringing 
polar and subpolar lands is especially extensive. 
Transported glacial materials of varying size may 
be found at any depth lying within the seaward 
range of drifting icebergs. See Marini: sediments; 
TURBIDITY CURRENT. 

Climate. The primary circulation of surface 
winds over the Atlantic Ocean is characterized by 
a zonal distribution pattern oriented in an east- 
west direction. (For a description of surface zonal 
winds, see Wind. I The greatest storm frequency, 
over 30% in winter, is in the zone of the prevailing 
westerlies. Winds of Beaufort force 8 or greater 
occur. Tropical cyclones, or hurricanes, occur only 
in the western North Atlantic in the late summer. 
Their mean annual frequency is 8; the lowest num- 
ber recorded was 2; the greatest number was 21, in 
1933. See Hurricane. 

Air temperatures are observed to follow a simi- 
lar zonal pattern of distribution. They are lower in 
the South Atlantic than in the North Atlantic, and 
lower in the tropics and subtropics over the eastern 
Atlantic than they are in the same latitudes over 
the western Atlantic. Maximum precipitation or- 
curs in the doldrum zone (2000 mm 'year). Pre- 
cipitation also is relatively great in the zone of 
westerlies, but is low in the trade-wind zones {see 
Climatology). The occurrence of fog is greater 
where the water temperature is particularly low 
compared to the air temperature. Thus, the Grand 
Banks have more than 40% fog frequency in sum- 
mer because of the cold water of the Labrador 
Current, and the coastal areas of southwest Africa 
have more than 20% fog frequency throughout the 
year because of cold upwelling water. 

Surface temperature and salinity. Surface tem- 
peratures are generally 1°C wanner than the over- 
lying air temperatures. Deviations from this pattern 
of distribution are caused by horizontal water 
transport in strong currents and by vertical trans- 
port in regions of upwelling. Surface salinity is low 
(less than 35% o) in the doldrums, where there is 
heavy precipitation. On the equatorial sides of the 
Horse Latitudes, the salinity is greater than 31% o* 
In the northern westerlies, the salinity is about 
35%o and in the southern westerlies, about 349(o. 
Salinity values below 3094o occur where currents 
transport melting ice, such as the East Greenland, 
West Greenland, and Labrador Currents. 

lea condition*. Sea ice is formed in the northern- 
most and southernmost parts of the Atlantic Ocean. 
From these areas drift ice moves equatorward into 
neighboring regions where it becomes a hazard to 
sea traffic and limits fishing. Many icebergs drift 



23 occasional Shipping routes 

T] ror€ A July \ to l 10 

B April 1 1 to June 30 


Fig. 2. Meon ice conditions in May in the Northwest 
Atlantic Ocean. 

southward into the sea lane* of the North Atlanta 
Most of these have their origin in the vallev pl.i 
ciers of west Greenland. As the glaner* emj>t\ 
into Disco Bay, the bergs break off and are . airml 
southward by the l*abrudor Current (Fig. 2> l*» 
bergs generally drift south of the Grand Bank- 
and some are known to have drifted southca-t “I 
Bermuda. During the period of greatest frnpirin' 
(between March and July), their paths are 
served and reported b> the International Ice 1 atr<». 
In the South Atlantic, large tabular iceberg* 
rate from the Antarctic ice shelf and drift n«m » 
ward. One of the largest, seen in 1953. wa* ni 
long. 40 km wide, and rose 30 m out of " r<l 

See Iceberg; Sea ice. ■ . 

Surface currants. Surface currents in th<* 
lantic Ocean How in much the same direction a* 1 1 
prevailing surface wind§. Deflections from * 1<>sr ' 
rections are caused by |he bottom topograp i\ a 
the latitude or increased effect of Coriolis on 
The fairly constant floW of the North 
Equatorial Currents is sustained largely »> 
trade winds. As a result, warm water i* I” ** j 
along the poleward borders of these curien * ^ 
on the western sides of the Atlantic rran * 
Ocean currents. 
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North Atlantic . The greater part of the water 
transported by the North Equatorial Current enters 
the American mediterranean a» the Caribbean Cur- 
rent, and leaves it as the Florida Current, which 
together with the Antilles Current, forms the Gulf 
Stream (Fig. 3). South of the Grand Banks, the 
Gulf Stream divides into several branches. Of these, 
the strongest current is the North Atlantic Current. 
This current flows across the Mid-Atlantic Ridge 
and forms several offshoots of relatively warm, 
saline waters which continue flowing in a north- 
easterly direction. One of these, the Irminger Cur- 
rent, reaches Iceland. Another flows across the 
Green land-Scotland Ridge between the Faeroes and 
the Shetland Islands, and thence along the Nor- 
wegian coast as the Norwegian Current. Part of 
this flow continues into the Barents Sea as the 
North Cape Current and part of it reaches the 
Arctic Ocean as the West Spitsbergen Current. As 
the waters enter the Arctic Ocean, they flow be- 
neath the salt-starved surface waters as a relatively 
warm, saline undercurrent, which may still be de- 
tected at the New Siberian Islands. The transport 
of cold water southward in the East Greenland and 
Labrador Currents compensates for the transport 
of relatively warmer water northward into the Arc- 
tic Ocean. Other branches of the North Atlantic 
Current flow southward as the Portugal and Ca- 
naries Currents. These currents join the North 
Equatorial Current to complete the circuit in the 
North Atlantic. See Arctic Ocean; Caribbean 
Sea; Gulf of Mexico; Gulf Stream. 

South Atlantic. The currents in the South Atlan- 
tic are, in many respects, the counterparts of those 
of the North Atlantic, for example, the Braziliun 
Current and the Gulf Stream; the Benguela and 
Canaries Currents; and the Falkland and the Lab- 
rador Currents. A circumpolar current, the West 
Wind Drift, is present, and at about SO°S there is 
a pronounced converging movement, the so-called 
Antarctic Convergence. The Equatorial Counter- 
current, which flows in an easterly direction be- 
tween the North and South Equatorial Currents, is 
clearly defined as the Guinea Current along the 
Gold Coast of Africa. See Antarctic Ocean. 

Deep circulation. The surface water in certain 
areas takes on a particularly high density in winter 
under the influence of climatic conditions (see 
table). These water masses sink to a depth where 
the surrounding waters have a corresponding den- 
sity, and then spread out at that level. At the same 
time, they are constantly mixing with the surround- 
ing waters. In this way, a multistoried stratification 

Waters of various araas mntiad according 


vs ncraning uvnwiy 


Area 

Temperature, °C 

Salinity, %* 

Weal Norwegian Sea 

<-l 

34.92 

Weddell Sea 

<-l 

34 6$ 

Labrador and 

Irminger Seas 

3 

35.00 

Antarctic 

Convergence 

6 

34.20 


arises with some of the characteristics outlined !>«. 
low. 

1. Subarctic Bottom Water, This very cold wat<-i 
flows pulsatingly over the Greenland-Seotlarid 
Ridge, but seldom penetrates farther south ihn, 
50*N. 

2. Antarctic Bottom Water. This very redd wat tr 
may be traced as far north as 40°N, where it ^ 
recognizable in the North American Basin. It also 
enters the east Atlantic trough through the Ko- 
inanche Deep. 

3. North Atlantic Deep Water. This originate* 
in the Labrador and Irminger Sens, is dispersed 
at depth of 2(XX)'3ft()0 nt, and flows southward to 
mix with salty water of the Mediterranean Sea 
which flows out from the Strait of Gibraltar. It ran 
be traced to the Antarctic where it rises. 

4. Subantarctic Intermediate W'atcr. This water 
sinks at the Antarctic Convergence to depths 0 { 
7(X> 800 m, where it spreads northward as f al 
as 20° N. 

The warm-water sphere overlies the Siihantarr(i< 
Intermediate Water between the oceanic polar 
fronts. Temperutures in these waters are greater 
than 8°C. Definite currents are found only at the 
four main levels of the deep circulation and «>» the 
west side of the Atlantic Ocean. They have speed* 
lip to 10 mi see, or 0.2 knot. The renewal of water 
at great depths is made possible by these nirreni* 
Compared with that of the Indian and Panin 
Oceans, the deep circulation in the Atlantic 0< r.in 
is very vigorous, and the deeper water is thnefon 
rich in oxygen. The abundance of null iritis per 
mits a greater rate of organic production where 
the nutrient-rich waters neurlv reach the surtax 
as in the Antarctic waters (Fig. l». Sec >iv 
water; Ska water teriii.ity. 



Rg. 4. Number of plankton organism* par liter in 
the upper 50-m layer in the South Atlantic. (After 
Htnhthtl and H. Wotteitberg, from G. Dittrich an 
K ♦ Kalb, Allgtmtino Meefoslr undo, Borntratgtr, I 

TNIet. The wmidiurnal tidal form predominate 
in the Atlantic Ocean. The semidiurnal tidal 
ia dintinguiMhed by an amphidromic P ,, *n* 
a node between fouth Brazil and the Gold ■«' 
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mother node between the \.r**er Antilles and West 
Vfrica, and an amphidrornic point at r>2°N. The 
nea n tidal rung* in about 1 m in the open ocean 
nit decreases to 16 on in the nodes off Hio (irande 
jo Sul in South Braxil, and to 9 rtn off Puerto Kiru. 
Tidal ranges inrrease beyond broad shelves um \ t / r 
favorable physic al conditions. They are 9.74 m in 
he Buy of Bahia Grande in Patagonia \ 5 PS ) , 
10.58 m in the Bay of St. Malo in the English 
Channel* and 11.47 in the Bristol Channel. The 
highest range for spring tides in any of the world's 
*eu9 is 14.14 m in the Bav of Fundy in the Gulf 
„f Maine. The tides of the mediterranean and mar- 
ginal seas are roose illations of the tides of the 
Atlantic' Oc ean. .See Tun:. 

Fishing. The total catch of fish in the world seas 
in 1956 ( whales excluded) amounted to 26.300.000 
tons. About 5 iV'f of the catch come* from the At- 
lantic Oc ean. The shelf waters ac count for m«M of 
the Atlantic' catc h as follows: 30 r ; in the Northeast 
Atlantic; 12* in the Northwest Atlantic : V f in 
the European Mediterranean; and V < in the South 
Atlantic*. 

Whaling is conc entrated in the Antarctic waters 
of the Atlantic. Pacific, and Indian Oceans. In 1955 
there were 14 factory ship* <6 Japanese. 5 Nor- 
wegian. 3 British. 1 Dutch, and 1 Nubian > in op. 
nation and 237 harpoon boats. The total catch of 
Ht>.060 whales (of which 25.208 were fin whaled 
vieldcd 365,000 tons of whale oil. In the North 
Atlantic, there were* 9 land stations engaged in 
the whaling industry. The \ield of oil. however. 
•*ds i-ompanirivelv low. amounting to 9682 ton- in 
1055. This low yield may be accounted for hy the* 
ilmoHt complete extermination of the- Greenland 
whale. 

Traffic and communication. The Atlantic Oc ean, 
'specially the North Atlantic*, is by far the most 
important bearer of the world’s sea traffic. earning 
dU»ut 7(K'J of the 500,000,000 Ions transported 
annually bv sea. Passenger traffic* by air exceeded 
that by sea in 1958 for the first time. Favorable 
trends include increased transportation capaci- 
ties for handling bulk goods, regular weather ob- 
servations for the safety of air and sea iraffic by 
father ships in selec ted positions, and the nh- 
wafion and reporting of drifting icebergs by the 
International Ice Patrol. Communication facilities, 
including telegraph and telephone cables and radio 
s tations. have been improved and increased in 
number. The first transoceanic telegraph connet 
ti‘>n was completed in 1866. Wireless telegraphy 
bridged the Atlantic Ocean in 1914, and since 
^6, conversations can be made between America 
Europe by telephone cable. For a discussion 
°ver*ea* telegraph and telephone communica- 
,l °n»*ee Telegraphy; Telephone service. |G.nt.) 
bibliography : A, Defant* Physical Occanogra - 
V ^ v °k** 1961 ; G. Dietrich and K. Kalle. AUge- 
* lrinr Mcereskundc. 1957; G. Schott. Geographie 
<i ' s Atlantischcn Oieans, 1942; H. Stommel, The 
,uI1 s *ream, 1958; H, U. Sverdrup, M. W. John- 
and R. H. Fleming, The Oceans * 1942. 


Atmosphere 

*dittlii?*T° US l CnvC ' ope l ^ e eart ^ comprises 
K V less than Am nmnmi part of the planet by 

mass, hroin the astrophysical standpoint it is of 
secondary origin, having developed as the result of 
< hcnural and photochemical processes combined 
. <Jl " c - rftn *iaI escape rates from the earth’s 
gray itation field. Chemical abundances in the 
atmosphere therefore are not directly related to 
cosrnir abundance*; in particular, the atmosphere 
t je earth, perhaps unlike that elsewhere in the 
universe, is highly oxidized and contains almost 
no hydrogen. See Atmosphere, geochemistry of; 
Elements (cosmic ahilnim v:ej. 

Composition. The mean composition of the at- 
mosphere. as far as it is known at present, is given 
in the table. This mixture is sometimes loosely re- 
ferred to as air. Water vapor, one of the most vari- 

The mean composition of the atmosphere 


Component • 

Mi frozen, 

Oop-n. Oj 
Argon. \r 
Water, 1 1*0 
( iliuxHif, ( 
N«*on. V- 
ll' liuin. lit* 

Metlmne. Cll 4 

Krvpton, hr 
ll>iirog*>n. Ifl s 

< IZDIK', ( h 

Nitrous oxide, Ns 
(’art niii lnorioxitlf 
X i*inui, \«* 
Itadon. Hu 


% by volt 




78.084 

20.046 ^09 by volume 
0 931 

1-10 S highly variable 
3x10 2 . slightly variable 
1 818 X 10- a 

r> 21x10 4 

1 3 X 10 \ slightly variable 
1.14 X 10 4 

6 X 10 _i , probably variable 
t X 10 \ veitieul average; highly 
variable 

:() 3.5 x 10 slightly variable 

, CO 1 X 10 \ variable 
8.7 X 10~* 

6 X 10" l " 


• No distinction is made between isotopic species 
t Except ■' water vapor. |>erccnU»ges art* for dry air. 

able constituents, is of unique importance in the 
transfer of latent heat in the lower atmosphere. In 
addition to the constituents mentioned in the table, 
the atmosphere contains solid matter, liquid drops, 
and local contaminating gases, such as sulfur 
dioxide and nitrogen peroxide, particularly near 
town*. See Atmospheric chemistry; Atmos- 
pheric FOLIATION. 

Vertical structure. When naming regions in 
the atnsi sphere, reference is usually made to the 
thermal structure. The most generally accepted 
scheme is shown in me accompanying illustration, 
which shows temperature and pressure as a func- 
tion of height up to ISO km (93 miles) for mean 
conditions in mid-latitudes. Data are very uncer- 
tain above 100 km (62 miles ) . 

Troposphere. The troposphere, the seat of all 
important weather processes, has been studied 
mo- than any other shell or layer of the atmos- 
phere Aspects of its physics and dynamics may be 
referred to under the following general categories: 

1 Physical phenomena that can be treated sepa- 
rately from the interlocking weather systems and 
general circulation of the atmosphere, for exam- 



pie, electrical phenomena, physics of clouds, radia- 
tive transfer, and atmospheric optics. See Atmos- 
pheric electricity; Cloud physics; Insolation; 
Meteorological optics; Radiation, terrestrial. 

2. Physical climatology, which considers the 
interaction of processes resulting in the mean 
state of the atmosphere, or climate, and regards 
weather systems as statistical variations of this 
mean. .See Climatology; Weather; see also Air 
mass; Air pressure; Air temperature; Precipi- 
tation (meteorology); Wind. 

3. Weather prognosis, the determination of the 
state of the atmosphere at any one time in con- 
siderable detail and the application of hydrodynam- 
ical and thermodynamical principles or empirical 
rules to prediction. See Meteorology. 

Stratosphere . Although the stratosphere (11 SO 
km) is often treated as dynamically distinct from 
the troposphere, it is a region of essentially similar 
physical character. Two features appearing here 
are the generation of ozone in the upper part of 
the stratosphere and the slow rate of vertical mix- 
ing. as evidenced from the settling of nuclear bomb 
debris. The latter feature is probably related to the 
great hydrostatic stability of the stratosphere, 
arising from positive temperature gradients. 

Another difference from the underlying tropo- 
sphere is that the stratosphere has only a few per 
cent of water- vapor saturation, with the result that 
latent heat transfer is of no importance and clouds 
are extremely rare, having been only occasionally 
observe#! near 23- km altitude over Scandinavia. 
Apart from ozone and water vapor, gaseous con- 


centrations are the same in both troposphere and 
stratosphere. The stratopause is the top of the j„. 
version luyer in the upper stratosphere (50-55 kmi 

Mesosphere . The physical phenomena of the* 
mesosphere also differ little from those of t}, f . 
underlying atmosphere. A division at the strata- 
pause is in fart highly artificial and is not recog. 
nized by some workers. Rocket measurements have 
shown that diffusive separation by gravity does not 
occur, hence apart from ozone and water vapor 
the composition of the mesosphere should corre- 
spond to the average for the atmosphere. Ozone i> 
generated in the mesosphere and a number of other 
photochemical reactions can be inferred from 
studies of the airglow (see Aikgi.ow). This region 
is the seat of transformation of most primary into 
secondary cosmic radiations. The lowest ionized 
layer, the I) layer, also occurs in this region. In. 
tense meteor trains reach down into the me*o. 
sphere, and their brilliant combustion burned the 
original grounds for the belief thut the tempera* 
tore was comparatively high. This high tempera- 
tu re is caused by absorption of solar radiation h\ 
ozone. At the mesopaii'C. the ba*-e of the inversion 
at the top of the mesosphere 1 80 8. r » krn), <>< ( a . 
sional noctilucent clouds are observed. 

Ionosphere. The region of rising f *-n>|««'i ;ttm«- 
above the nie-opaiise is the theiinosphete i{',n 
130 km). The ionospheie. the legion with f i Hu 
trons in significant numbers, extends below tin- 
mcMipaiiM* : it has a peak election deu-dtv ,u 
120 km. As pressure decreases, lhei im.dv n.tmji 
equilibrium gives way to processes maintained l>\ 
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Aoiorol "drapery," photographed in northern Canoda. (life, £) 1955, Time, 


Double-ore aurora occurs when atoms and molecules of air are excited in two 
zones, one above the other, photographed in northern Canada. {Life, 7955, 
Time , Inc.) 





iiirecl solar control. A rapid changt? in this dim-, 
tion takes place at thf menopause. Breakdown of 
thermodynamic equilibrium between the vibra- 
tional energy level# of the thermal radiators (water 
vapor, carbon dioxide, and ozone ) means that the 
thermal control mechanism changes radically and 
the temperature rises steadily in the lower iono- 
sphere to values not yet accurately determined, 
fhe whole region is strongly ionized, ionization 
taking place in overlapping layers the Heaviside- 
Krnnelly or E layer, near UK) km, and the Apple- 
ton region or Fi and F 2 la vers from 300 to 400 km. 
Mach data on atmospheric motions are available 
(or the E layer from ionospheric drift and meteor 
rain measurements. These motions in an ionized 
iirdiuin give rise to measurable geomagnetic ef. 
ftrls at the ground. Data are al*o available for the 
(. region, but considerations are complicated bv 
he increased viscosity of the atmosphere and 
nagnctodynainic interaction*. Above 90 kin there 
* rapid pnotolytic decomposition of all molecule* 
xcept nitrogen, which probably remain* in mo- 
dular form up to the F region. In tin- F region, 
•ra* Rational diffusive separation i* al*o likely to 
,r important, and the atmospheric composition 
hen-fore differs greatly from the mean. A nnm- 
)( »r <*f air-glow emissions have their seal in the 
!, sphere, but th^ most impressive and scientifi- 
jilv rewarding single feature is probably the 
urora. which occurs at all levels up to 1000 km. 
, 1 ,-teur train* also occur in the lower ionosphere. 
\i bora: Ionosphere. 

Exosphere. The last distinct feature of the atmo*»- 
here is the exosphere, or the region in which 
iiinard-travcling molecules suffer no collisions 
ntil they return to the atmosphere. The level at 
huh this begins to take place depend* mainly 
n the temperature and composition of the atmos- 
herr. hut is likely to l>e near the upper limit of 
v aurora. .See Aeronomy: Astronomical geo- 
iiho,, see also Cosmic trodyn amics; Cos- 
i' hays; Photochemistry. 

Bibliography: S. Flueggr fed. I. Handhuch der 
huik, v<d. 18. 1957; R, M. Goody, The Physics of 
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processes is less commonly appreciated. 
t . ** ^ J)er . la<:u l i ar physiographic differences between 
-art i and the Moon, which is completely de- 
vojU of atmosphere, bear witness to the geological 
Mgnific'fanre of the atmosphere. 

rh« mass of the atmosphere is large by ordinary 
standard*. The portion above 1 square foot of the 
tarih* surtax weighs nearly 1 ton. The most 
rar# ' ful ftslii nates give 51.17 X 10*° g for the 
total mass of the atmosphere exclusive of water 
vapor. 


I he composition of the major constituents of the’ 
atmosphere is essentially simple (Table 1 ). Nitro- 
and argon together account for 
99.97 f 7 of the total volume of dry air. The water 
vapor content of air is highly variable, forming 
from 0.02 4.0 'y by weight. The minor constituents 
mav bn verv important. For example, the relatively 
*inall quantity of ozone (O 3 ) present in the atmos- 
phere play« a vital part by efficiently absorbing 
ultraviolet radiation which would be lethal for most 
exiting forms of life. 

Other trace constituents of the atmosphere (not 
listed in T ilde 1 ) are the sulfurous compounds, 
ammonia, formaldehyde, carbon monoxide, hydro- 
gen peroxide, and mercury. Sulfur dioxide, sulfur 
trioxide, and hydrogen sulfide originate from vol- 
canic emanations, burning of coal, smelting of sul- 
fide ores, and the decomposition of sulfur- bearing 
organic compounds. Ammonia is produced by the 
decomposition of nitrogenous organic substances. 
Carbon monoxide is released by volcanism and fuel 
consumption. Formaldehyde probably results from 
the ultraviolet-activated reaction of carbon dioxide 
and water. Ozone and hydrogen peroxide can be 
synthesized during lightning discharges in the 
atmosphere. However, most of the ozone is formed 
a* the result photochemical interactions in the 
upper atmospK e. Laboratory experiments indi- 
cate that lightning can activate synthesis of minor 
amount* of simple organic compounds, such as the 
amino acids. The small quantity of mercury in air 
i about the same magnitude as iodine ) is a conse- 
quence of its high vapor pressure. 


\r Stratosphere , 1954: T. F. Malone led.). Com- 
mdium of Meteorology , 1951; H. $. ^ • Massev 
id R. L F. Boyd. The tapper Atmosphere, 1958: 

A Ratcliff? fed.). Physics of the Vpprr Atmos- 
I960 ; U.S. Air Force, Handbook of Geo- 
hws. rev. ed., 1960. 

tmosphere, geochemistry of 

chemical investigation of the atmosphere is 
nmarily concerned with (1) the origin, evolution. 
^ composition of the atmosphere; (2) the m *' 
aiion of chemical elements between the atmos- 
lfrc and the lithosphere, hydrosphere, and outer 
and (3) the geochemkal processes which 
’* ct the atmosphere or by which the atmosphere 
the rest ot the Earth. The dependence of 
e the stability of atmospheric composition is 
matter of common knowledge. The profound ef* 
ct of the atmosphere as a driving force for geo- 


Table 1. Composition of dry atmosphere* 


Gas Volume. % 


78.09 

20.95 

0.93 

0.03 

0.0018 

0.00052 

0.00015 

0.0001 

0.00005 

0.00005 

0.00004 


Mass, % 

Total mass. 
g X 10 M 

75.51 

38.65 

23.15 

11.84 

1.28 

0.65 

0.046 

0.0235 

0 00125 

0 00064 

0 000072 

0.000037 

0.000094 

0.000043 

0.00029 

0.00015 

000008 

0.00004 

0.0000035 

0.0000018 

0.000007 

0.0000035 

0.000036 

0.000018 

0.0000002 

0.0000001 

1 X 10" 1 ® 

5 X 10~ n 

5 X 10' 17 

2 X 10~ 11 


00000001 

2 X 10~ n 

6 X HT“ 

r n The Earth at a Planet The Solar 

tin G. P- nuiper* * 1954. 

“ol. 2. University of Chicego Pree*. !»»*• 



630 AHnoiplwrt, giochtmlitry of 

Organic and inorganic impurities, in addition to 
the permanent gases and vapors, are invariably 
present in the atmosphere. These impurities are 
curried aloft as dust and smoke from the land or 
as spray from lakes and the ocean. Volcanic erup- 
tions and explosions may eject large quantities of 
finely divided ash into the atmosphere as in the 
rase of the explosion of the volcano Krakatau in 
Sunda Strait in J88T Also, significant quantities 
of meteoric dust are introduced into the atmos- 
phere from outer space, the exact amount being the 
subject of a livel\ debate eventually to be resolved 
bv measurements telemetered from artificial satel- 
lites. A significant part of these impurities, being 
colloidal)* stable within the atmosphere, may .ict 
as condensation nuclei for water droplets and are 
eventually purged by rainfall. The mo*t important 
part of the suspended inorganic constituents are 
the chloride*, *ulfate*. nitrates and nitrite" of 
sodium, potassium, cab turn, and magnesium. Sev- 
eral investigators claim that most of the salt* in 
river water have been reeve led from the ocean>. 
For example. F. J. Conway has estimated that over 
of the chloride in river water has been derived 
from *ea spray carried over land. See IhoRoioov. 

The natural tv radioactive inert ga-es. radon and 
thoron. contaminate the atmosphere with their de- 
cay product*. The*e decav product- are captured 
efficient Iv by cloud droplets and concentrated in 
the rainwater. In a like manner, artificial!* pro- 
duced fission product* atta* hed to fine!* divided 
particulate matter form the mi* lei of. or are cap- 
tured b*. cloud droplet* and are removed from the 
lower atmosphere. Thus rainwater, far from being 
pure, contains numerous atmospheric impolitic*. 

Cosmic rays produce both radioactive and stable 
isotope* in the atmosphere. Thus carbon- 1 ( tritium, 
radioherv Ilium, and other cosmic-ray -induced radio- 
active isotope* are present in the atmosphere in 
addition to naturally radioactive and artificial!* 
radioactive isotope* Radiom.tivk t m.i.oi i : 

RxilfOVTIVF SPI.CIKS PHOIMCH) BY M>*MI< IUYM. 
The investigation of the radioactive and *tahle i-u- 
tope* m the atmosphere and in rainwater i" a fruit- 
ful subject who h ha* led toward the solution of 
such important problems as the rate of transfer of 
air between the upper and lower atmosphere, the 
geographical origin of rainwater, the rate of purg- 
ing of particulate matter from the atmosphere, the 
rate of contamination of the atmosphere by indus- 
trial product*, the degassing of the lithosphere, 
and the geochemical cycle of carbon. 

The structure of the atmosphere has important 
geochemical consequence*. Above 450 km there is 
a low-density, high-temperature region fthe exo- 
sphere » in which atomic collisions are at a mini- 
mum. As a consequence, a significant fraction of 
lighter atom* originating in the denser region* be- 
low pass through this layer undetected and escape 
the gravitational field of the Earth (providing the 
velocity equals or exceeds the escape velocity). 
In about 2000 years one-half of the present hydro- 


Tabli 2. Oxygen Inventory* 


Total estimated production In (i 

w*Knm,H 

By photosynthesis in excess of reapiml ion 

181 

By photolysis of water vapor 

:><> 

By nitrogen fixation 

•I 

* 

Estimated total 

ins 

Free and fossil oxygen 


Free in a toe sphere 

12 

As sulfate in sea and sediments 

17 

\s ferric iron in sediments derived 


front ferrous iron 

It 

Total 

7:i 


• From <i, I*. Kui(»cr, 77ir Earth as a Eta nW- Thr St,i u 
System, vol 2, \ V nivrr»il> off'lmago Press, P»r,i 

gen content of the atmosphere will he h.q t*> 
space and the lo*s replenished by volcanic m iivi!, 
and the photo< hemical dissociation of water v v qn.r 
This dissociation take* place primarily in Hit 
thermosphere ( { H) 450 km). However, the -tut. 
sphere I 18 Hi km) acts as a “freezing tu|. 
tlOO'K) which effect iv cl v limit* the *uppU 
wuter vapor to the upper regions, Tltu*. the »\ ( vi 
encc of the Earth** extensive oceans is (1 < 4 ,n- 
qtience of the complex structure of the atm«>-plir n 

The concept • *f the geochemical t \*1»- is , ,,n 
I’erned with the migration *d the i hrniic.d t a l» im -n 
in nature. There cxi.-t* a coiitiiiunu* ti.m-lr* 
element* between ro< k. w.itri. an. arid living <■- 
gani"ins. 'Hie above mentioned photo* )it-ni i* .d i- 
cnmpo*ition * ptiotolv -i* \ « > f water i- mur tin- 
sufficient to -nftplv all the oxvgen now pt*-t»!i :• 
the atmosphere >ignih« ant quantities n \ \ ^er, 
also released bv photo*v nthe-i* and nitiogn. , 
ti«m. Owgen i* consumed bv rr*piiation t Is*- «* . 
mat ion of sulfate*, and the oxidation of -rdutnt:i c 
and magmati* ferrous iron to ferric ir**n T! • 
gemhernital inventorv mav be drawn up to a* * i**.i } 
for the total prodiu lion « > f oxvgen and die ! 
free and fossil oxvgen » Table 2 ». 

If ha* been *ugge*ted bv \V W. K i 1 1 ‘»-x tha* • 
1604 Jg deficit in atrnospherii ami fo-*il 
«orn pared with total estimated production in 1 • 

2 result* from the oxidation of magmati* uiin 
than sedimentarv ferrous iron. This implu- f h a 
for everv molecule of (!().• liberated bv * '•*' • ifl 
ism, one atom of oxvgen wa* c*»n-urncd bv H? # 
dation of *uho\idi/cd magmatic m* ks. 

Origin of Earth's atmosphere. T!ii< 

is inseparable Imm that of the origin <d 
atmosphere* in general. An intimate know 
the Earth’s atmosphere, combined with 
pari*ons s« ienlisf* have made between the planet ,tn 
and stellar atmosphere*. is leading toward ;i ■‘ ,l 
factor* solution. Sonijr of the critical oh-erwd*' r 
and speculations arc follows: 

I. If the deficiency factor of an element ' ' 
fined an the log (h'b) where h is the rte J ,,n ^ f ( 
cosmic abundance (primarily stellar an« 
stellar) and a »* the- estimated abundance 1,1 
whole Earth, then all the inert gases arc d» « * 
hut tlie light inert ga**» are more so than th r n ' 



inert £*'*» I b>K (b/a): He » 14 , \ e * 10 r> 
\r - B.B, Kr - 7.2, Xe - 6.5 J. 

The chemically uctive volalileK (f or example 
H ater and nitrogen) are definitely defir W-nt. hut 
distinctively lens ho than the inert gases of ,om 
parable molecular weight 1 log </> 11,0 = 7. 

Ns 48 h]. 

Element* forming nonvolatile compounds i for 
example Na, Mg. Al. and Si » are not at all 
deficient | log (h'a) « 0]. 

2. The dense atmospheres of the major planes 
(Jupiter, Saturn. Uranus, and Neptune > contain 
large quantities of methane. 

\ Curhon dioxide rather than methane i- -table 
on the terrestrial planet- (Venus. Earth. and 
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flatted they became hotter because of contraction 
and radioactivity. Vohanisin then resulted in the 
exhuiaiion of a secondary atmosphere from gases 
and volatiles trapped within the solid body of the 
planet. Mercury subsequently lost its secondary 
atmosphere because of its size and proximity to the 
• S ' ,in - -^imilailv. Mars lost most of its atmosphere. 
but the density and position of the Earth and its 
neighbor Verms were more favorable to the reten- 
tion of a secondary atmosphere. 

Thus, th e available evidence indicates that the 
Earth's atmosphere has gone through three main 
"tages. In the protoplanet the predominant gases 
were hydrogen, helium, methane, ammonia, watei 
vapor, and the inert gases. After accretion of the 


MarO. *» 

4. If hydrogen made up only 0.1 of the Earth's • 
atmospheric volume, methane and ammonia would ti 
be ihcrmndvnarnicailv stable rather than carbon d 
dioxide and nitrogen. I 

r> \t present the Kart f 1 is losing both hydrogen t 

and helium to outer space. If at one time the 1 

exosphere had a higliei temperature and the Earth 
itself were less dense t that is. if the mass.radius ] 
T(1 tio wjh lower t. then more of the heavier gases 
ilf ,d volatiles would have escaped. 

T|„. aimed 't m e of the more volatile s„l»stamcs 
( called e\res« volatiles 1. such H.O. < fh. V. V 
tnd Cl. is much ton great in the present atmos- 
phere. hvdrosphere. biosphere and in am ient sedi 
ments to be explained a* the result of r..« k weath- 
ering alone. 

7. The relative ahundame of the excess volatile* 
.imilur l<> that «f th«- -am** -iib-Mwe- in ga-<- 
.M-apiti)! (turn \..lvsin«i*-. himarolt-. and hm 
-VtintJ-. and <•( pa-**- '«•, Imh-d in ign«.u- r.«k- 

and meteoi itef. 

K. Then* i- no definite evidence in the e\ti«t 
-citlnpir r.vord of a -ndden • bang** in tin* total 
\ iilnm** *>f -«*a water or .-..mpo-ilion <d tin* 

II on** a— nine- th** planet- wen* (mined from a 
ml ating m-h.ila . pa- and dw-t ' -urronnd.ng a eon- 
trailing proto-tar. all th<* above point- 1 "* n **" 
plained a- (olios-. V- gravitational in-talnl.u 
in. the -olar n.-httla broke up '<> f' 1 "" tin* prot.n 
l-lam-t-. At fir-t th*-** protoplan**t- were .*.«M anil 
•imilar in eompo-ilion !«> th** proto-un. ** I inn 
i ipal pa-**- were hvdrogen. h<*lium. n*on. nut *a 1 
ammonia, and water vapor. A- th«* Sun iontta<i«<^ 
it tnrtoasrd in t«*mp«*ratnri*. Radiation am -ti*- 
"I ionized part irl**- emanating from tlu* bun *•‘1 
mtcrplanotarv -par** rlran and botnh.tr •*« •' 

itmo-phere- ..( the protoplanrt-. rr-nlttnp m^t *’ 

huimitiori «»f exosphere**. 1 he proximity j* * 1 
•tnd the maHMo-dianwter rati* 1 largeh < «l»rmn 
’he fate «f the prntoplanrfarv atmosphere*. me 
atmospheres of the terrestrial planets wer* a n1 ‘ ^ 
r, »mpletelv dissipated bv escape •«» * uTt . 1 ' 

f be major planet*, at a greater distant e r ° m 
s '*n. retained a significant fraction of thrit P"« ’ 
planetary atmonphere*. A« the protoplanets co 


planet and depletion of the hvdrogen «upply. by 
(ontinu«ius escape to the void, there was a transi- 
tion to carbon dioxide, nitrogen, argon-40 (pro- 
duced bv radioactive decay 1. and water vapor. The 
present state has been brought about by the produc- 
tion of photolvtic and photosynthetic oxygen and 
bv the weathering of igneous rocks, with the con- 
sequent formation of sediment ary carbonate de- 
posits. it i- quite possible that our mvsterious sister 
planet. Venus, which i< shrouded in an enigmatic 
blanket of carbon dioxide, has an atmospheric 
composition similar to that of the transitional 
phase through which the F.arth once passed. 

\\ail.ihle evidence, derived from the sedimentary 
record, ha* not conclusively demonstrated that the 
Piecamhrian atmosphere was quite different from 
that at pre-ent. However, it should he kept in mind 
that there is no extant rock record for at least one- 
third of the Earth's history as a planet. .See Geo- 
1 (X.IC M TIME M F. 

The ptoblem of the origin and evolution of the 
Earth's atmosphere is the subject of active research. 
Euither .. ‘filiation concerning this problem will 
vhed light »\mn the most profound geologic proc- 
t >^cs inr hiding the question of the origin and evo- 
lution of life itself. 

Sec ViMospiintn chemistry : Biosphere. geo- 

llltMIMM OH El EM ENTS {lO^MIC ARl'N'l) ANCE) : 
Keimenin Nl-n.lWK^ f ORIGIN 1: Hvdrosphkrf. 
,.V«.*himimry Of : MKmtHtTK. ,, \ r - r , 

Ihblwer.mhi: 0. K. Bat**> «*J.i. The Earth and 
l,s Um., sphere. 1**8: F. W. Clark**. The Data o/ 
(.,-oehenZn. S,h **<k. I’SGS Bull. 770. 1924: P. F. 
Pam ... ami .1. K Kulp. Inert ga-es and the evoln* 
ti „ n „f the atm*-phere. Geoehim. e, Cosmochtm. 
< . . n*-’80-29 i . 19S8: G. P. Kutper. The Atmos- 
; , ,rl Earth .ft the «-«, 1«= «• 

Kniper led. ' . The Earth as a Planet: The Solar 
' s,Tm '<»!• 2- WM; B. H. Mason. Pnneip es of 
’ , ' . , .>.1 #>f i 1 9 S 8 • K. Rankama and T. (*■ 

> Geoehetms n 2d *d. 1 *>»• N p lan . 
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I Their Origin and Development. 1%.. 


Atmospheric acoustics 

The behavior of sound traveling through the attuos- 
The neltavioi » e( i u v boaters on a lake 

phere. Evening qut * : Joes blast 

exemplifies atmospheri*. aimts.tr 
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damage wrought by explosions at great distances. 

Inhomogeneities of the atmosphere bend sound 
rays during the process of transmission. In quiet 
air, the speed of sound is proportional to the square 
root of the air's absolute temperature, and is inde- 
pendent of air pressure or density. Humidity af- 
fects sound speed very little. When air immedi- 
ately above the surface of a lake is warmer than 
air a few meters up, sound rays from a splashing 
oar curve upward and the lake seems quiet. Con- 
versely, if air immediately above the surface is 
colder than the higher air, sound rays curve down- 
ward, and sounds carry to surprising distances. 

Since parts of the atmosphere between sound 
source and receiver are usually in motion (winds}, 
the velocity of sound (that is, the vector sum of 
wind velocity and sound speed in quiet air ) nearly 
always depends on its direction and distance from 
the sound source. Only through a stagnant, isother- 
mal atmosphere would sound travel a straight line 
from source to any receiver. Through the real at- 
mosphere, winds, wind gradients, and temperature 
gradients cause sound ray paths to curve, and can 
cause convergence or focusing in odd manners. 

Skip zones, where no sound is heard, often occur 
between sources and locations of intense sound. 
Earth or water reflects essentially all air-borne 
acoustical energy striking its surface; when a focus 
of noise is observed 10 kilometers north-east from 
a source, additional noisy spots will usually be 
found in the same direction at multiples of this dis- 
tance. Accurate knowledge of atmospheric temper- 
atures and wind velocities as functions of altitude 
permits mathematical prediction of the existence 
and locations of focuses, or their absences. 

Temperature pattern, with altitude, of thc^ stand- 
ard atmosphere is nearly ideal for producing one 
or more sound focuses. Somewhere 100-250 kilo- 
meters away from the source, beyond a zone of 
silence, the boom from an explosion will usu- 
ally be heard clearly. Because the sounds heard at 
these great distances have apparently traveled 
slowly, they are called abnormal or anomolous. 
Anomolous sounds can encircle the source, but in 
the mid-latitude zones, because of stratospheric 
winds, they are more generally observed east of the 
source in winter, west in summer. Scientific studies 
of abnormal sounds, employing explosions as 
sources, have measured temperatures and wind ve- 
locities in the atmosphere at altitudes unreachable 
by weather balloons. See Sound. fE.r.c.] 

Bibliography : E. F. Cox, H. J. Plagge, and J. W. 
Reed, Meteorology directs where blast will strike. 
Bull. Am. Meteor oL Soc. t 35(3 1 :95-103, 1954; 
S. Fluegge (ed.). Hand buck der Phy&ik, vol. 48, 
1957. 

Atmospheric adiabatic change 

Any process which involves temperature changes in 
the atmosphere without addition or subtraction of 
heat and generally with vertical motion. Most 
clouds and all substantial precipitation are pro- 
duced by adiabatic cooling in rising saturated air. 


Adiabatic, literally “no flow of heat," is the revere 
of diabetic ( sometimes called nonadiabatic j . 

Change with vertical motion. Atmospheric p r ,. s . 
sure decreases with height. Rising air thus expands 
and the conversion of internal energy into the work 
of expansion leaves the air cooler. Similarly, air 
becomes warmer as it subsides into regions <,f 
greater atmospheric pressure. As the temperature 
change is entirely the result of expansion or com. 
pression of the air parcel, it is an adiabatic 
change. Rising dry air cools adiabatically 9.8"C km 
of height, which is called the dry adiabatic lap H . 
rate. See Adiahath: process. 

Potential temperature. An important parameter 
in meteorology, potential temperature is defined 
the temperature an air parcel would have if brought 
adiabatically to a pressure of 1000 millibars (mhi 
(29.53 in., mercury barometer). For drv air it is 
a single-valued function of entropy. Processes j n . 
volving no <hange of potential temperature (rm 
change of entropy ) are called isentropic; a stir fare 
in the atmosphere having everywhere the same \><> 
tential temperature is an isentropic surface. 

Atmospheric lapse rate. The dry adiabatic lu^r 
rate, 9.8*C / km l also applies closely to uinrtluraird 
moist air. But the lapse rate for rising saturated 
air is less because the latent heat of condensation, 
or subiimution. is released. The lapse rate i- thei, 
known an the saturation lor wet I adiabatn lap»e 
rale, or pseudoadiabatic lapse rate. These two die 
nearly the same and are often used interrhangedhh. 
but the pseudoadiahatic is slightly greater liwaute 
under those conditions condensation product* an* 
assumed to drop out, whereas in the saturation adi- 
abatic process they are^assumed to be rarried 
along. A few value* of the p«eudoadiabatic lap*r 
rate, per km, are shown in the table. 

Selected value* of pseudoadlabatic lapsa rate 


Water stags fcondemuition/ 


Temperature. HZ 

-10 

0 

10 

20 

Pronure. mb 





1000 

76 

6.5 

5 3 

t \ 

500 

6.4 

5 ) 

4 0 


Ice stage (sublimation) 





Temperature, HZ 

-30 

-20 

-10 

-5 

Pressure, mb 





1000 

9.2 

8.5 

7.4 

66 

500 

87 

7.6 

6.0 

5 2 


hocrcr: Smithaonian Meteorological Toble* 

The term lapse rate applies above to change m « 
rising air parcel; lapse Irate frequently also means 
the actual decrease of temperature with heigh* »n 
the atmosphere. Actual lapse rate* vary considera- 
bly with time, place, and height. A layer in wni< 
temperature increases vfcth height (negative 
rate) is an inversion. See Temperature ir ver^ov 

Adiabatic diagram. $uch a chart may 
for plotting temperatiuf* moisture data row 
upper-air soundings; fo* computing pressure- ei# 
relationships; and for analyzing data for 
stability, air-mss* character, and other wca 




tpmperatur*. deg rMt cenogrode 
Adiabatic diagram. 


ii>rr* , ;i*>( iu^ purpose-*. Gmidinatc* of lh« < liarl jrr 
icmpnature and pressure l<» the power <Im-.j p 
mi dial dr\ udiubuts flints of equal potential tem- 
perature l art* straight. i’setidoudiahats or ^atura 
lion udiahuts curve upward to tin* left and are 
sleeper than the drx adijhats; the former represent 
tiir pressure-temperature « urve in rising ^.ituiatrd 
an whereas the dr\ udiabats applv similurlx to 
iinsatututed air. Tin* «teepest '•ft of sloping lines 
n<* linen of constant saturation htimiil it\ mixing 
ratio, the ratio liv weight of water \apor to the 
•I'Miriated amount of dr> air. when the air is satu- 
rated. expressed in gram** per kilogram. The verb- 
al coordinate varies rough!' linearlx with height: 

‘ mean height difference in the atmosphere between 
l f MM) and .'l(M) mb i« about km or .*10.000 ft. I he 
xhahatic diagram was developed hv li. Hertz and 
Uter modified t»> its present form, though num xar- 
uii i» »ns ha\c been used. 

Ihetephigram <7’-0gram> is a notable variation 
‘"lapted tr> meteorology b> Sir Napier Shaw. It" < 
dinute is temperature 7\ and its abscissa entropv 
rt< labeled as potential temperature. Anx cvde of 
^mjverature and pressure changes plotted on the 
Hcrt^ diagram will enclose an area «nlv approxi- 
matelv proportional to the net gain or loss of 
^ at - hut on the tephigram it is exact. The tephi- 
* rain i* also somewhat more convenient for anal- 
“““ °f thermal stability in the atmosphere. 
Atmospheric Stability. This attribute, also called 
h^rmal stability, in a state in which the atmosphere 
"■ distant to vertical motion. In contrast, instahil* 
l ' a condition favorable to active vertical inter- 
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tZml'"- -»h imm. 

Ul.iluy or mcrcasi- ,.f instability. 

|,. SK ti.JX/r atrn,,s,)here is Prevailingly 

,. r f ( . r * a< ^ ,a hati<;, so that a rising parcel 

t a!r "j« '-me -older (and heav- 

i ln . , ' , "^'""'"nding. and sink bac k to its orig- 
Ji " 1 - S,m ' ,ar| V- ’< air is forced downward. 
M - II be, warmer and return upward. Thus the 

drv adb.bati',, ^ ”** “ ,t,an ,he 

\|| m which the lapse rate is greater than the 
aliiratjon adiabatic but less than the drv adiabatic 
sa,,, '’*• "•mlilinnally unstable because vertical 

'"■•lions can readily occur if the air becomes . ahl . 
iale.1. Before conditional instability can be reaped. 

must be sufficient moisture in the air and also 
H-uaHy s„ nl e initial impulse t„ produce saturation. 

until, of moist air. such as in cumulus clouds, 
at'-u a sufficient impulse, can sometimes penetrate 
an intermediate stable laver to reach higher un- 
'talile levels. Strong conditional instability ir. a 
•up l.ner tS 10 km or morel, accompanied bv 
nigh terr r "erature* and moisture content at low lev- 
♦•I". m.ix < aiiM* sex ere thunderstorms. 

( lianges in stability max he produced by diahatic 
HhvK mi< h as solar heating at the ground, and 
aU) 1>\ adiabatic effects when vertical motion is 
different at different heights. For example, initially 
stable air « an be made less so bv low-level horizon- 
tal < onvergence because compensating upward mo- 
tion i- greater at higher lexeK producing greater 
c<n»Iing aloft and therefore a steeper average lapse 
rate. 

Mathematical expression. For the adiabatic* 
processes a mathematical expression max he devel- 
oped from the first law of thermodynamics. Ac- 
* ordinglx . *or unit mass of air : 

dQ = r f dT -f j da 


where Q *s quantity of heat. Cr specific heat of air 
at constant volume. T temperature. / mechanical 
equivalent of heat, p pressure, o specific volume 
< volume of unit mas* l: c, dT is an increment of 
internal beat energy and {p i) da an increment 
of work, in ’hernial units. From the equation of 
state, pa - ml 7*. where K is the universal 
gas constant and m the mean molecular weight of 
air <2h/K for dr> air I. it follows that p da = 

I K m ) dT ■ ndp also noting that dp * ‘ den- 
vitx X gdz * -fg o l dz , where g is acceleration 
of gravity and z ■ height, the equation becomes 

dT _ (gfl- {dQ dz) 

dz ’ r r + (R mj) 


or. since c r f < R m/ 1 
constant pressure. 

dT 

dz * ' 


the specifie heat at 

1 dQ 
Cj/fe 


Bv opiating the la-' «"» ri t‘ h '^ ? ; er °; ,his 

bernmw the equation for the dn adiabatic lapse 
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rate. Values of the pseudoadiabatic lapse rates can 
be obtained by considering the process as diabalic, 
and substituting for Q the latent heat released by 
condensation to water or ice. 

Potential temperature, 0, and entropy, </>, are 
given by 


and 


6 

4 > 


'O' 

c p In 0 4- constant 


where T is absolute temperature and k « 
R mjc p ) * 3$. See Cloud; Entropy; Humidity; 
Metcorolocy; Thermodynamic principles; Tur- 
bulent flow. [j.r.f.] 

Bibliography : F. A. Berry, Jr.. E. Bollay. and 
N. A. Beers (eds.). Handbook of Meteorology , 
1945; S. Petterssen. Introduction to Meteorology , 
2d ed., 1958; H. C. Willett and F. Sander, Descrip * 
the Meteorology , 2d ed„ 1959. 


Atmospheric chemistry 

A meteorological discipline concerned with the 
chemical composition of the atmosphere and the 
atmospheric transports between different geo- 
graphical localities of substances found in the at- 
mosphere. 

Chemical substances in the atmosphere are pres- 
ent either as gases or as small particles, liquid or 
solid, or in both forms. The accompanying table 
gives the average chemical composition of the at- 
mosphere. Molecular nitrogen and oxygen make 


Chemical composition of the troposphere 
at 1 atm pressure 


Element or compound 

Partial pressure, 
atm. or concen- 
tration. pg m 1 

Remarks 

Nitrogen, Nj 

0 78101 atm 

Constant 

Oxygen. Ot 

0 20946 atm 

Constant, 

Argon, Ar 

0,00917 atui 

Constant 

Water, H/> 

—0,02 atm 

Very variable 

Carbon dioxide. CO* 

33 X JO" 4 atm 

Somewhat 

variable 

Neon. Ne 

1.82 X I0” 4 atm 

Constant 

Helium, He 

3.24 X 10** Atm 

Constant 

Methane. C1I 4 

1.5 X 10** atm 

Constant 

Krypton, Kr 

l i t X 10 * atm 

Constant 

Nitrous oxide, NjO 

5 X 10“ T atm 

C.onstant 

Hydrogen. Hi 

3 X 10 ' T atm 

Constant 

Oxone. O* 

^5 x 10” 7 atm 

Very variable 

Carbon monoxide. CO 

1 x 10~ T atm 

Variable 

Xenon, Xe 

8.6 x 10’ * atm 

Constant 

Sulfur dioxide, SOj 

1 X 10 * atm 

Somewhat 

variable 

Ammonia, IlnN 

—5 X 10"* atm 

Variable 

Hydrochloric acid, HCI 

-I0~* alxn 

Variable 

Nitrogen dioxide, NO, 

—10~* atm 

Variable 

Iodine, I, 

-2 x 10 14 atm 

Variable 

Chloride, Cl 

-*-l gg/m* 

Very variable 

Sulfate-sulfur, SO4-S 
Ammonia-nitrogen, 

-1 Mg/m 1 

Very variable 

H*N*N 

Nitrate-oitrogen, 

M Mg/m* 

Very variable 

NO r N 

— 1 Mg/m 1 

Very variable 

Sodium, Na 4 

—1 Mg/m* 

Very variable 

Calcium. Ca* 4 

pg/m* 

Very variable 

Magnesium, Mg* 4 

Ml. 5 Mg/m* 

Very variable 

Potassium, K 4 

^0.5 Mt/m* 

Very variable 


up practically the whole mass of the atmosphere 
and are thus mainly responsible for its physi^i 
properties. See Atmosphere. a 

Element circulations. AH elements in the atin„ s 
phere circulate; that is, most of them originate ai 
the earth's surface in certain areas and return to 
the earth’s surface in other areas. A few import^ 
elements are produced in the atmosphere i>v r„ s . 
mic radiation, and these are generally radioactive 
The transport of chemical substances from the 
atmosphere to the earth's surface is brought about 
directly by absorption of gases and gravitational 
fallout of particles, and indirectly by rain and 
snow, which contain dissolved or dispersed suh- 
stances. 


Particulate characteristics. Particles in the H t 
mosphere are commonly present in sixes up to 10 ;j 
in radius. Cloud droplets are not considered parti- 
cles. Particles are important for the optical prop 
rrties of the atmosphere and can be studied to 
some degree by optical methods (see Mf.tkoru- 
LOCK ai. optics). They are usually classified 
nonhygroscopic and hygroscopic. The first group i* 
composed mainly of soil particles originating in 
arid regions, but also included are various plant 
and insect fragments and bacteria. The -oil part' 
cles consist rnainlv of quartz, mica, ralriuir* far 
honate. and feldspars, all quite widespread in tin- 
atmosphere. 

The hygroscopic particles are made up of nt-ih 
soluble compounds like sea salt- and certain com- 
pounds of land origin. Mich a* ammonia. When tin 
relative humidity of air increases above a rerl.ur. 
value, they form small concentrated droplet* 
w'hich. in clouds, are the nuclei around whit h in 
dividual cloud droplets are formed, and are called 
condensation nuclei. .See (joi n ciiy-mv 

Hygroscopic particles are divided into three -!/»■ 
groups on the basis of radius; Aitken mulct 
<0.1 u ; large nude! of 0.1 to J.O /# ; and giant mi 
clei, >1.0 p. Only nuclei >0.1 p in radio- .in* n» 
importance in cloud droplet formation under can 
ditions existing in nature. Hygroscopic parti* le- 
>1.0 p are of importance for initiating pret ipit;i 
lion in clouds. 

Sea salts In the atmosphere. Sea -alt-, wbd 

constitute the main mass of hygroscopic parti* 1^ 
are formed primarily by bursting bubble* at th* 
.sea surface, and contain principally sodium ■ ,|l ‘ 
chloride. These chemicals are carried by the 
over continents where they are precipitated and a 
turned to the sea by Titers. An appreciable pari 
the salts in river waU$r is accounted for b\ 1 
processes. See Hyv>roi.4*;y ; Sea water. 

In strongly arid regions, the rivers discharge 
mostly into interior basins, and there is there <»n ^ 
steady accumulation i of atmospherically** arn ^ 
sea salts. Over long periods of time, thi- P rm ' s 
produces saline soils. , 

Nitrogen compounds. Those of nutritional s ^ 
for plants are ammonia, nitrates, and or # ,,n,< 
trogen which are supplied from the atiro»*P 11 ' 
the land vegetation. Some of the combined nn 
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Porticle size* ond their importance for various fields of 
meteorology. (After C. E. Jonge, m H. E Lancisberg and 
J. Van Mieghem, eds., Advances in Geophysics, vol 4 
Academic Press, 1956) 

m plant** i* r«*h\tM*d t«i tin- aimi.**phrrr am . 
nmnia and niln»u> oxide. and miiih- i«. • rr i«-r i i«> 
jjn* itt iMih a** nitrate***. Nitton** <i\i<|r h*i** no nntii 
tioiial valiir for plant**. 

Carbon dioxide. Carbon dioxide. (.<) . diare* 
with watei vapor the prnpertv of absorbing inhaierf 
i.idnitiun. and ‘ f < pr«'*« a n« •• in the atiim*.phcte al 
Ini** tin* earth*- temperature. I hr piodmiion ni 
m. Ii\ combu-tioii of fo*.Ki| fuel*. during tin* ia*l 
’id vciic- aniHiml* to more than Ur: of the atmo*- 
l*l»rrii CO., \erording to e«nHul estimate- «d fu- 
tilft* rate* of rnmlm*ll«>n of tlie**e fm , U. the propm 
! i*iii n< CO Mill in* ira**** Mib-tantialh 
Carbon dioxide i** a— *imilaled hv all green 
plant **. which are tompo-wed main lx of 1 at bon and 
wafer. The vearlv a--imil.it inn on land -urfacr** 
w mild « on-ume tin* entire almu*phi r u • ontent in a 
tew deiude* if it were m»| rc-tnred I »\ tin* ib*i as 
*rgani< rnalt«*r. The urcan* t oiiMitute a reservoir 
"•ntnintng about 60 time** more CO than the at- 
m«»*.phere. though onlv one-tenth of tin* a«t< a* a 
fi'iffer for atmo-phr, ir O).. file -peed at whi*h 
f> *|n ililiriuni i** attaint'd depend-. however. upon a 
do* tate of overturning of *ra water. iv hit'll 1 * e-ti- 
uiatcd tn retpiire a period of the order of loot) 
'Mis. 

Oxone. Thi«* gu** is foimed above the tropopau<e 

the action of Mjnlight in ihe o/ont* laver. O/one 

brought down into the troposphere hv turhulent 
diffusion. e^peeiallv noticeable on a larp* •M'ab* in 
oinnrvtion with the passage of cvclones in niiddi. 
latitudes. In the atmosphere ozone takes part in a 
number of reaction* which ultimatelv ronMini? it 
1 ’’inpleielv. Coral I v o/one seems to form at low al* 
litude?, i n district* with intense atmospheric p« , H*i- 
f,, »n hre A TM OS I* It Mil r fOLMTlON l. 

Isotopic and radioactive tracer*. All elements 

j n die atmosphere consist »f several isotopes. A* 
Nrtopr* differ somewhat in thrir physical and 
‘heniical properties, the circulation of elements 
*« fractionation* of their isotopes; that is. 
1 p r «tio of two isotopes may differ from place to 
I' * f e in the atmosphere a* w*ell as in other parts of 
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iX/:;;, . 1 .., h.„ 

(: (l w n)il . i } Kan< l hydrogen (H and D). 

alni(.s|i||,. r ,. rad, ' ,a ‘li'e isotopes in the 

arc ki-iiIii-,11. 1 ‘*" >r aiJvan, »l«’ because thev 

I,,, u. ' ' <>rlH. n .|4, for instance. 

(;o | S " °r < ' a l , '"lalinK the rale of exchange 

I Hi ( " l ."' s, * u an< ' ** K ' atmosphere and the 

,i ’’ ,,w r,1 ' r "inp of va water. The heaxirst hv- 

II ttnr 'll * !r ‘ , * nm ' ^hirh is also produced 

d V ‘ ,,|v been used to estimate ground water 
-mimc*. and continental water balances. Olher 
isotope^ arc P-. and S‘‘\ Two of 

1 ! S .* If a . n< ^ J,ave relatixelx short, hut dif- 
hves and are produced mainly in the 
I* intfisphere. Measurements of their ratio can 
therefore gut* 4l good indication of the age of strat- 
osphe r" air panels found in the troposphere. .See 
Kvmc»\( no s,., ( p RC „„ ( Vf) n> (UsMl< R ays. 

In atomic hoinl. experiments. a number of ra- 
‘ ti\e. relatively long-lived isotopes are pro- 
of which sirontiiim-W (Sr‘ m l is best known. 

* ,J par! I\ formed in the stratosphere, their 
iatc oi fallout gives information on the rate of ex- 
< liuuge of air between the stratosphere and the 
troposphere. >#-<* Kvdiomtivk tvii.ori. 

bur further discussion of the origin, evolution, 
and composition of the atmosphere, ser Atmov 
I'HIRF. (.km lit MIST RY Ot. [’k.K. | 

Htblingrttphv: H. E. Landsherg and .1. Van Mie- 
glicm icds.i. ‘itlmncc* in Geophysii s, vol. 4. l*). r >8. 

Atmospheric electricity 

The ele, meal priw essp*. constantlv taking place in 
the hover atmosphere. This activitv is of two kinds, 
the intense local electrification aceompanving 
storms, am 1 the much weaker fair-weather electri- 
cal a« fix it \ » r the entire globe, which is produced 

hv the man electrified storms continuously in 
progre— over the earth. 

The tm.hani*ms hv which storms generate elec- 
tric charge are presently unknown, and the role of 
atmosphere clectricitv in meteorology has not 
been determined. Some scientists believe that elec- 
trical processes ma\ he *>f importance in precipita- 
tion foimatioii and in cloud dvnamics. 

Disturbed-weather phenomena. \lmo«t all pre- 
i-ipilation-producing storms throughout the vear are 
accompanied b\ energetic electrical activilv. The 
most intense of t !■»«<.* are the thunderstorms in 
H *hiih the electrification attains values sufficient to 
,„ lW fu.'r lijihtninp. F.lrrtrical nieaMirrments »how 
that nu.«l otSer <iormi. p*rn though thev do not 
K j>e liphtninp. are aUo <tuite stmnplv electrified. 

Thunderstorms hepin as little fair-weather elnud« 
that usuall' form and disappear without producing 
rain or electrical effects. When the air is suftu iently 
thermal!' unstable, a few of these clouds undergo 
a rapid and dramatic change. Suddenly, for no 
obvious reason, one will begin a very rap.d growth 
increasing in height as fast as 1 km 'mm. Mhcn 

this happens, other significant changes occur Fre- 

quently in -nlv a few minutes strong electric fields 
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and rain appear, and shortly after, if the cloud is 
sufficiently vigorous, lightning appears. 

The usual height of a thunderstorm is about 10 
km; however, they can be as low as 3 km or as high 
as 20 km. A common feature of these storms is 
their strong updrafts and downdrafts which often 
have speeds in excess of 30 m/sec. 

The electric fields are most intense within the 
cloud, where they reach values as high as 3000 
volts/cm. Above the top of the cloud, fields in 
excess of 1000 volts/cm have been observed. On the 
ground beneath the storm, the fields are usually 
much smaller and seldom exceed 100 volts /cm. 
Although the distribution of the electric fields in 
and about the thunderstorm is complex snd vari- 
able, roost storms approximate a vertical dipole 
with positive charge above and negative charge 
below. A few storms appear to have just the re- 
verse polarity. 

The origin and nature of the charged regions 
responsible for the electric fields of thunderstorms 
are not understood. A variety of explanations has 
been proposed, most of which are based on the idea 
that electrification is caused by the falling of 
charged precipitation particles. The charging of 
the precipitation is variously ascribed to processes 
such as selective ion capture, contact electrification, 
freezing electrification, and the breakup of rain- 
drops. According to other suggestions electrifica- 
tion occurs independently of precipitation and is 
brought about by charge transported in updrafts 
and downdrafts. There is no general agreement on 
the mechanism, because no theory offers a satis- 
factory, coherent, and quantitative explanation of 
the observed facts. 

The electric fields of thunderstorms cause .three 
currents to flow, each of a few amperes: lightning, 
point discharge from the ground beneath, and con- 
duction in the surrounding air. Because the exter- 
nal field and conductivity are greatest over the top 
of the cloud, most of the conduction current flows 
to the ionosphere, the upper, highly conductive 
layer of the atmosphere. 

Fair-weather Md. Fair-weather measurements, 
irrespective of place and time, show the invariable 
presence of a weak negative electric field caused 
by the estimated several thousand electrified storms 
continually in progress. Together these storms 
cause a 2000-amp current from the earth to the 
ionosphere that raises the ionosphere to a positive 
potential of about 400,000 volts with respect to the 
earth. This potential difference is sufficient to cause 
a return flow of positive charge to the earth by 
conduction through the intervening lower atmos- 
phere equal and opposite to the thunderstorm 
supply current. The fair-weather field is simply the 
voltage drop produced by the flow of this current 
through the atmosphere. Because the electrical re- 
sistance of the atmosphere decreases with altitude, 
the field is greatest near the earth's surface and 
gradually decreases with altitude until it vanishes 
at the ionosphere. 


The fair-weather field at the earth's surface h 
observed to fluctuate somewhat with space and tj nu . 
largely as a result of local variations in atmospheric 
conductivity. However, in undisturbed location** f ar 
at sea or over the polar regions, the field i* 
served to have a diurnal cycle independent of p 0 „,. 
tion or local time and quite similar to the diurnal 
variation of thunderstorm activity over the 
No importance is presently attached to fair 
weather atmospheric electricity except that «<■ 
cording to some theories it is responsible for thr 
initiation of the thunderstorm electrification p r0( ._ 
ess. See Cloud physics; Lightning; Sfkrhs; 
Storm detection; Thunder; Thunderstorm. 

|r.\ ! 

Bibliography : J. A. Chalmers, Atmospheric Elet 
tricity % 1957; B. F. J. Schonlund. Atmospheric 
Electricity , 2d ed., 1953; L. G. Smith (ed.». Recent 
Adtxmces in Atmospheric Electricity \ Proceeding 
of the Second Conference on Atmospheric F.ler- 
tricity, 1958. 

Atmospheric evaporation 

The process by which molecules of terrestrial 
water move from the liquid to the vapor state. W hen 
molecules move from the solid state to the \upnr 
phase, the process in called sublimation. The water 
vapor in the atmosphere is the source of cloud-*, 
fog, rain, snow, hail, sleet, dew. and frost. The larg- 
eat single source of water va|M>r is the ocean-, 
which cover the major part of the globe. I akr*. 
rivers, ponds, and ice and snow fields also contrib- 
ute substantial amounts of water vapor, although 
these sources are minor in comparison with nate? 
vapor from the weans. Water is evaporated 
from soil and from the leaves of plants, both di 
rectly (intercepted precipitation I and by the pro* 
ess of transpiration. Evaporation from free. <u 
open, water surfaces is affected bv a number of 
factors and is a complex process difficult to analwe 
and difficult to correlate with measurements of in 
dividual factors that affect its amount. 

Rale and heat factors. In the process of col- 
oration, the rate at which water molecules nuo 
leave the body of water and enter the adjacent 
atmosphere depends upon the heat supply «d die 
water and the condition of the air. Immediateh 
overlying the water surface is a thin layer of vapor 
a few inches thick. If this layer is saturated and <.t 
the same temperature a* the immediately under- 
lying water and undisturbed by turbulent current, 
equilibrium prevails. Thp number of water mole- 
cules leaving the water is Exactly equal to the num- 
ber returning to it from life layer. If the vapor pres- 
sure of the water in the $ir is equal to that of tne 
underlying water, there ig no net evaporation from 
the water surface. However, if the air is not sniu 
rated or if it is removed by wind or turbulence am 
if placed by unsaturaled air the vapor pressure o 
the water is greater than that of the adjacent ai 
and evaporation takes place. The rate of evep®” 
tion is regulated by the heat energy of the wa 



»ince the escape of energy cause* cooling, (he 
>Ul m would eventually come to a halt when the 
*' r0C * ached the saturation point and as many mole- 
w0 uld he returned to the water as leave it. 
Sr ^urce of heal energy generally is the sun. hut 
W u. gunnlemented locally by heat from the in- 
“ • ,.{ the earth, bodies of magma that reach the 

* arth’s surface, or even the heat of chemical rear, 

,io «toihod* of meowiromont. The process of 

.ration in the hroad sense is quite simple, 
evapora .fleeted by so manv factors that its 

^ ,,W *uremenl is extremely difhct.lt. Several metiers 
-"--' used to determine the rate of evapora- 
h* ve ( m lakes and reservoirs, hut each of litcse 
i <m i s defi« ieneies. They are < 1 . the storage equa- 

h .21 measurement from evaporatmn pans 
'man evaporation formula. t4i wind veloc.ly and 

gradients, and lS» measurement of m-o- 

latioii 
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within a body of water. A balance must exist in 
any given body of water between (1) insolation, 

(5 l hf»at trnnafprrpd frnm thfi water ftUffaCC by W- 


i j;;; w(r r 

ti«>n 

p + / ± V - £ + 0 ± A.S 


any given body of water between (1) msoiaiJ 
( 2 > heat transferred from the water surface by ra- 
dial i«>n, conduction, or convection, (3) beat energy 
acquired or lost in raising or lowering the tempera- 
ture of the water, and (4) heat acquired or dissi- 
pated by evaporation and condensation. At present, 
means are not available for determining several of 
these factors on a wide scale and the method is of 
limited usefulness. 

Complexities of land evaporation. Water is also 

evaporated from land surfaces. Evaporation begins 
when rain falls on a heated surface. The water that 
in not evaporated immediately and partially pene- 
trHi***- the soil may be drawn back toward the 
luce. In areas where the ground water is elos. 
the airfare, evaporation also occurs from water that 
iv drawn upward by capillarity. This commonly oc- 
curs in swampy or waterlogged areas. It promotes 
the accumulation of salts in the soil and a conse 
quent reduction in fertility. It becomes a serious 
problem ir. the arid irrigated areas throughout the 
world. 


..LBi.thf precipitation. / is the airfare in- 

l‘Me net underground inflow «,r outflow, f. 
tlow. i .i surface outflow and A> the 

,hr nUpUr4 !iorage The rhief disadvantage “I tin- 
" W Z A l that oniv the change in borage m.v he 

ll '' Mkf 

M fasutmrnl fri Mirpment . , a n lie made in 

»•"> *h'< h “r'^ ^rgtion from Mich pan- multi- 
*mall p«»' ,hr f '“ p t ,) 1P ^ire of the re-- 

‘'riake' would seem to l.e a rel.alde method 

during r : 

•» * no * ,hr 
7 ^^ toss: 

•nrmula* have * « C 

* * l * w ’ " hl T |h T4tf of evaporation m 

•P. - P.) E !* h * va'nnr pre-'ure »l the 

nehes per day. P- '* lh 1 surface, p, the 

aver of air next to the wa»« f; , f a rofl . 
apor pressure in the air a ' ’ lljt . pressure, 

irient that is dependent on v»ri- 

vind velocity, and other 
.We* are difficult to appraise ^ 

Wind and kunudUy 

• based on the assumption tn ^ m0 vc to- 

radient exist* in die eir. ***** ™ P ure content and 
'»td the ion* of lower water • . r |, r *ted 

2 1 that the rate of vapor roovem ,he 

v the intensity of it i» "*’» rf , r ' 

irtors may be measured '®®*‘ . M j*. apph- 
«» that these same meaauretnen 0 ,h«r 

«We wr large areas of water. • frTnrv 
««h«d». this one may |» e .* ub, 5' fi< , h „ e ihod is 
Correlation with mi oUtUon* urn enfr gv 

>«ed on the idea of conservation of heat 


•rid. . . 

Interception of precipitation by vegetation takes 
a heavy toll during the early stages of rainfall and 
much of the water does not reach the ground un- 
til the surface storage capacity of the leaves and 
stems of trees, grasses and farm crops. hu.ldmgs 
pavements, and so on. is saturated. Th.s » « * 
interception storage. The moisture » evaporated 
from these surfaces at a rate that 
the vapor pressure. In comparison with other e p 
oration losses those due to intercepUon are re a 
lively small. See EvxroTB*NSritt*Tiox. 

lUblioeraphy: K. K. Lmdsley, Jr., M. A. Kohler, 
and J- L H. Paulhus, Hydrology for Engineers, 

1958. 


000 ft’ of dry air. in cubic feet, is 


nitrogen 780,840 
oxygen 209,460 
argon 9,540 
carbon dioxide 300 
neon 18.18 
helium 5.24 


1.14 krypton 
0.086 xenon 
1 hydrocarbons 

0.5 hydrogen 
0.02 acetylene 


The carbon ^ 

acetylene content of a.r .- 

upon location. JUwvered before 1800 by 

Although °*>'« e "^a, not until about 1900 that 
Joseph Priestley* * «• dustria j purposes /The 
was used for any major ^ priin artly by 
dclsv of about one cen > 0 me thod for the 

economic production J>n othw atmospheric 

Todav. oxvgen, •* 
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gases, is produced commercially by liquefaction. 
„SYc LltfUKF ACTION Of CASKS. 

In early experiments oxygen was produced hv 
chemical reaction. This method is still used in lab- 
oratory preparation of oxygen today, but is too ex- 
pensive for industrial purposes. In 1805. Carl von 
Linde perfected a process for producing oxvgen 
from the air for industrial purposes. This process, 
with subsequent modifications and improvements, is 
the process in use today for the separation of the 
gases of the atmosphere. The process as developed 
by Unde involves three primar> elements: the cool- 
ing of air until it luvomes liquid : the thorough pur- 
ification of the air: and the separation of various 
gases bv making use of the difference in boiling 
points. This entire process can best be explained 
b\ following the air through the liquefaction-recti- 
fication process on the Accompanying diagram. 

Compression and cooling. Air enters the 5 % stem 
through the intake and is filtered to remove the 
dust. It then enters the first of four stages of com- 
pression and heat exchange. Compressor* raise the 
pressure to 1500 pounds per square inch ( p*i t in 
four stage*. In between the compression *lages, 
water-cooled intercooler* are used to keep the tem- 
perature down to about 70" F. Condensed water i* 
removed from the air at each of the intercooler*. 

From the fourth compression stage, the air flows 
through an aftercooler and then to a lousier, where 
the pressure is raised to about 2000 psi with a re- 
sultant increase in temperature. Next, the air flows 
through a second aftereooler where it i* cooled to 
about 70'T. In the next step the air i- passed 
through the precooler. The air then enter* the 
drier- forecooler which is used to cool the air still 
further and to remove an\ water that rnav Uv left 
in the air. Refrigeration is supplied to the drier- 
forecooler by an amrnoniu svs’tem. The pressure 
of the air leaving the drier- forecooler remain* at 


2000 psi, but the temperature bus been reduced t«, 
-40° F. 

Approximately one-half of the air leaving the 
drier- forecooler pusses through the countercurrent 
cooler, where it is cooled by waste nitrogen whii h 
come* from the top of the rectification column. The 
air leaves the countercurrent cinder still ut 2000 
psi. but with the temperature now reduced to 
• 250° F. This air then passes through an ex pan. 
sion valve, where the pressure is reduced to % 
and the temperature is reduced to — 27.V'F. This 
portion of the air enter- the scrubber purtiullv liq. 
defied and bubbles through the liquid. ««Tiihl>in|; 
out frozen carbon dioxide ( T.( h. | and hvdna ar 
buns. Purified vapor rises to the top of the -cnibhei 
and passe* from there to the lower column. 

Expansion process. The other portion of the ;i)r 

from the drier pas-es to the expansion engine, 
where, through expansion, it provides motive power 
to the b«vo*ter. After doing work in the expansion 
engine, the air leaves at 90 p-i am) 255 F. wr\ 
rio-e to the point of liqiief;j< lion. I hi- air a!-,, ra- 
ters the scrubber. 

Rectifying columns. The liquid portion „f the 

air. which « ontains (!(). and hvdrorurhntis. is «lr aw n 
off through the renter pipe in the scrubber, p.i—rs 
through a filter which remove- the solid (O t and 
hvdrocarlHins. and flows to the upper column To 
separate further the individual gases i M jit 
thev have been liquefied, use is made of an inter 
estirig protest known as rc< tifu ation Hr. tifu ati<m 
usuallv involves comporients wliieli differ in |mil 
ing point, that i*. which have different vapor prc^ 
sure characteristics, and wh u h normallv lorm .1 ho- 
mogeneous solution. These tondiiinus are satisfied 
by the components of air. The individual ga-es lu\» 
their own characteristic vapor pressure nil ve* witli 
nitrogen having u boiling point (at atnio'-plirrn 
pressure* of ,120 F. and oxvgen a boding pon*? 


. ^ * jfimov# dust 

r mfofco ^5 / 

y r e; 


1st stag* 
CO^pTMUOn 



- w r— 

9 trap* romov* wofor from fho art • romovo wot or 
• CO t owd hydtocorbom *N, •At-O t 


Diogrom of oir-soparotion proem. 



j _297°K- When air vapor bubbles through liquid 
air. the nitrogen tends to vaporize while the oxvgen 
^ nia „ih a liquid. Wln-n the nitrogen vapori/i* and 
ih|i „ through tin* liquid, the vapoi will he, omc 
\lirr in nitrogen while the liquid will become 
riclHT in oxvgen fthe component having the higher 
boiling point I . Argon, having an intermediate boil 
ng point of -:t02 F, tends to join with either the 
liquid or the vapor, depending on the particular 
Miinl i» tl* 4 * enlinnH un d«*r considcialb.il. 

^ ^ typicul rectifying rohimn used for this separa- 
tion is shown srhemati«*all> in the diagram. It con 
. ^ 0 f a vertical copper cvlindei whieh is fitted 
\[\\ a number of horizontal platen called haw 
arforated with manv small holes about O K irirn in 
liiiineter. These holes are suHicicnllv large in rn 
,ll|e the vapor to pass through in an upward dim • 
r i,i the pressure of the sapor from below e- 
.nflieient to present the liquid from es< aping down- 
“ j ( | ir .Hifih the |>orf*ii.«linn*. The H»w- 

* ( |„. surface ol tin- Irav*. mill the xapur run-ip*- 

irotii I lif hole* HU'l IxiM'l**" Ml' lilt «»"ph liquid. The 
li.'iuid fall* l“ each I*’"" •'«' 'hrouph 

, lirp*- openinp located at allmi.it*- end- of the 
|„ u.e>. tli*‘ depth "f '!'«• ''quid >»'ff 

' trav i» maintained at about \ in. In pen- 

,nl tin- l*i|» ->l •!»•* column ha* the lowc-i t»-m- 
firralnti* and pre-urc »"d i* it* I'M in mlr**™. 

»ln n-a- the bottom of tlir column ha* tin- hiphe-t 

tun’ ami re ami i- n.li-t m oxxp.-n 

\. malls, two separate rectification • opiums <up- 
, im ||..wc«l are "“fJ T 1 'c*c a "* •"t* 1 * “ k a " in 
v, ith llm rebuild and main condi-n-.r unit 
p|j. ,-,| |,rtvkt-*-n them. Both . nlumn- Inn. lion m the 
-uiir maimer. Nee Dt^fit i irniN. 

Condenser. The priman puipo*** 

b to provide li*|u.d retb.x fot the »i|'l«-r «»»• 
unn. whore lit*’ itllinialf -eparation of product oxn 
and xa-l*- mtroprn i- accomplished I he air 
-m.-rinp at tin* bottom of dir lower column i- roe 

Wx pan-dne up tbtutigh til binin Urn It t- 

. midon-ed liv the main e..ndrn*er and -rparalrtl l»v 
'i.lumn action into lw., li.p.id Mr.-amv d'.-H tittr*, 
ten at the top and krttlr li«,uid at ihr bottom of 
the lotw-r column. Nitrogen 'apor i‘ tiandrrrrd 
i" the iiimb-ii-inp xidr "I the main «on *n rr t 
! irnoh heal fur va,mri/inp liiptid in the .ottotn <• 
if.<- upper column. A portion of the >hclf nitrogen 
and part of the krlllr li'ptid ««f' dire, tlx 1» the 
upper rohunn f after each stream passe* t tr<»ug 
an -MwnMnn xalvr to mim e it «<» 'be proper t*m- 
peraturr- and prfxxnrrl and join* tbc « rub >er »'l 
; u*t * no dding down the upper column. Another p«»r 
'mn of thr krttlr liquid gorx through an expansion 
•dvr to thr jacket iif thr argon cuiidcn-rr where 
it a< t. a. a rmilant. 

Oxygen. Thr function of the main condenser is 
t" l'r.wliicr liquid nitrogen and gaxemi. oxxgen <on 
titmoiislv. Thin i« accomplished bv condensing tlir 

ni '"'«fn vajMir nting from the lower column. ■>" 
-Me. and boiling off the liquid otvgen «n the 
"'brr Mt. To rondenae liquid nitrogen agamxt ' 'e 
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iMuhn fixvgen, there must be a temperature differ- 
1111 n,,t nr, ly of the required value, hut also in 
In* icqiii|-,.(j direction. I'roper tenqierature differ* 
me iw obtained when the pressure on the con- 
diMising hiitnigen) side of the main condenser is 
biglu-i than llial »»n the boiling (oxsgent side. The 
hailing of liquid in the main condenser leaves the 
liquid progressively richer in oxygen, and the re- 
'“buig liquid oxvgen product is continiiouslv 
drawn off Iron, i In* lower portion of the condenser. 

I he puritx <■! the product oxvgen is W.6 r -r. The* 
m.iutr part nl the remaining 0.4'v is argon. Gasc- 
on- owgen mav a)sf> be withdrawn during ibis 
[irot e«* When this i* done, a smaller amount <»f 
liquid uwgen will be available, and the refrigera- 
tion in the gaseous oxvgen is recovered by heating 
the oxvgen to ambient temperature by means of in- 
coming air in a beat exchanger. 

Nitrogen. The high-purity nitrogen liquid is 
drawn off at a trap between the main condenser and 
the lower column. This flow i* divided, with part 
pacing through an expansion valve into the top of 
the upper . oUinin as reflux liquid, and the mnain- 
dei being f ontinuouslv drawn off as 99.99 pure 
prodm t nitrogen When lirpiid nitrogen is with- 
drawn a- a prodm t. there will be a loss in oxvgen 
prodm tion pra< th all\ equal to the rate of nitrogen 
withdrawal 

The purpose of the upper column, whieh contains 
the oxvgen vapor rising from the main condenser 
and the high pimtv -helf nitrogen liquid, is to 
bring about the ultimate separation of the air into 
high-put it \ o\vgen. w aste nitrogen, and crude ar- 

Argon. Argon tends to concentrate in the middle 
of tin* upper column. I he first step in the refining 
of aignn i- * If aw off the gas from the upper col- 
umn "at a point vnich will yield the most argon. 
This argon-heaiing gas is mostlv oxvgen with a 

small amount of nitrogen. 

The gas irom the upper column goes to the bot- 
tom of the crude-argon column. The primarv pur- 
pose of the crude-argon column is to reduce t ic 
amount of oxxfien in the mixture. A« the pas rise, 
in the arpon eohtmn and it- temperatures reduced, 
an oxvpen-rieh liquid .•.uuien-e-. leax inp the p 
,„rrrM>ondinpb tidier in arpon. The *‘''P en n | h 
li.itiid wh’eh a b*. contain* some arpon. make* its 
J,X to the bottom <! the argon column and •' 
pumped hack into tt.. upper column of the mam 

"'\1exnwhile the arpon-rich pas rises throuph the 

i ^ onter tithe to the top of «he arpon condenser 
larger tenter , n i , lbiuid. The r«»n- 

where it i- condensed o . h small 

denied arpon-r.ch bqiud fa 1 «h » & 


ter tune to mt - • . 

conden-er tube in ne<1 to ,he crude ar- 

ileti^e: Irom >'ere. > This ,. v ,.linp of ar- 
pon column as a purifie* the 

*" n T " mSVi" draw off ffim the bottom of the 
argon until it r , |iW . Mlin arpon prodm t 

condenser as ouut 

( \ ;k; ox>g^nG 
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From the condenser, crude argon goes through a 
heat exchanger (not shown), where it is warmed to 
ambient temperature, mixed with hydrogen, heated, 
and passed over a combustion catalyst to burn out 
the oxygen. Finally, it is dried and returned 
through heat exchangers to a second argon rectifi- 
cation column (not shown on the diagram). 

In the second argon column, the extra hydrogen 
is removed along with the remaining nitrogen, and 
the purified argon is liquefied. The purity of this 
product argon is 99.995 ^ . 

The commercial production of the other inert 
gases, with the exception of helium, follows the 
same general pattern as that of argon. Naturully, 
since neon, krypton, and xenon occur with decreas- 
ing concentration, the refining process becomes 
more complex; however, they are produced by air 
liquefaction in commercial quantities. See Atmos- 
pheric chemistry; Cryogenics; Krypton; Neon; 
Nitrogen: Oxygen; Xenon. |h.c.k.] 

Bibliography : M, M. Davies. Physical Principles 
of Gas Liquefaction ami Low Temperature Rectifi- 
ration. 1949: H. F*. Kirk and D. F. Othmer ted*.), 
Encyclopedia of Chemical Technology, vol. 9. 
1952; J. H. Perry, Chemical Engineers' Handbook, 
3d ed.. 1950; C. S. Robinson and F. R. Gilliland, 
Elements of Fractional Distillation , 4th ed.. 1950. 

Atmospheric high 

A system in the atmosphere whose air pressure i* 
relatively higher than that at the same level in the 
surroundings, characterized near the surface bv 
outwardly spiraling winds directed clockwise in 
the Northern Hemisphere and counterclockwise in 


the Southern Hemisphere. Such a system i* 
termed anticyclone or high. The mean radius of q, 
typical high is generally within the range of 
350 2000 km, while its horizontal isobars an* Mor . 
inally oval shaped. See Isohar ( meteorology «. |„ 
the central region of highs the weather is um U IU 
fair with relatively low humidity, because of a s i„ w 
subsidence of the air. However, scattered cloud* ,,| 
the fair-weather cumulus type are common wit( lln 
such systems during the summer, and someijm,.., 
summer showers develop following prolonged |„. r , 
ods of high temperature, provided fresh hiippli,^ ,,j 
moisture have been transported into the rep,,,, 
aloft bv currents from more humid area*. 

At the peripheral segments of the tvpical hi*,}, 
where air masses from relatively cool regjnn* 
brought contiguous to air masses from relativrK 
warmer, more nu>ist regions, it is common to f mc { 
cold or warm fronts. Along the front* the told (IM 
tends to spread under the warm a** a wedge and thr 
warm air tend* to ascend along the slope. The**- 
activities give ri*e to certain well-known vsi.n},,., 
phenomena, such a* cloud formations, precipita- 
tion. temperature change*, and other* St-1 \ | H 
w%»; Front. 

The wind regime* of both high* and theii 

terpart lows owe their origin t«* the mutual intetai 
tion of forces t sec A t wn*Pi«t Kir row. s t< 

Air pri.ssi he; Windi. Norrnallv the pre**uie u, 
the* central area of the |\ picul high i* about IulNi 
1030 millibar* <mh» at sea level; hut in e\tm»i* 
ease* it ma> attain to 1050 |()H0 mb a- a rnavmi.ui 1 
foliowing prolonged noitutnul radiation of the -<:i 
face during winter in An tic area*. 



Fig. 1. Moan isobars of wo lovol On millibars), month froquoncy of »b# winds •• porcontago of »h® °^ rv ° 
of January. Arrows indicate diraefions of tho most tions. (from F. A. Sorry, Jr., £. Botlay , ond 

froqoa n»Iy obsorvod surfoco winds. Barbs mark fho Boon . Handbook of Motoorology, McGrow-Ht , 




tain regions where 
(Is nt the older o{ a 
features, rei uriing 
•> created over rela- 
i h(‘come migratory 
in theii passage to- 
:egion-. 

may ^ roughly clawed under three tv pc; 
olur* J*i warm, W; and mixed. \1. Tvpr 1‘ i- 

Iharacton/fd '*> * r, '* u,iv, ‘ lv ir<M">‘l>lirre. «— 

' -,-i a H > in the lower portion: amt it- lowei -tiato 
r>Wrf i* relatively warm. It- tropopun-e i- rela- 
taeh low (about fl H kmt and warm lalw.iit .*,0 
..ftS'H'l. '!*> I*** W ha*, relatively warm tropo- 
w |ih:h mav M.imlimc- have a ihin -mfa.e 
iner of emit air; Iml it- lower Mralo-pherc i- lei 
cold and l»nh. the tr..|«.|..m-c I- «i|«tjiuic 
uIm.uI -hS I" w * “•“* h*’*K»*» ^ )' kin. 
r - M has a deep surface laver of odd air a- in 
J\ and tropopan-e condition- -imilai to th»-e 
'd t' pi* W. .See A rMOM’tltHt.. 

\l! hi^h- riM]tiirr (or tlieii development the .«• 
ml , of horizontal convenience over «hc legion 
(.it mat ion f«-r a -tiilal.lc period, with re-nlt-nt 
r , i-c in ma— "f Miperincnmhent air and in total 

iul enernv "f hiiim- -I alino-plicre 

„-|.iiiviMnlli« ‘orronndinp-. 

l*olar-tvpe antiiv.lm.e- onpiiate a- a r.-i.lt » 
I„.s of heal hv the -mlace d limit! thermal 

radiation out «» »nt^rw«U »l 

iienerallv clear weather when the -on i- not -Inn 
mK or i- vetv low ill the -kv. 1 he-e condition- e- 
mlH favoraldv over the polar ne and -now field- 
,| (I , int the lonti winter night. »> •»« « hod 
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lt '" °f wuter having surface temperatures relatively 
lovvei than those «>n neighboring land masses, as is 
e^prciailv true during the summer. Under such con- 
ditions the air in the layer immediately above the 
‘(‘s heat to the underlying surface. This 


— 

i- attended hy vertieal shrinking of the layer, de- 
pres<*io?i of the local i«obaric surfaces aloft, and 
linn 'pirating inflow of air from the surroundings 
at ihevf upper levels toward the depressed area, 
whn h lead' to an increase of the surface air pres- 
swie. 

Warm tvpe until vclones originate hy a rather 
mote i ornpley chain of events, including dynamic 
■ aii'Cs. These causes are effective in cases of pro- 
longed surface healing of the air on a continental 
land ma«*s during the summer, especially when the 
prevailing westerly winds of middle latitudes are 
weakened or -itch zonal circulation breaks down, 
blinking action then favors horizontal conver- 
gence. and heme development of increased surface 
pre-sure. The Coriolis acceleration, which acts to 
deficit moving ail to the right in the Noithern 
llemispi , *»re and to the left in the Southern, serves 
um lei i ertain conditions as a dynamic influence 
tending to produce horizontal convergence and 
heme development of high pressure. One example 
of this efleit occurs in areas between parallel cur- 
rent' where the \orti< itv i* anticyclonic. as between 
the prevailing westerly winds of middle latitudes 
and the easterlies of low latitudes. 

Vnothei important example is found in the case 
of a moving bodv of air which retains its momen- 
Him while l-fii'H Huny into a region where ihe wind 
ha- a lower velocity liy virtue of its lieinj: under the 
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JN p g*erJ, Handbook of Meteorology, 

. c Qoliay, ond N. K* Beer> ' 

F '«. J. Mean itobort at t*a kmt miUiborv'. mont ^ ^ ^ IW5' 
o' July. Barb, mark th. fraqwnry * *• 

Percentage of tho ob»*rvcitlom. r. # 
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influence of a relatively weak horizontal pressure 
gradient. The body of air will lie deflected to the 
right in the Northern Hemisphere and to the left in 
the Southern, thus causing the atmosphere to pile 
up. yielding horizontal convergence and therefore 
a resultant increase of barometric pressure at the 
surface. 

Bibliography : T. Malone led. K Compendium of 
Meteorology. 1951. 

Atmospheric low 

A system in the atmosphere whose air pressure is 
relatively lower than that at the same level in the 
surroundings, also termed cyclone or low. I.ows 
are characterized near the surface hv inwardly 
spiraling winds, directed counterclockwise in the 
Northern Hemisphere and clockwise in the South- 
ern Hemisphere. Horizontal isobars at the surface 
near the centers of the lows are roughly circular or 
elliptical. See Air prkvm’re: Atmospheric iiicii; 
Isobar < meteorology 1 . 

The radius of the tvpical low i* generally within 
the range of about 200 2000 km. A low u*unl)v i* 
attended hv inclement weather, with widespread 
cloudiness, and by general precipitation, owing to 
a slow ascending motion of the air within the 
storm resulting from low- level horizontal mass con- 
vergence. Air masses of different temperature, 
yielding cold and warm fronts, together with a 
warm sector, are often present in extratropical cy- 
clones. 

Air mass and front associations. Within such 

systems a predominant part is plaved hv the polar 
front. This is a sloping boundary laver which often 
extends from the surface to the upper part of the 
troposphere, with relatively cold and warm bodies 
of air on the two sides of the laver. Motions and 
configurations of this front play major role* in the 
formation, growth, and decay of lows in extratropi- 
cal regions. Winds tend to concentrate with 
strongest force in the polar-front zone. 

Encroachment of one front relative to another 
tends to force lifting and hence adiabatic cooling 
of the intervening air masses, which are generallv 
w'armer and more moist than those which have re 
cently roine from cold source regions. Latent heat 
of condensation, released a? a result of formation 
of clouds and precipitation due to adiabatic cool- 
ing. provides an important contribution to the en- 
ergy of cyclones of all types, but most significantly 
in the case of the tropical cyclone. See Air mash; 
Front. 

Tropical lows. The term tropical cyclone is used 
in reference to an intense atmospheric low in the 
form of a vortex which originates in the subtropical 
or tropical oceanic areas and develop* strong 
winds. Severe storm* of this type which yield wind 
«peed« of 75 mph or more are railed hurricanes in 
the Atlantic area and typhoon* in the Pacific area. 
They usually have a central region, termed eye of 
the Atorm. where relatively ealm condition* prevail. 
The lowe*t pressure ever recorded in »uch a storm 
wa* about 887 millibars (mb). See Hcbrkane. 


Motion and surface winds. Low* are genera^ 
classed as migratory or semipermanent, the form,. r 
moving with a speed of the order of 25 mph on t|„. 
average, while the latter are more or less slut inn. 
ary. The motions are determined by many fact.uv 
including velocity of upper air currents, hj, tj, M , 
convergence or divergence, wavelength of the „p. 
per- level sinusoidal isobars in relation to the covin,, 
of the latitude, and so on. 

The wind regime of lows stems from the interu<. 
lion of a set of hori/.ontul force com laments: pre,. 
sure gradient, centrifugal, Coriolis deflective, hi, 
tion. and accelerative or inertial. 

Generation and dynamics. l ows usually re*uii 
from atmospheric activities which cause a m-t hnri 
zontal mass divergence in art extensive vertii ,ii 
column of air and thus produce over a region of th# 
earth's surface a diminution in mass of the *uper- 
incumbent atmosphere. Consequences fit this tic 
crease are reduction* in the air pressure and in tlu 
potential energv pertaining to the lower portion* -.i 
columns of the atmosphere relative to those of tl» ■ 
environment. The pressure at sea level in the i m- 
tral areas of extratropical cm lone* rmrmaliv h.i^ , f 
value of the order of 990 1000 mb. on the avrraur 
The genesis of evrrv cm lone l low 1 is thought n. 
stem from the release of *ome foiin of larger ale 
instahilitv affecting a considerable m.i** «*f the at 
niosphrre. In*tuhililv rnav be i Lis*ihcd a* mtriiM. 
t internal t or dvitarnu The intrin*i< < at»-g«>r\ o 
exemplified bv thermodv naniif in*tabiht\ 
hv a rapid decrease «»f teiri|»eraturc with .iltiti.ih 
and in some case* also bv a relativelv high ruoi- 
ture content in lit*- lower laver* of tin* .nr m.i*- 
which lead* to eonveifivr overturning Tin* «b 
riamif’ categfirv is illustrated bv tin- operation 
differential centrifugal ton e* or Coriolis .uirlm 
linns, depending upon *uch fac tor* .i* ditbuem 
in latitude, elevation, thermal strut tnie. moi-hm 
anrl veliM itv or curvature of the ad).ueut in* *r » 
or-less parallel air current* Thus, differem » - )*• 
tween the potential or internal energies um h.tl 
ing latent heat of water vapor » of neighbour 
btidies of air that come into confliet serve often 
times a* a basic cause which leads to the tr.ui*f“i 
mation of the energv into kineiu form. m.nutes|nl 
bv the intensification of winds, erhlv motions, tin 
bulencc. and the development of storms, \ccnnl 
ingly, the evolution of a cyclone is governed hv th* 
tendency of the unstable situation in the atm“- 
phere to proceed ffiward a condition of s|,ihl» 
equilibrium. 

Among the types of iifRtnbilitv considered nio*t 
important for such development* are fho*c • h"i- 
fieri a* follow*: I I I gravitational, depending up" 11 
the vertical thermodv nafnie structure and w"* 1 
commonly realized whenj free convection ocfiu*- 
(2 1 centrifugal or dynanficitl, depending »I tiin 1,1 
effect* id the rotating earth or Coriolis for*c n 11 
type of instability may tend to yield h«ri/‘ n! ‘ l 
rna*.* divergence between parallel currents. P 1 ' 
vided the vorticity is cyclonic 1 : <3 1 baroclinii • 1 ^ 
pending upon the occurrence of angular deviation 



between Hurfaees of equal density uniJ surfar<?s f 
equal pressure — the greater the angle, the greater 
the baruclinic instability; and (4) Helmholtz de 
pending upon the conservation of angular momen* 
turn acting with the diarnntinuity i n horizontal 
wind velocity on two sides of a front. The | asl type 
tends to cause the formation of a wave disturbance 
in the atmosphere, thereby producing wavelike 
corrugations in the frontal surface. 

Fundamental advances have been made bv 
J, Bjerknes and others regarding the theory of the 
frontal wave, which involves the interaction of cold 
and warm air masses with fronts between them. 
These contribute to the formation of a low-level n . 
clonic vortex having closed isobar*, this system be- 
ing attended bv an upper wave aloft having open, 
sinusoidal isobars in horizontal planes, yielding a 
pressure trough at altitudes well above the friction 
layer (about 0.5 1 km thick I. 

Deepening of the surface center of a low takps 
place only if upper-air divergence (usually at pres- 
4, ires less than 600 mb J overcompensates the low- 
level convergence which is so marked in the fric- 
tion layer id the low-level vortex. 

IV occurrence of a tet *tream at altitude* of the* 
order of 8 13 km often pJav* an important mb* in 
the genesis. Jcv« ioprnent. and motion of cvrlone*. 
Horizontal isotherm* tend to lie relative^ crowded 
arm** the axi* of a jet stieam. It* effect on de- 
velopment i'* especially marked in iaver* where 
•well a stream of great \e|i»« it\ give* ri*e first to a 
confluence and then to a diffluemr of Mrcarnline* 
along its trajectory. that is. rough! v up nr down 
the slope of a surface of mn*fant entropv. See 
Jn *TRf AM ; T HKHMltllYN AMI* I'RtMIl’U*. 

In summary, the ext rat topical evrlone i* gener- 
dllv formed eilher as a result of un*table frontal 
Have anion or unstable growth of an upper wave 
trough. or both. See Am wav**, rrrm sysorTtc. 

Relations with terrain character. The phv«io- 
graphic feature* of the earth, suc h as mountains, 
plateaus, valleys, plain*, ocean*, and lakes, exert a 
profound influence upon the genesis, development, 
movement, and decay of pressure system*, both 
lows and high*. Mention may be made here of 
just a few of the more important effects due to ele- 
cted terrain (that is, mountains and plateaus >. 
These may be classified as follows: (1 1 prrturha- 
him of the flow of air currents both horizontally 
and vertically; (2) lifting action on the air masse* 
w hich is conducive to condensation of water vapor, 
hence formation of cloud*, and possibly precipita- 
*inn. provided the air it sufficient! v moist; (3) heat 
change near the surface which i* more rapid and 
extensive than that found to occur in the free air 
the same altitude above mean aea level; (41 
fictional drag on moving masaes of air greater 
*? encountered over level plains and oceans; 
an * i 5) disturbance of the processes of conver- 
ge which normally occur within the lower por- 
,ons cyclones and of divergence which normally 
^ cur in the lower portions of anticyclones. Con* 
between conditions at the surface over bod* 
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'•fKardr^mir* 1 ’' 1 ' 7 ' la " d masse8 -prineipally as 

Ida, a (undamTn.al hMt ’ and friclion -- 

< v. If „[ r,,le m <:on ne«tion with the life 

' rr/T" d - Pe,,din « U P“" «•** i- 

the air ,^ e « If 'wh^^ 5 '’ “ nd charac,eris >'cs of 
us a rule it, ,j- h,<h " ey ate const 'tuted. Thus, 
,t„. fe „ - addl,,<m “ f hea ‘ and moisture favors 
ten, d ,n,ens,fica 'i»n «f the cyclone sys- 

IMIioeraphy. C . , Godske. T. Bilge™. 
nroluuy "2, H J' d *■ C _ Bun dg»ard, Dynamic Mete- 

led i (,/ ^ I ' Z“ rrcasting ' m7 ' T - Malone 
- Compendium of Meteorology, 1Q51. 

Atmospheric pollution 

All airborne particulate matter, liquid and solid, 
i ,^ JH S *wept water in its several phases — 

T Ti ' 7 * ln 7 a " n,,s l‘ here *« variable amounts. 
P<dl natural contaminants are salt particles 
m t ( o< cans or dust and gases from active vol- 
<anor* : tvpiral artificial contaminants are waste 
; n,ok ^ *** W*' formed by industrial, municipal, 
ai,d automotive combustion processes, 
i <dlen«. * pores, rusts. an d smuts are natural aero- 
“ aupurnted artificially bv man’s land-use prac- 
t !«••**. ■ .Sec AiKfisor.; Smoc.: Smoke. 

Primary meteorological influences. Wind direc- 
tion. *peed. and turbulence influence atmospheric 
pollution. Wind direction determines the area into 
which the pollution i* carried. Dilution of contami- 
na»t> from a source is directly proportional, other 
factor* being constant, to wind speed which also 
determine* the intensity of mechanical turbulence 
produced a* the wind flows over and around sur- 
face objects such a* trees and buildings. 

F.ddy diffusion by wind turbulence i* the primary 
mixing agei.ry in the atmosphere; molecular dif- 
fusion is ne^i jihle in comparison. In addition to 
mechanical ti.:L>ulence there is thermal turbulence 
which occurs in an unstable layer of air. Thermal 
turbulence and associated intense mixing develop 
in an unsaturated layer in which the temperature 
decreases with height at a rate greater than 1°C 
100 m. the drv adiabatic rate of cooling. When the 
temperature decreases at a lower rate, the air is 
stable and turbulence and mixing, now primarily 
mechanical, are less intense. If the temperature in- 
creases with height ---a condition known as an in- 
version -the air is very stable and horizontal tur- 
bulence and mtV'g are still appreciable but 
vertical turbulence and mixing are almost com- 
pletely suppressed. 5ee Atmospheric adiabatic 
hi vnge: Temperature inversion. 

Secondary meteorological influences. Precipi- 
tation, log, and solar radiation exert secondary 
meteorological influences. Falling rain drops may 
collect particles with radii greater than 1 ft or may 
enttain gases and smaller particles in their wakes 
and earn- them to the ground. Cas reactions with 
aerosols also occur; neutralizing cations in fog 
droplets or traces of ammonia. NHa. in the air act 
a, catalvsts to accelerate reaction rates leading to 
rapid oxidation of sulfur dioxide. S0 2 . in fog drop- 
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Fig. 1. Threa stages in the development of a typical 
smoke plume. (After A. $. Scorer, The behavior of 
chimney plumes. Intern. J. Air Pollution, 1:198, 1959) 

lets. For highly polluted city air it is estimated 
that, in the presence of NH,<, the oxidation of the 
SO? present in a fog to ammonium sulfate, 
(NHtlaSO*, is completed in l hour for fog drop- 
lets 10 ft in radius. Photochemical oxidation of 
hydrocarbons in sunlight is frequent. Most hydro- 
carbons do not have appropriate absorption bands 
for a direct photochemical reaction; nitrogen di- 
oxide, NO?, present acts as an oxidation catalyst 
by absorbing solar radiation strongly and subse- 
quently transferring the light energy to the hydro- 
carbon and thereby oxidizing it. 

Point aourcoa of pollution. Typically, stack 
orifices are principal point sources. Stack effluents 
are generally released with a higher speed than 
that of the wind and with a higher temperature 
than that of the ambient air and thus emerge with 
a Jet action. 

The development of a typical smoke plume in 
three stages is illustrated in Fig. 1. The effluent 
emerges as a vertical jet with a virtual point source 
origin ( 1 J below the stack orifice. The plume is 
then bent over by the wind and behaves as if it hud 
come from a virtual point source ( 2 ) at the height 
of the stack orifice but upwind from it. with the 



horizontal component of the effluent velocity j n \\ )v 
bent-over plume equal to the existing wind vHo« . 
it v. In the final stage the jet action no longer j M 
fluenees the plume which moves passively, 
only to diffusion by atmospheric turbulent c. 
height of the highest virtual origin (3) tlnm | M . 
comes the effective stack height. 

Effective stack height. At any time thh , s ,} lf . 
height at which the center line of the effluent j,|„ lnii 
liecomes horizontal. It may he greater or It* s i| un 
the actual stack height. Figure 1 illustrate* a situ;, 
lion in wh it'll the effective stack height i? greutn 

Aerodynamic daunuash. Such action rn,i\ j, ro 
duce an effective stack height which is less q, (ill 
the actual stack height. Reduced pressure in K t , r 
man vortices shed alternately in succession j r ,, m 
opposite sides of the stack near its top rnuv l<>wn 
the center line of the plume below the stack orifn . 
A nozzle or a horizontal circular (date fitted to ilu- 
top of the stack usually eliminates such dowrmadi. 
If a stack is located on or near a large sirurhin-. 
the latter may cause downwash suffuient to loa- 
the plume. A nozzle may be helpful, but a more ti- 
llable remedy i* to make the “lack high enough in 
keep the plume out of the downwash. A inmciurnr 
rule-of-thumb is that the stack should he L >l -j tune, 
the height of the fullest nearbv building, Iml model 
studies in a wind tunnel, illu-trated in lig. 2 .in- 
required for a more pre« ise estimate of -i.uk 
height. 

Plum*' patterns. Flumes are complex and d* 
pend greatly on the patterns of turbulence vs In. h 
are governed hv verthal temperature distribution 
as depicted by Fig. An inversion m.i> he mb an 
tagcoiis at times, as in lofting shown in Fig ’></ 
where the lower stable layer prevents the -tin k 
effluent from reaching the ground 

IHffusitm equations. Various types of diffusion 
equations have been developed. Those of Sr (•!.•- 
ham Sutton, given below, are most widelv n-rd 



Fig. 2. A modal study in a wind funnat thawing fha 
lawaring of a plum# by aarodynamic downwash. (After 
A. H. Sherlock) 
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fig 3 Typical plume patterns for various stability 
conditions, f ai looping in unslable air, bi coning in 
slightly stable oir, 'c! fanning horizontally in very 
stable oir, f ch lofting with very stable air below ond 
unstable air above, f e) fumigation with unstable air 
below and very stable air above. At left, full lines — 
vertical temperature distribution, broken lines — dry 
adiabatic rate of cooling. I : C '100 m. 
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In jin **♦ niative valuer v>f the several coefficients 
'Hid qnumiii^ for an elevated source are given in 
lb' table. The use of substantially different values 
ls frequently necessary. 

Typical values of diffusion coefficients for an elevated 
source over average terrain, yielding hourly average 
concentrations 
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F*9- A. Seporation of largo uniform-sized dull portb 
des by gravitational settling from a gas plume t * 
their deposition on the ground. {After G Nonhebeb »n 
Atmospheric Pollution, Butt or worth, 1957) 

concentration ^ of mas* of contaminant per 
unit volume of air at point a, r, * is given b> 

x - CL«p( : -j:Vc r v-») r ( u ; *»* 

* L** P i C,V~* * 

f (:-♦ A)’ "I , n 
+ <»> 


>liplitl\ staid, ■ 8 0.25 0 10 0.40 

V*r> subl«\ 

inversion t 0.55 0.40 0.05 

Deposition ol aerosols. At the surface, such dep- 
osition di*c i d- primarilv on the size. Large parti* 

< \e* land : • r the source and smaller ones are 
deposited farther awa>. The area of deposition of 
larger pedicle* of uniform si/e is readily estimated 
b> the method indicated in Fig. 4. Aerosols may 
also he deposited bv rain or snow. 

Area sources of pollution. Industrial cities are 
the principal area sources. A major study in 
Leicester, Fngland. revealed surprisingly little 
downwind displacement of the center of surface 
*nmke with increasing *ind speed, never more than 
V. milt from the center of the cit\. as indicated 
h\ Fig. 5. The *tw iv also indicated that a substan- 
tial fraction of deposited mutter was carried down 
In rain, up to 40',' of dissolved material and up to 
2(l f ; of insoluble material. 

Terrain and weather influences. Topography 
and regional and local weather have a large influ- 
,-m-e on pollution patterns, both from point and 
area source*. Nearby mountains and inversions 
{..rmed aloft in subsiding air in the Pacific anti- 
( . u l„nr in summer and autumn combine to limit 
natural ventilation in the I os Angeles basin, .tag- 
„an. anticyclones in other areas have a similar ef- 
S local vallev winds and land and sea hree/es 
are significant in la* Angeles and elsewhere. 
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Fig. 5. The effect of wind speed on the surface dis- 
tribution of native smoke in winter at Leicester, Eng- 
land. The overage value for central Leicester is taken 
as 100. (Modified from Dept, of Scientific and Indus- 
trial Research, Atmospheric Pollution in Leicester, A 
Scientific Survey, Tech. Paper 1, HMS Office, 1945) 

Global pollution. World-wide pollution of the 
atmosphere by radioactive debris produced by fis- 
sion and fusion-bomb testing is removed slowly, 
mainly by rainfall originating in the high tropo- 
sphere. There is some evidence that carbon diox- 
ide. C0 2 , produced at an increasing rate since the 
beginning of the twentieth century by the combus- 


tion of fossil fuels may be a cause of a gradual 
warming of the climate. 

Control methods. Meteorological criteria have 
been used successfully in control measures. Tin* 
output of contaminants is reduced, as by burning 
low sulfur coal, when atmospheric diffusion is slow 
and returned to normal when diffusion is rapid. 
Us Angeles has developed a system requiring hl ». 
vere curtailment of emission if contaminants a r. 
cumulate to dangerous concentrations. 1)e,*tru> tion 
of ragweed growing in and upwind from a city in 
the direction of the prevailing wind during the rag- 
weed season, mid-August until early October, will 
reduce pollen concentrations and alleviate |mllrri 
hay fever and asthma in the city. Nee Aih com i . 

TION CON rHOi. ; HlOC.LIM A'l Ot.OC.Y. [h.W.llt.] 

Bibliography: K. Barker et al.. Air Pollution, 
1961: F. N. Frenkiel and P. A. Sheppard leds. >. 
dtmospherir Diffusion ami Air Pollution , in II. K. 
l.andsherg and J. Van Mieghem teds. I, Adi antes 
in ( Geophysics . vol. 6. 1959: M. B. Jacobs. Client 
ical Analysis of Air Pollution , i960; p. A. l.ngh 
ton. Photochemistry of Air Pollution . 1%1, 

I*. 1.. Magiil. F. R. Holden, and Cl. Ackley, Air 
Pollution Handbook . 195b; R. S. Scorer, Tin- be- 
havior of ebimnev plumes, hit cm. J. Air Pollu 
tion . 1:19ft. 1959; A. (1. Stern led. i. Hr Pollu- 
tion , A Comprehensne Treatise, 2 voU., 1%2; 
World Health Organisation, Air Pollution. 1%1 

Atoll 

A ring -haped coral reef bearing one or more Icel- 
and surrounding a lagoon without protecting land 
area. 

Physiography. Tvpiral atoll* are isolate<l reef* 
rising from the deep sea. They vary considerable 
in -i/e. Small rings without islets are less than a 
mile in diameter, the largest atoll. Kwajakin. in 
the Marshall Islands. (over* 840 stj mi. In the wr*i- 
ern Pacific where atoll* are widelt developed main 
have a diameter of about 20 mi. 

The reefs of the atoll ring are flat, pavementlike 
areas, large part* of which, particularly along the 
seaward margin, may be exposed at times of low 
tide I Fig. I ». The reefs vary in width from narrow 
ribbons to area* more than a mile across. 

Rich growth* of living coral* and algae are 
best developed near the seaward margin and many 
atolls exhibit a wave-resistant algal ridge along 
the seaward edge. Though other xones of organic 
growth may parallel the ipargin. large parts of the 
flat* are composed of cemented reef rock or depos* 
its of sand or coarser deHyi*. Growth of organisms 
and deposition of sedinufit* on the reef are con- 
trolled by the prevailing l winds and currents and 
other ecoiogic factors. Tha sediments, including ce- 
mented rock, that make tip the reef surface and it? 
islands are composed entitcly of calcium carbonate 
secreted by shallow water organisms. 

The reef ring* of most atolls are broken, usu*u > 
to leeward, by one or more passes. Some of these 
are as deep as the lagoon and give ready access to 



647 



that body »>f water. Depths even in large lagoons 
rarely exceed 2(H) ft. Hundred* of rural knolls r j se 
from the lagoon floor. The broad erects of these 
structures, covered by a growth of coral, lie at all 
depths, the highest approaching low tide level. 

Many atolls exhibit shallow terraces around 
their margins and inside their lagoon*. These struc- 
tures were probably developed during the Pleisto- 
cene glacial epochs when, at intervals, sea level 
stood appreriabl> lower than now. The most recent 
change in sea level bus been a negative shift of 
(\ ft Prior t / th * shift, the reefs grew severul feet 
dho\e their present level. When sea level dropped, 
the reefs were eroded by waves and the debris con- 
centrated to form the existing islands. 

Formation. Atolls, like other txpe*. *»f toral reefs 
wrr f'oHAi. Rl.f.KI. require strong light and warm 
liters and are limited in the existing seas to tropi- 
cal and near-tropical latitudes. The> attain their 
he-t development in the western Pacific and Indian 
Or cans, fn both areas thev occur in groups, some 

whic h show a linear arrangement. 

Man) of the existing atolls prohahK originated 
a- near-surface reefs in early Tertian times; 
others may be appreciably younger, .structure* 
properly described as atolls existed even earlier in 
'hallow Paleozoic seas. Paleozoic atolls were built 
hv u variety of organism*; the corals and algae 


contour* in fothonn 



J" r maril ? r «Ponsible for today’s reefs 
were not then m existence. 

structure. Extended studies that have been ear- 
[. <>n ,n ’ he WHce Islands and in the Marshalls 

mve revealed a great deal about the surface and 
Mi isur ace of several atolls. They are complex 
structures and their surface similarities may mask 
striking f,* {Terences in underground structure. Most 
atoll* that rise directly from the deep sea are rest- 
ing on the summits of volcanoes. Some of these are 
truncated mounds like the guvots known from 
many parts of the world. The reef caps whose thick- 
ness greatly exceeds the depth limits of the reef 
builders ha%e undoubtedly been developed during 
a long history of subsidence. See Seamoint and 
or. 

The structure of Eniwetok Atoll in the Marshall 
Islands, as rexealed by drilling, is shown in Fig. 2. 
1 he limestone cap. nearly a mile in thickness, rests 
on the summit of a basaltic volcano that rises 2 mi 
above the floor of the ocean. The limestone in one 
of the two H|1 holes is made up entirely of the 
skeletons a>.> shells of shallow water organisms 
dating back i the upper Eocene. The sediments 
thus record an over-all history of subsidence ex- 
ceeding 4o.000.000 >ears. This subsidence, so bril- 
liantly postulated by Charles Darwin, has not been 
continuous but has been interrupted by periods of 
emergence. The emergent stages are recorded in 
bands of recrystallized sediments and by the occur- 
rence of fos-.il land shells and the pollen and spores 
of land plants. During parts of its history Eniwe- 
tok. and perhaps many other atolls, stood above the 
sea lor appreciable periods of time and functioned 
as stepping stones v the distribution of life in the 
Pacific Ocean. See Oceanic islands. 

[ H.S.I . ! 

Hihliography : T. David el al.. The Atoll of funa- 
fun, Rov. Soc. London. 1904; K. Emm et al.. A.- 
1 . _j Jmllt Marshall Islands. I M.S 
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Atom 

The individual structure which constitutes the 
basic unit of any chemical element. This structure, 
consisting of a positively charged nucleus sur- 
rounded by a number of electrons of total negative 
charge equal to the positive charge on the nucleus, 
is essentially identical for all atoms of any one 
element. (For differences, iee Isotope.) The nu- 
clear charge, measured in units of the electronic 
charge, is called the atomic number, and specifies 
the element. Masses of the atoms of stable ele- 
ments range from 1.67 X 10 i4 g to 3.9!> X 10 J -g. 
Diameters of atoms are on the order of 10 Vm; 
nuclear diameters are approximately 10 L Vm. See 
Atomic strlc rrat and spectra; Nuclear stri c- 
ture. | K.A.J. | 

Atomic beams 

Unidirectional streams of neutral atoms passing 
through a vacuum. These atoms are virtually free 
from the influence of neigh boring atoms but may be 
subjected to electric and magnetic fields that 
their properties may be studied. The technique of 
atomic beams is identical to that of molecular 
beams. For historical reasons the latter term i* 
most generally used to describe the method as ap- 
plied to either atoms or molecules. 

The method of atomic beams yields extreme!* 
accurate spectroscopic data about the energy level** 
of atoms and heme detailed information about the 
interaction of electrons in the atom with each other 
and with the atomic nucleus as well as information 
about the interaction of all components of the atom 
with external fields. For a detailed discussion, see 
Molecular beams. # i p.ki. ] 

Atomic bomb 

A device for suddenly producing an explosively 
rapid neutron chain reaction in a fissile material 
such as U- n or Pir or. in a wider sense, any ex- 
plosive device which derives its energy from nuclear 
reactions including not only the foregoing fission 
bomb but also a fusion lw»mb which gets its energy 
largely from reactions of heavy hydrogen t hydro- 
gen bomb) or other light nuclei, and a fission- 
fusion bomb which derives its energy in comparable 
amounts from fission and fusion. Because an atomic 
bomb derives its energy from nuclear reactions, it 
is more properly called a nuclear bomb. .See Chain 
reaction, nuclear; Fihmon. nuclear; Fusion, 
nuclear; Hydrogen bomb; Nuclear reaction. 

The first fission bomba released energies of the 
order of 20 kilotona (1 kiloton is 1000 tons of 
equivalent chemical high explosive calculated at a 
conventional energy release of 1000 cal/g; 1 kilo- 
ton » 4.18 X 10 1 * ergs ) , but fractional kilotor* 
yields have since been obtained, overlapping the 
energy of conventional explosives. On the upper 
end the yield of fission bomba overlaps that of 
fusion bombs. Yields of energetic fusion bombs 
in excess of 10 megatons (4.18 X W % ergs) have 
been reported. 


Of the two principal fissile materials, the el, cup, .j 
but less potent l!* 3 * is present in natural tirun;,,,, 
in the proportion of 1 part to 139 parts of (j - an< 
is separated from it by a diffusion proems, \\ h 
competitive Pu- ,U is manufactured from l!- ,,s . 

nuclear reactor that has enough excess neutron, \] 
spare for the reaction ll 3 - IM + n — a U 2J *' C2.3-in n 
half-life) —a Np- MB (2.3-day half-life) — ♦ p lt - 

A fission bomb before ignition consists of u mav 
of fissile material and surrounding tamper (|> nv | 
lium oxide or other reflector of neutrons inti-mi,., 
ultimately to improve the neutron multi|t|j< ;u, (l| 
factor, &) disposed in u geometry so favorable u 
neutron leakage that k is leas than I. These llla 
terials are suddenly assembled by chemical hi*-} 
explosives or by other meuns into a more « cttnj>a« i 
and less leaky geometry where k subitum UK 
exceeds 1. At the same time, spontaneous fi^jon ,,i 
admixed V' : ' H or Pu J4 ° or some other rim h-m 
reaction releases enough neutrons to start an t \ 
plosively divergent chain reaction. The rate 
energy release grows exponentially with time / )t , 
proportion to r ,f t wlierr the growth constant n 
typically of the rough order of magnitude of in 
per second. The rate of reaction ultimate!* tapir- 
off. This i* because of depletion of the fin •I m i 
highly efficient dev be (a total mas* of I kn 
heavy nuclei undergoes fission for ear)* IT ki|i»t«n>- 
of energy release! ; but in a le** effluent dr\i. /. 
is reduced below unity primarily through tin u 
plosive disassrrnblv of the inmp.ut gn*rmtr\ 
Temperatures ure attains! of the a-lmphv -!■ 
order of Hr 1 K. at which e|e«tn»ns have energies ,j 
the order 1<) kev and the energy density et '!.• 
blaikbodv i heat » radiation < enquire* with rfi.i! «•: 
the electronic kinetic energy. 

The energy is communicated bv me* liann 
«hoik and radiative transport to the ^ur r •iiirolu.j 
water, earth, or air. ionising it out to a i.»liv 
which in the case of explosions m air i- know n i 
the fireball radius I l of) vurds about 1 *e< aliu tb* 
explosion of a conventional or 20-hiloton 
bomb). Energy goes out from such a hreh.ill mi" 
the surrounding relatively transparent air m n<-f 
verv different order* of magnitude in the form • 
shock wave and in the form of heat radiation ti:.i f 
mav continue for a number of seconds. 

The shock wave froan a 5-megaton explosion n* 
air at a distance of 6000 ft has a strength of •d M,ul 
100 p*i. The thermal radiation is stopped b\ nn»*l 
crate cloud cover or, by opaque clothing 
y-rays and neutrons gjvc a radiation dosage l ,r " 
portions I to the bomb yjield. The carrier parti* b - 1,1 
radioactive fallout majr originate either fn*rn • •' 
bomb casing itself (difty bomb design) *»r. > n ! ** 
case of a clean bomb, ijfrom earth or water -m H 
up by an explosion of t unduly low altitude K.n •" 
activity is not released fo the atmosphere lo «» M ’ r ” ^ 
buried sufficiently deep, but enough energ' |fc 
free to melt or break up mineral deposit* ° r ^ 
move earth or create artificial harbor*. 

CLEAR EXPLOSION ; RADIOACTIVE f AI LOl t. 

f t i \v. 



Atomic clock 


An electric clock, the re K tilatin u ft c.,„ 

qiicncy of exc.ted atom* or molccl,* ol ^ . 
substance*. I hesc frequencies are „f ,i.„ 

cps in all cases of atomic rhrL't?*'* 
„r under development. Atomic clocks are i|„. 
precise of all clocks; some built in igr . 7 . 
to better than 0.01 sec in a year. ' P * ,,nr 



Fly '• A *borp reto nonce tine for the cesium reso- 
nonce ' half-width of 85 cps is obviously narrow 
compared with the fundamental frequency ol approxi- 
mately 9 v 10* cps. This norrow width makes it pos- 
t'ble to make a precise clock iNotional Company, Inc., 
of Mo /den, Man.) 
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;S,- d ^r h * ”*<" ‘he 

,<J l lif magnet ir m ° s P ertr ^l lines due 

(lowest energy*" slate " Ud 5 “ ) of the 

a M'roxirnatelv qig? Jt . °* utomir cesium at 
-'•■■I. ( 2 1 the hv, I ea<>< ^ per s * cwnd (Me/ 

— -I -H- m-d 

inversion frem Jrm . v . ‘ 1 . sc< * an( l ( 3 ) an 

Because a fr am,non,a a ‘ 23.870 Me ' 
»l«i- is usually dlsirTe y KOn :; derably inwrr “*an 
ni'-rits of ), m „ ,- . ‘ spe ‘ lal Jy lo make measure- 

dn “"known Ircpwnr v'withTlr ‘l 118 ", t °. Com 0 ar< ‘ 

s«« h sss,e,„. Wll k " J l h .. a s,amlttrd - almo,t all 

•■ry-tal , l h V (1 -r wa >- A quartz- 

otidars f r ' * h t>pe f, * r merly used as 

'^.STZr i' landards '- i,,a «^ a. a 
alomir- frequency ..ml *'* l' mul,lp,led U P to the 
under uhJ n , ,,bsPrva,ion - The atoms 
r idi ni t f ’ are 4 “kj acted to electromagnetic 

:~rv' 

;rr. 5 ™ e » •!».,> 

qua||7 . ! f th, ‘ aerating frequency of the 

rum ‘ ' ,t0r I s IO ° l,J "' a " error voltage of the 
; S ' ,s dp n'ed. Wilh these error voltages 

I a, k ZT "* quartz ORdlla *«r is servoed 

d kn r SU ;, H “ WB> lha ' H is he,d fi*ed and 
.( town value. 1 lie error signal is derived dif- 

f ren. b each of the three cases of interest, as 
- i >« d in the -tin ceding paragraphs. 

Atomic-beam clocks. The atomic-beam magnetic 
tesonance method was first used bv I. I. R a bi. J R 
/a. hana- S. Millman. and P. Kusch. In this method 
a beam of .es,um atoms is allowed to traverse an 
evarua.ed space a few meters long. Cesium atoms 
arc easily detected. The number of atoms involved 
g'-n'-rate the error signals just discussed is usu- 
ally of the order of 1 . 000.000 sec. The accuracy 
yyilh whi h the exciting signal can be controlled 
appends . w the time the atom* spend under 
•divert atim >n trailing along the beam tube and 
upon the signal*! o-noise ratio in the apparatus, 
whiih . evsentialb determined hy the number of 
atom!* delected per servo correction time. In the 
atomic-beam cerium clocks called Atomichrons. the 
line * idth is approximateh 1 part in 10 ' <Fig. ]). 
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and the signal-to-noi&e ratio is such that similar 
atomic clocks have been compared with each other 
to a stability of 1 part in 10* • (Fig. 2). See 
Atomic beams: Magnetic resonance. 

Rubidium gat cells. Rubidium is usually used 
in a different type of experiment originally dis- 
cussed by R. H. Dicke. Rubidium vapor at very 
low pressure (1(V 7 ram of mercury) is contained in 
a glass vessel of a volume of approximately 100 
cm*. The excursions of these rubidium atoms ore 
restricted by allowing them to collide with a buffer 
gas, usually one of the noble gases or a mixture. 
The glass bulb with this mixture is subjected to 
visible radiation from a rubidium lamp, and under 
some circumstances the amount of scattered light 
is dependent upon the frequency of a superimposed 
radio-frequency signal at the hyperfine- structure 
resonance at 6835 Me '-ec. This signal is used in a 
fashion similar to that described earlier to control 
the frequency of a quartz oscillator which, when 
multiplied, generates 6835 Mo /see. Unlike the 
cesium device, these rubidium atoms make colli- 
sions with foreign gas molecules which change the 
average resonance frequency by some small 
amount. Correspondingly, the>e gas-cell devices are 
not likelv to provide a primary frequency standard, 
as is true in the case of the atomic-beam method. 

Ammonia masers. The ammonia ma*er was fir*t 
described by J. P. Gordon, H. Zeiger, and C. H. 
Townes. For the electronic and vihrational ground 
state of the ammonia molecule, there are several 
energy levels. A convenient pair of these is sepa- 
rated from one another by 23.870 Me sec. Mole- 
cules in this upper level are focused into a reso- 
nance cavity tuned to this resonance frequency. 
There they emit their quanta of radiation, pro- 
vided there are enough of them to stimulate each 
other to emit. This quantum radiation at 23.870 
Me /sec is available as a signal with which to con- 
trol another oscillating circuit of any *ort. In prac- 
tice so far the ammonia masers have line widths 
which are too broad to he used as a precision fre- 
quency standard, hut it is expected that a way will 
be devised to narrow these spectral lines. A hydro- 
gen maser, developed at Harvard, also shows prom- 
ise. See Maser. [ j. r. zacii arias] 

Bibliography: Principle* of Atomic Frequency 
Standards , IJ.S. Signal Corps Engineering Labora- 
tories Technical Memorandum 1671, 1955. 

Atomic constants 

The group of physical constants which play a fun- 
damental role in atomic physics. The following 
quantities may be taken as a possible set of pri- 
mary atomic constants: e, the charge of the elec- 
tron or proton (in electrostatic units) ; m, the mass 
of the electron; c, the velocity of light, which, 
among other things, is essential in relating fre- 
quency of atomic radiation with wavelength; N f 
Avogadro’s number, the number of atoms in one 
mole; and A, Planck’s constant, the fundamental 
constant of quantum mechanics. 


From such a primary set, numerous other atomic 
constants may be derived. For example, there aie 
the Faraday constant F - jVe./c, which occurs j n 
laws of electrolysis; the Bohr magneton u. 0 ~ 
eh /fame. which plavs a fundamental role in d?. 
scribing the magnetic, moments of atoms and p nr 
tides; and the charge-to-mass-ratio of the electron 
e/mc (in electromagnetic units). 

Obviously it is rather arbitrary which q llan . 
titic* are considered fundamental and which dp. 
rived; the important fact is that a large number of 
atomic constants may he calculated if just a few 
are known. 

In addition to these constants, there are certain 
other quantities which are so intimately involved in 
the important experimental measurement-* that 
they must of necessity he considered together with 
them. An example is A., 'A*, the conversion factor 
between absolute units of length and the Sieghahn 
scale of wavelengths formerly used in \ irt ually all 
vray experiments. 

Reasons for measurement. One motive f„ r 

measuring the-e constant* is --imply pure scientific 
curiosity to know all fundamental physical quanti- 
ties to the highest pn**ihlc accniaev. In addition, a 
precise knowledge of the constants i- sometimes 
important in discovering some new effect nr dn id 
ing between two different physical theories. For ex- 
ample. quantum elec tfodvnarnics. whic h applies 
quantum mec hanics to electromagnetic field*, owes 
its *ucce*s largelv to certain small effects which it 
predic t*. -udi a* the fact that the magnetic moment 
of the electron is greater than the Ruhr mag- 
neton bv about one part in a thousand toe Ftp- 
ikon scin; Ui ami v »r KriRimw win si. pr.n h 
cal application" rna\ require \er\ pre< i*e x,dur*<»; 
*orne constants; the velm if v of light c riiii-t he a<- 
euratelv known for radar applications and for cal 
deration of the geodimeter, a modern -urvexing in 
sfrument which measure- lengths verv acmrateh 
bv determining the time of travel of a beam of 
light. Finallv. therr is the hope that the present 
s> stems of units used in science and engineering 
mav ultimately he based on fundamental phv *i» al 
constant*. For in-tawe. the unit of mass might he 
defined in terms of the mass of the electron instead 
of a platinum-iridium cylinder. 

Methods of measurement. Some of the classical 
experiment* for measuring various constants and 
combination* of constants are described in stand 
ard college physic* text*. Such experiments include 
R. A. Millikan’s oil-drop determination of the 
charge nf the electron, I. J. Thomson’s measure- 
ment of the ratio e/mc py the deflection method, 
and the determination of the Faraday constant F - 
Ne/c by electrolysis. Of throe examples, onlv n* 
last is sufficiently accurate to play any significant 
role since 1950 in fixing the best value* of the con- 
*tunts. 

A set of experiments just sufficient to determine 
the primary atomic constants will now be dc.^cri <* 
in principle. (1) The velocity of light c is mea« 



„r«l dirmtly by <>ne of two methods. ,.i,i.,. r I . 
inft """“l "•'!» •>( « pulse of |i K |„ , 7 " ,n - 

di,t«nre. as in the origin,-, I np.,Y a | d.-K-nno' ,,'!?" 
„ r bv mmino K boll, frr,,„ ra ,. y ;lm | wav.-l.-nl h 
xacuiim of microwaves and taking ,u.. V in 

.piN'iruiii of iliiv „i v ,, s ,i . . tl "' 

ill'- transition fmpmm v , and ' ‘T.V 

ference. N found between two stat^ „i j ' 

ilwavv hxdnigen). which differ 

,l fi ,-.ron -pin and magnet i, moment „ rif . n „.a 
in one and down in tin* This j„ '* 

of the ratio of the magnet i, to 
interaction between fiction and proton: it xj,‘.|i 
the no-railed fine structure constant. whirii \ 
imrlional to r hr. ( 1) r \n elertron l« ;lm 
through n magnetic field oi known inlenviu Jj"'. 
transition frripirn. v is measured |„. Up ,, n ^ ( 
-tales in which the elertron s,,j„ an j m " 

ment i« parallel to and opposed t.. t|„. 

field This determines a value of r ,,ir. IV lir-t 
three experiments liaxe been earned ...n .,,,n r „ xi 

maleh- as outlined: the fourth nun I Wed 

Mis'll aeeura. x as a < oinposji,. „f s,. w .,,,| e\i,.-rj. 
-ii-nt. and theoreli. al • ah illations. These four rc- 
-nlt- tii'e foes ; .dependent relation. 

'PMUlities e, /,. m. and . .See \ inxtti . | |u | 

"" I K.tir: Mi. now u . 

■ < »l‘\ . 

Two additional exprnmenis determine 
'I'"'' V and. in. idenlallx aho the ma-s^,f 

pioton m,. Mist. ||„- niass ,.f ,, ril ,‘ m j„ 

I .mh mass units | / j. ohtaine,| |o mass s, 

,h, ‘ definition ,.f \x.. Cl ,dr..*s number. 

/ * Ui,. Second, a beam pi..t,. n s ,s i„t,.,. 
Iii.ed into a .xelolron or s„„,|. ir ,jevi... will, 
nucnetie field of known intensitx Measurement . f 
, P fieipu-nrx then yields m . . \, tm 

Jlh. this m.ix apain he a re-„!t. ,.,t|.,., 

:,IJn "'"t-’le experiment. I These two results, to- 
“*!" r "hll I the lestdis ,,( tin- prci cding set. weld 
( »f V and rn v . 

ft is noteworthy how manx of the experiments 
'Mussed m the pre. cding paragraph* irn.dxe pri 
wi'ilx a measurement ..f frerjuen. x. During World 
,r . anti imniediateK afterwards. fre<p:ene\- 
»' •isiinnp teehnirpies were dexeh.ped to the point 
J 1 " rf * a / r,,ri,rv better if). in nnr part in W 
unr quite fpasildr. Ihi* imprnxrment h:i<* per- 
„il | , , rrn [*"' -in^lr farpit in makini: po-. 

v / ih,ainin « <'i fur niorr mnnntp xah,e> of 

^ rnfiMan!-. 

i n , r af anv fiivni tirnf'. llirr#* arr n^iiallv 

rnrrHv\ Pf * | ,UnN . ,,f hi ^ 1 ncrursu \ than ar» iirrdnl 
i!„. nirtfi ° c flic mn^tants. For rxamplr 

f 


If* ttinn * f s «! 1 1 1 1 r ; r , 

I, ZTTT n \ ° f Fi,r «dnV constant F - Ve r 
•'fix of »i° )"*^ld» a nrw relation not piven h\ 

'■'perinte^ V1,i mentioned The xaiiou- 

"itli n(l1 J* re M^uallv not enlireh cnn.-Ment 
tittle to . * - rr* , 't ter. Careful re. lew s are needed from 
mr In sort out all the available data and 
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•■«»iMantTA n t^e7mw '^T ^ ‘ he Various 

(•'•Iiinents carefully |„.j. '' S S ' ,,dy the var, ’°us ex- 
l"'riitictita|K rm usure.t ^ ^ ' !e P arat < ? the cx- 
' .ken from Xr l TT'!*: imm . “''^linry 
,,,tf die published resuItV'rr . V Jn< in ' °mpiit- 
:i ' h«i as |ios.i|,| f . ,| . , ' assure himself. 

'isirijj soiiu- i| I,,., , .'. an . ‘ "osistent l, as j s . rp . 

' '""-e a s,.| „ f ^ f,P ''dl usually attempt to 

■ d errors llr ,. ir.d .V* "" ."'r ’ aU 

>-e se|o,.,s a d - "! »nc another. Finally, 

" r ." ,,s: dns s,. r K wi,h ,he 

f,| inf* rhf rf»i|wf ail |^ " - "'dru ipnt to n\erdr*icr- 

• 'fiwln's ^h'eina'xhn'^' »ni K ht begin by 

perirnent. the s„.ealled" V * err " r f,,r Pa, ‘ l1 ex- 
' 7 ;' " f error. Values of 

dde eouihininiom''!! f 

"leiided .allies and error ^ ' hc reroni ' 

"in. aii thes,. r ,::,Cu ' ,at ,,,C> . wer<> 
r, 'r" 0 }.|;,i»„ M i lr „ * Hun ever, the er- 

ami tlm • l,o|,. . a !’ V* ""did. pessimistic. 

w lijt iil'is,,! x " Mp * of 1,mit " f Prr °r is some- 

pr, ". pf, " rp ha<i h«* n m trv m 0 h. 

h that there ,s a r,0 SO chanre that the 
. .') P " ' ""»>'« 'he indicated range. For ex^ 

r/i 1 •, , • ,P | r '" Ul, " f Jn Px l>eriment is stated as 
' V’ J S ° 50 ' h ™'' 'h a « the , riI e 

'''-u:.™^„,iiu„ dpr(frtain 

h u. Mr ' 1,P ." r ' W ,haf a " ex P er, "ment 
shod. !,C we.chtc l m.ersdv 3 s the s qiIarP of it , 

* er .’"' ^* U|V - if two experimental meas- 

!T"'T', " Tmnli'. » gi.e 10 ± 1 and 

i- 1 tin* ui - »n \ alup hemmed 


x = 


4_ (jo 2 2 ) 


10.-1 


n ih + ibp) 

,} i»' •*\|irt intent >vith dotihle the error carrier only 
one fourth much weight. Prohahilitv theory also 
t"'"' l,,r prurnlure f«»r < alrulatinp the probable 
ofr'tr , 1 -M.t iaiecl with the mean value t; in this ex- 
ample. it turn- out to he 0.8 so that r= 10.4 
e'J 8. >\v | > l|UKS \ in t ity. 

lu the « .ih'iilation «>t atomic constant*, there are 
ii-ii.i 1 1\ not tine, b* oral xariahles; the mathe- 
in.itif.il thn»r\ »*f leavt-v ( juareH adjustments fnr- 
ni-he- procedure* to eoxer this more complicated 
* a^e. Such adjustments haxe been carried out b> 
R. T. Hirj:**. a pioneer in the systematic «tudv of 
phx Hieal Kuintant*-. 1>\ J. W. M. DuMond. E. R. Co- 
hen. and to-worker*. and bv J. A. Beiirden, J. S. 
Thonf*en. and eo-w«>rkers. Srr I. f:\st sgr^RF.s. 
Ml itrOD OK 

Precise values. The \alue« of a few of the 
a(«»mi< « otintant*' ami their iMimated errors, as rec- 
ommended bv the Committee tui Fundamental Con- 
vl ant > of the National Academ> of Scienres-Na- 
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tional Research Council on the basis of a study by 
E. R. Cohen and J. W. M. DuMond, are 

c - (2.997925 ± .000003) X 10 ,o cm sec 1 
e - (480298 ± .00020) X l(H°esu 
k m (6.6256 =fc .0005) X 1<H ? erg-sec 
m - (9.1091 db .0004) X 10 ^ g 
N » (6.02252 db .00028) X 10-' (g mole) *' 
(C ,a scale of atomic masses) 

Errors stated are the so-called error limits, that is, 
three times the standard deviations; these range 
from 1 to 75 parts per million. Sec Angstrom; 
Avocadro number; Electrochemical equiva- 
lent; Magneton; Planck’s constant; Rydberg 
constant; X-unit. {j. a. hkakden; j. s. thomskn] 
Bibliography ; Avogadro Congress on Funda- 
mental Constants, Nuoro eimento. Suppl.. 6:5-429, 
1957; J. A. Bearden and J. S. Thomsen, \uovo 
eimento , Supply 5:267-360. 1957; R. T. Birge. 
Repts . Progr . Phys 8:90, 1941; R. T. Birge, Rrr. 
Mod . Phys., 1(1) ;1~73. 1929; E. R. Cohen. K. M. 
Crowe, and J. W. M, DtiMond. Fundamental Con- 
stants of Physics, 1957; E. R. Cohen and J. W. M. 
DuMond. Proceedings of the Second International 
Conference on Muclidic Masses . Vienna. 1063, 

Atomic energy 

The energy released in the rearrangement of the 
particles making up the nucleus of an atom, popu- 
larly referred to as atomic energy, hut preferably 
called nuclear energy. Atomic properly refers to 
phenomena involving the orbital electrons of the 
atom, but not involving anv transformation of the 
nucleus. See Nuclear power. 

Atomic mass unit 

An arbitrarily defined uni* in terms of which the 
masses of individual atoms are expressed. The 
standard in this system of units is the mass of O'*, 
the most abundant isotope of oxygen. One atomic 
mass unit (amu) is defined as Vyn the mass of O'*. 
The amu is smaller by the factor —1.000275 than 
the unit of chemical atomic weight, which is based 
on the natural mixture of oxygen isotopes (O'*. 
0' T , and 0 1 * !, rather than O'* alone. A new unit, 
relative nuclidic mass unifies these two scales by 
redefining the unit of mass in each as Via the mass 
of C 12 . 5ee Atomic weight. [ it. e. duckwortii] 

Atomic number 

The number of elementary positive charges (pro- 
tons) contained within the nucleus of an atom. It is 
denoted by the letter Z. For an electrically neutral 
atom, the number of planetary electrons is also 
given by the atomic number. Atoms with the same 
Z (isotopes) belong to the same element. The 
lightest element, hydrogen, has Z * 1. The heavi- 
est naturally occurring element, uranium, has 
Z — 92. All elements up to and including Z •» 101 
(menddevium) either occur in nature or have been 
created artificially. The atomic number of an atom 
is altered during radioactive decay: for a-cmis- 


sion, Z — ► Z — 2; for ft -emission, Z — * Z -f ] ; f 0r 
/^-emission or electron capture, Z— * Z - l (, lV 
Radioactivity). When specifically written, the 
atomic number is usually placed before and U*. 
low the elemental symbol, namely, iH. ^U. Sr? 
Mass number. | n. e. duikwoihu] 

Atomic physics 

Modern atomic physics is concerned with the struc- 
ture of the atom, the characteristics of the e),. r . 
trons and other elementary particles of which th^ 
atom is composed, the arrangement of the atom’s 
energy states, and the processes involved in the ra 
diation of light and x-rays. The nature of elertrir 
ity, magnetism, light, and x-rays is also invoked in 
these studies. It is principally in these areas of 
atomic physics that the huge accretion of knowl- 
edge about the ph>sical world has come a!u>ut i n 
the twentieth century. 

During the nineteenth century, with the develop 
ment of the kinetic throrv of gases, the d/e< ; nd 
masses of atoms were estimated, and the notion of 
the atomicity of electric charge was developed. Hut 
with dw-overy of radioactivity in 1896 and of rht 
electron in 1897. the quantum theory Jiv M,i\ 
Planck in 1900, Albert Einstein’* relativity theory 
Lord Rutherford’s nuclear atom in 1911, and e-pc 
cially Niels Bohr’s unification in 1915 of the rm 
clear atom with the quantum nature of the r.ulh 
five process, there has been a tremendous growth 
in atomic physics. (Quantum mechanics, introdu.nl 
in 1925. presents the quantum condition* Iv>gi« uil\ 
and provides a satisfac tory explanation of ai! »h 
tails of atomic dynamics. See Atomk ionhumv 
Atomic structure and specihi; Eimthuit. . 
Elementary parihle: Heat radiation. Kimic 
TIIEORV or MATTER; I.IUIl ; MagNITIsM; W 
TI M MM HANDS; X-RAY (*0. PHYSICAL NAUR! o> . 
see also Nuclear piivsms and the nttiile* lift'd 
therein. !w w wshin' 


Atomic structure and spectra 

The theory of atomic structure w as dev duped 
largely from studies of the various frequencies "f 
light that atoms are capable of emitting or ab- 
sorbing. When a piano string or a bell is *tnnk. 
certain characteristic frequencies of sound ar * 1 
heard, and these are definitely related to the phvsi 
cal structure of the vibrating source. Simile k. 
electron* striking the atoms of a gas cause them t*» 
emit electromagnetic wpves. and these eleitiomap 
netic emissions are restricted to well-defined J* 
quencies, as is revealej) in a spectroscope hv ue 
observation of sharp sicctrum lines. This ana 
between mechanical ind electromagnetic 
tions is only valid und^r a certain limiting 141 " 
tion discussed later, $id it* failure under *> < 
conditions led to the development of a new > n 
mechanics, called quagtuxn mechanics. #PP l, a 
to particles as small as those in atoms, n ' 
gases, where the atoms are relatively far up^ 1 ^ 


undisturbed, arc the atomic frequencies 



fined. The »pe<ira t<» he discussed in this m\r\v .„<< 
nitrified to those produced eithei by stimulating a 
ga* to emit light or hy ending while. light through 
the ga* ho that the ga* absorbs in tain frequrriric- 
Atomic tiSM. The size- of atoms were first 
,nated hy such crude methods as determining |,„ w 
thin a hi™ °f a ^piid rn,| ld he prodmed without 
jm rupturing. More significant results ronhl he oh 
mined hy applying the kinetic th*-*.rv «.f imdcular 
motion to the vi-eosilv and diffusion of gases. Am 
mher obvious method was to compare the densities 
of solid* with the manses of the atom* they eon 
tained. which were known from chemical data. 
Here the assumption was made that the ,ii„m- of a 
-olid are in contact. Ml these methods \ielded rr- 
,nlts which indicated atomic diameter- of the order 
of 10 H 10 ’em. 

Results of scattering experiments. To obtain 

more detail and to penetrate within the periphery 
of the atom, miiiic type of finer probe was required. 
I’woof these appeared with the di-«mr*i\ of \-?a\s 
and radioactivity . 

Soi//enng of \ ra\s. When a beam uf vrav- 
spikes a -ample of matter, it is found Hut the smi 
i,|»* become*, under intense irradiation, a -emmiary 
..Mine of weak, or low intensity, scattered vra\s 
n,i* gaye the f:sf irniif aMon of tfic number and 
<lMribution of electron- in atoms. The me. ham-m 
„f the production of -emndaiv wav- nu\ be pi< 
t ired -omewh.il as in Fig !</. Xrav- aic elntro- 
nugnetic wave- of wavelength considerably smaller 
’lull the -j/e of the atom If one of these waves -cl- 
.hi .domic electron into \ibralioi). it will lau-** the 
..mission ot a w;im* of lesser amplitude whnh can 
I,., ob-erved at some angle with re-pe* t to the di- 
region of the incident rav- The intensity of -«at- 
if ring depends on the number of Mattering centers 
•r|n non* r . and in this wav (Iharle- Barkla bmi.d 
•hat the number of ele* Irons in an atom is approxi* 
nutelv half the atomic weight, Furthermore. the 
\ (nation of the scattered intensity with direction 
-liffcrs from what one would predn t il the electron- 
were randomly distributed in -pace, indicating 
that there is some regularity in their arrangement 
within the atom. 

^raUrrinfi of alpha pnrtirlrs. Alpha pal titles are 
helium nuclei that are emitted hv radioactive sub- 
-Uncr*. Ernest Rutherford passed these parti* les 
through thin foils of different materials and «»h- 
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aflMl ^ !)?/ re hitivc numbers scattered at various 


electron* 



'• Stottorlng by an atom to) of x-rayi, 
POftklw. 


r 1 - T, ( "‘ ,,,ns iderat)ln nmnbrT dcflcH.id through 

• 4< Jiiglcs, »,„ h as tho upper particle in Fig. 16, 
w< t iai the mass and also the positive electric 

* 1<ir .f 7 t lt * alom tnust be concentrated within a 

S ". , , mn< * al th * < ct »«*r - the nucleus. The diam* 

lb- T i,» i? unrU ‘ ns was hiund to he slightly greater 

a,) ‘ ni. and its charge, in units of the elec- 

t0ni ! ' ,rtrKf *- wav huind to be equal to the ordinal 
number of the element in the periodic table, the so- 
' ,,,# ‘d atomic number /. The results of scattering 
M < runents therefore established the nuclear atom 
<ls ' H “ nia H- positively charged nucleus. 

*ui rounded by a * loud of electrons equal in number 
to the nuclear < harge. 

BOHR ATOM AND BOHR’S CORRESPONDENCE 
PRINCIPLE 

The hydrogen atom, having 1 * 1 and a single 
h * t foil, is the -iinple-t. Niels Bohr was able to ex- 
dairi it- -pcctrum with the following two postu- 
late 

1. On!, certain -table, nonradiating orbits for 
the election are possible, these being determined 
b\ the condition that the angular momentum must 
he an integral multiple of h 2t. 

2 Emission or absorption of light occurs when 
the electron make- a transition from one of these 
orbit- to another, and the frequency r of the light 
»<* given hv the difference in their energies divided 
hv h i Rohr's frequency condition!. 

Here h i- Planck'- con-tant. -o that the second pos- 
tulate i- equivalent to requiring that the energy 
change the atom -hall equal the energy hv of 
the photon 'light quantum!. The subsequent de- 
velopment of quantum mechanic- ha- shown that 
the conct |f t definite orhifs cannot be retained ex- 
cept m the dting ca-e of very large orbits (see 

Oi y\uvt mm In this limit, the frequency, 

inlen-itv. ’nd polarization of the light can be accu- 
rately calculated by applying the classical laws of 
* lectrodvnamios to the radiation from an orbital 
electron. This fad is an illustration of Bohr’s cor- 
respondence principle, according to which the 
quantum law must agree with those of classical 
them \ in the case of large masses and large dimen- 
-ion-, The deviations from classical theory that oc- 
nir when the orbits are smaller are such that the 
restriction on the angular momentum contained in 
Rohi*- first postulate is still exact, though one may- 
no longer picture an accurately defined orbit. 

Quantization of the hydrogen atom. According 
to Bohr’s theory, the hydrogen atom is quantized 
when one finds the energies E of the orbits per* 
nutted In the fiM postulate. The spectral frequen- 
ces are then obtained by applying the second Pos- 
VII 1 qe The electron mav be assumed to describe a 
circular ...hi* .< radius r. Calling its mass m and ..s 
volo. il. r. !!«■ an4''> ar momentum is mrr, and 
f, r ,l postulate Iteeomes 

<b) of • - ' (n « 1. 2. 3 1 


mir 


m h 2-1 
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Atomic structure and spoctro 

The whole number n is trailed the principal quan- 
tum number (see Quantum numukhs). The cen- 
tripetal force holding the electron in its orbit is 
furnished by the electrostatic attraction of the nu- 
cleus, which in this case is a proton of charge -f e. 
for the electron of charge — e. Equating the cen- 
tripetal force to the force of attraction given by 
Coulomb's law (see Coulomb’s law). one obtains 

mt -/r *» e : r- 

The energy of an electron in an orbit, just as 
that of a planet or a satellite, consists of kinetic 
and potential energies, and if the latter is taken as 
zero when the electron is far removed from the 
atom, its value is just twice tiie kinetic energy and 
has a negative sign. Since the kinetic energy i- 
Son*, one finds for the total energy, kinetic plus 
potential, the \a!ue 

E - tmr* 2) — mu- - wit* 2 

If r and r are now eliminated between thi- equa- 
tion and the two preceding one*. the possible ener- 
gies Income 

2 ir* we 1 l 
fc “~ ft* 

The same eipiation. with some -mall but significant 
correction terms t*» be discussed later, i- obtained 
by solving the Schnklinger equation for the 
of electron plus proton. .See Sr iihodim-lr's wau 
tVt VI ION. 

The radiated frequencies become, according to 
Bohr's second postulate. 

i « < r -- vr \ h 

where E/ and E” are the initial and final energies 
of the atom in a transition. Spe# trnseopisi* usually 
express their measurements in wase number- #f. 
which are the frequencies divided bv the \e|ocit\ of 
light r. in order to obtain numl»ers of more < on vein 
ent size 


* r 

— XT -* — 

c he 


E " 
hr. 


T" _ 


The quantities T are railed spectral terms, defined 
by 

T - - E hr 

and the equation for cr is an example of a quite 
general rule, called the Ritz combination principle, 
that the wave number of any line may be expressed 
as the difference of two terms. This ride, which 
gave a justification for Bohr’s frequency condition, 
w true for any spectrum, and is accurately verified 
experimentally. By using the preceding expression 
for the energies in hydrogen, one obtains for it* 
terms 


2rW 4 1 R 
1 ~ "ck* n 2 m n 2 

The important constant R is known as the Rydberg 


constant. Its value is determined by the values ft j 
other well-known universal constants. .See Kii/\ 
COMBINATION I’HINCII’LK; RyUUKRC CONSTANT. 

The efTect of nuclear mass must also be 
ered, since the nucleus does not actually remain at 
rest at the center of the atom. Instead, the ely tron 
and nucleus revolve about their common ienu» r 0 | 
gravity. This effect is taken into account b> Miitabb 
changing the value of m in the expression for 
Rvdherg constant. The inHss effm-t shows ii^lf ^ 
a slight difference of the terms of the three hydu,. 
gen isotopes (.tec horncr. shot). It was fiM d<- 
tes ted bv comparing the spectrum of hydrogen with 
that of ionized helium, which also has a single e\ 
tranuclear electron. In the latter case, the factor / 
must he included in the expression for the Rvdhng 
constant to take a< count of the greater mik h-at 
charge. See Isom h.ihonh sm,ml><k. 

Elliptical orbits. In addition to the circular 
orbits already described, elliptical ones are <iU., 
consistent with the requirement that the unguLii 
momentum he quantized. Arnold SonwueiiHd 
shiiwed that for ea< h value of n there i- a famib >.t 
n permitted elliptical orbits, all having the -.iim 
major axis, hut different ercciitf icitic*. Figure J, f 
show-, for example, the Ruhr Smnmerleld orlut- 
for n ■ .1. The orbits aic labeled s. /», and »/. mdi 

eating values of the a/.irnuthal quantum mmihei 
/ ~ ft. I, and 2. This number determines tin dia|>t 
of the orbit, sim #• the latio of the mapu to tlu 
minor axis i- found to be n \t : I i. To .i Iim 
approximation, the energies ot all orbit* «»! tin 
same n are equal. In the • a-e of tin highly m « m 
trie orbits, however, then* l- .I slight dn ie,i*r T- 
the energy due to pictession of the orbit * fig. . } J> 
The cati-e of tin- is similar to that fm the prt-»- 
si«in of the perihelion of the planet Meuun \* 
cording to the tlieoiv of relativity, the ina- ui 
< rea-es somewhat in the inner pari of the mbit t" 
cause of the greater vejo* it> For the effei t •»> Hie 
correction, see Fim. -lRta it nr im*m tftvi U'* s 
see also pRfr.rrsslov 



io> ,b ' 

Fig. 2. Pouibl* •lliplieol «»bi»», according <° 
Bohr-SommerUld theory (o> The three permitted ° r 
for n * 3. f b ) Precettion of the 3« orbit cauve y 
relativttrk variation of matt. 


\ solution rill** limits th«* pnssihh* «-hani*c«s nf / 
thill give ri#e t« *P<* trurn lines of appreciable 
busily- s,,ft SKWii:riow in i.ks The ml,- 

is4 t |, n t / may only increase or decrease hy one mm, 
or a* ** unually Mated. A/ « ±\. It iiiuy he proved 
(rum th«? correspondence principle, according lo 
c h the possible radiated fre<pienries lorie-pond 
t0 certain harmonies and enmhination fiequeni it** 
of the clawdcal motion of the eleitrmi. \n anab-i- 
of the preceding elliptical orbit xieldx frcqut m i*-. 

. ^ V| , where r in anv integer, v„ the frequcu.v 
of revolulton in the orbit* and n the frequent* <>f 
the preeessioiial motion. The various values of 7 
correspond to harmonics of the fundamental f r . . 
nuemy, and since these are all present in tin- t»u 
tier analysis of the motion* all changes of n are pn- 
ihh* With /. however, oiilv the corftit lent* * 1 are 
M l un d these correspond to the allowed 
5 -n|ir » of this quantum number. 
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VECTOR MOOEL OF THE ATOM 

In attempting to extend Bohr's model to atom- 
with more than one electron, il is lngual i» coin- 
rt> experimentally observed terms ,,f the y] 
kali atoms, which contain onlv a single eh-.tr.*n 
uut^ide of closed shells, with tho*e of hvdr.igcn 1 ve.- 
Kh«,hon MV H,nuii«iM \ definite sirinliiMtv 1 - 
touiirl but with the striking difference that all terms 
Hl ,|, / > 0 are double. This fart wa- mteipMrd b\ 

S \ Coiidsmit and t.. K 1 hleiibei k a- due t.. the 
itjesence of an additional angular momentum for f 
electron, representing a rotation about its axis 
.malogmis to the rotation of the earth. It proved 1 
iiH-es-arx to attribute to the electron a spin angulai 
moment urn of Mst* 2*1. The relativistic quantum 
mechanics developed hx P. V M. Oira. gave a 
theoretical ii.stification for this experimental 
observation. Nee Ki m.tkon smv 

Spin-orbit coupling. Thi- 10 ,he 

rnergv of interaction of the electron's -pin v - - 

with its orbital angular momentum. / Ihe ongm o 
this cnergx is magnetic. Studies of the effect «f an 
applied magnetic field on spectral terms show that 
iViet e 1 - a magnetic moment of one Bohi magneton 
•is^iriuted with the electron spin 1 '*'« Mm.m ton i 
IV electron is thus equivalent to a ‘•mall spinning 
magnet. There is a torque exerted on ibis magnet 
l, v the magnetic held generated through the or at a 
motion, the latter being equivalent to a current 
loop Since quantum theorv requires that the qu.m 
»mn number j of the total angular momentum «• 
the atom shall take values differing bv integers. 
tVie are nnlv two possible nettings f° r s re ative 
,n 5 muxt lw* either parallel or anliparalle ig- 
,]rp 'l show* the relative positions of these two 
'Mors and of their resultant / for a p electron 
‘•■nr that ha* / - It. The eorre*p**nding 
terms are shown adjacent to the vector diagram*, 
with the customary *perlro*copir notation 

will lw» explained later. 

Dirac theory give* for the apin orhil split- 
,,n * nf iV resulting term** in «he ca*e of a single 


Fig 3. Vector model for spectral terms arising from 
o a single i> electron, and (b> two electrons, either 
two ;> electrons, or an ^ and a »/ electron. 

elet trim outside the nucleus. 

ff«-Z 4 )0‘H 1)- /(/+l)_-s(.s_4 l) 

T ' *n-/t/ - j.(U ll 

Urre n -*■ 2 -re- hr is culled the fine structure (on- 
stunt. >u h a splitting should he present for hvdro* 
^,■11 ami oilier li|iht one-electron atoms and 

|.ut Ixvan-c of the smallness of n. it causes 
„ n h lurch resolvable separation of the lines. 

In atoms having more than one electron, this fine 
structure h- whal h called the multtplet 

strmtnre. The donhlets in the alkali spectra, .or 
example, are due to spin-orhit cooplm# and the 
nre. evli.tp lormula. with suitable modifications, can 
.till be applied. Th -<e m.«lifiealion> ma> he attnb- 
„led to penetration of the onler orh.lal electron 
within the dosed shells of other electrons an effect 
to he described later in connection w.th the site. 

TW «-* « 

nmimidv described model lo 81 
M .in anpular coupli „ p. or Russell- 

ralh in the following way: 


Ms '- 5; ' Sr " 


.)> = {LS) = J 
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Fig. 4. Terms and transitions for the hydrogen atom, 
(a) Bohr theory. *b> Bohr-Sommerfeld theory. (c> Dirac 
theory. 


This notation indicates that the /, s are first coupled 
magnetically to form a resultant L and the s,s to 
form a resultant S, and secondarily, by a weaker 
interaction, the A and ,S coupled to give the quan- 
tized total angular momentum /. Suppose. for ex- 
ample, that one wishes to predict the terms arising 
from two nonequivalent p electrons, that is, two 
electrons with /, * 1 but with different values of n. 
The individual /,* can form quantized resultants 
A — 2, 1, or 0. and these represent terms desig- 
nated as IK P , and S terms. This notation, accord- 
ing to which 

A — 0. 1. 2, 3, t, 5, 6, 7, etc., represents 
£, P, D. f, G. ff, A if, etc., terras, 

is a survival of an earlier empirical designation of 
scries as sharp, principal, diffuse, etc. 

The two p electrons each have spin h m Mu 
giving resultants 5-1 and 0. Considering the D 


<b' 



4 



term having L *■ 2. the coupling of A and > will 
give J * 3. 2, and 1 for > :« I. and J * - 1,,r 
,S * 0. The terms with > W! I will lie * ,1 ' 

gether, *ince the l.S interaction relativeU *in.dl 
and will form a triplet. Similarly N “ *» ‘ 1 

singlet level. These two mulliplet terms arc • 
veil ient I y written *D alld x lK the component 
the triplet being indicated us 7>i, 7/* and lh 
using the value of J a* the subscript. I be b' v< ’" 
and vector diagrams <jjll Fig. 3 b could appl' ''J 
such a *7) state. Treating the case** A - 1 
A - 0 similarly, one |nd« V* and *P I*" 1 " 1 “ 
former, and \S and *5 from the latter. The > ” 

will always be single, rfgardless of the mult'ph 4 ^ 
of the system they belong to, since with A 
one can derive but a sitkgfe value of 7. 

The 2 P state shown in Fig. 3fl is derived \row 

a single electron which, since A • / *' . a 
S - s - V4. has / value* of and & InmM 




possible multiplicities with different numbers of 
electron* 
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doublet. If llwif are three or none »*!« . t r «.n-. the 
number of terms becomes \. fx hi,,,,. | M| , 

thev art* family derived l» v a similar pi.,,,. dun- 
lin* icsiilting multiplicities art* shown Jn the t.dde. 
|| two nr more electrons art* equivalent. tliat i-. 
haw the same n and /. the number .,i resulting 
terms i*- great! v i educed. hn iiiM- o{ ih<« teipjjre. 
men I of the f > anli e\< lusjon principle that no two 
elri Irons ma> have all their (jiiaiitum nurnhct' 
alike Lvre Rxri.i mcin **HIN< IPI I i. Two equivalent 
l> Him It «»«**. h»r example. give onl\ ■>. I* ■[) 
term*, instead of tilt- sj\ terms derived n, tin 
l»)f* rding tliM ussjon. 

Coupling of till* LS tvpe i- gcnerallv appli. ,il*|r 
ti. i lit- low tfoo.% ’*tatc»'» of the I atom" | hr 
n*\t « omrnontM tvpe is culled jj coupling. and mas 
f •»■ represented as 

til -N 1 ■ ; fy.f . .! J 

V h electron ban it-, -pin coupled t« • it'- own or- 
hit tl angular momentum and form* a / for that 
♦■In iron. Th^ various are then more wealth 
• owplcd to give J l'li i ^ tvpe of touphrig i- -rMorn 
-iintlv observed; in tin* lifax ie-r atom" it i* mm- 
"mil to find a condition intermediate between ! v 
anil if coupling. Serial other tvpes of loupling 
}«,»\* been recounted, uotahlv the pair coupling 
dial ludd* in the atoms of the inert ga-es hut their 
! l» o nption is hevnrni the s< ope of tlu- artii le. The 
valuable experimental information regarding 
thr- 'oupling l\pe is given bv the I andc e la« tor-. 
N, '“ Zr imam mp r. 

EXAMPLES Of ATOMIC SPECTRA 

f° illustrate the salient features of observed 
tra. and the energv level (termi diagram* de- 
T i\n| from them, four tvpical examples will be de- 

ribed: the s(>f»ctrA of hvdrogen. sodium, heliur. 
; uirf mercury. 

Spectrum and term diagram of hydrogen. 

trirngen is the simplest rase. Figure Ut show- 
^ ,rrnix W n* resulting from the simple Bohr 
1 , ‘° rv - These term* are obtained bv dividing the 
numerical value of the Rvdberg constant for by- 
(109.678 cm «) b> it*, that is. bv 1. 4. 9. 

ie\ ^ ^nnivalent energies in electron volts 

?,,av then be found by using the conversion 
lral° r ^ fV ** rjrn *• These energies, in ««n* 

/.»*ru 1,1 ,frm v<| l ,,w * are ihuiaIU measured from 
Ul *” 15 hiwest Mate, and increase for sncces-be 
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T', ,ser ' oprther ,,ntil * h «y » 
„ , 1,1,S '■" rr, * s ponds to the orhit 

i-. iJi.it. "H!** r, ' ,n ? ;l, ,,f * he ele ‘ :tron ’ th »‘ 

tf-nii;i) then, i* " 11 01,1 ' ^* M,ve this ionization po- 
■h, it , 7 h "««™ - f -'♦•«« represent,^ 

..ofki^,n„orX ,n ’ n POSM>sine 8 vari ‘ 

lie" T V V. n,P " a /, nes " f ,he hvdrogen 

-ult fii ,r l ^ lp ‘ 4 "’ * *"' s P*-< lral lines re- 

’ < ‘ 1Wf- '‘ n ,h *‘ sf ‘ various possible 
1?' Ver . ,,Cal arrow <>" -liagran. 
a i, mi i la and represent* ,| lc emissiot, of 
„[ ,| JK ' I'- 1 ' l,,p '*i the spei-trum. The wave number 
lm ' - 1 d ‘ ,, ’ r ; 1 . '>«'-> Bohr’s frequency condi- 
for , " d ' lf ‘ d,ff,, rence in the term values 

' ,,,w ' r and upper states and is therefore pro- 

)'|W h »' '1- TV «... nuin- 

formula^ me " an ‘ givcn *’> ,llp Balmer 


a - V 



) 


'vlten- M, double primes refer to the lower energy 
‘•late ' largei term value i and the single primes to 
t u Mpp(M -latf*. -\nv particular scries is charac- 
tf-ri/rd |.\ i, « on-ianf value of n". and variable n'. 

v,,n * : * ,/ diowv the spectrum of a hvdrogen dis- 
♦ barge tube laktui with a rpiart/. spectrograph. The 
Balmer "me-, represented by the preceding for- 
mula with n' = 2. is the only one shown. Its first 
line, that bo rj' ~ .T. is the liright red line at the 
wavelength 6563 angstroms (1 A = 10 " cmf. and 
is called H . Succeeding lines, H v . etc., proceed 
toward the ullraviolet with decreasing spacing and 
intensiu. e\entuall\ converging at 3646 A. Beyond 
thi*- serie- limit there is a region of continuous 
*vpp( tnnn The other -cries, given by n ” = 1. 3. 4. 
etc., lie we-! u’sjde the visible region, the Lyman 
sene- coveri. ^ the wavelength range 1215 912 A 
in the vacuum ultraviolet, and the Paschen series 
18.7.M \ in the infrared. Still other series, 

which be at even longer wavelengths, are known. 

Sun e hvdrogen is hv far the most abundant ele- 
ment in the cosmos. it> spectrum is extremeh im- 
portant from the astronomical standpoint. The 
Balmer series has been observed as far as H n in 
the -|»ectra of hot stars. The Lvman series appears 
as the strongest feature of the sun's spectrum as 
photographed hv means of rockets. The fine struc- 
ture and hvpcrfinc nicture of the hvdrogen term*, 
to be desetibed later, are also important astronom- 
ically In particular the observation of a line of 
21 <m wavelength, arising from a transition be- 
tween the two hv per fine components of the n == I 
teim. gave birth to the new science of radio- 
astronomv. See \s 1R oM>MirAt, srKi THOsrorY : Ra- 


I astronomy. 

I'iir structure and Lamb shift in hydrogen. 
esc topics have played an important role in the 
iplopmeiit of atomic theory. The Bohr-Sommcr- 
d theory which permitted elliptical orbits. 
Med a fine structure for II, that did not agree 
th experiment. Reference to Fig. 4 b will show 
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Fig. 5. Line emission spectra of some common ele- 
ments. (o' Hydrogen. b> Sodium, let Helium, id) Mer- 
cury. The scale gives the wavelengths in millionths of 
a centimeter ; that is, in hundreds of angstroms 1 . 


that I -election rule A/ - ±. I iierrnils t hr#*r* 
transition* for tli i-* line, and tin*"** base -lightly dif- 
ferent frequencies because of the relativitv 
f which are too small to -how on this diagram ». Ac- 
tually some -even component* have been observed 
in the coi responding line of He* at IfvIO A. Af- 
fording to the Dirur theorv. in whidi electron |j««t 
enters and the level* are clarified by / rather than 
hy l f levels of the .same n and j coincide exactly. as 
*l»own in Fig. 4c. The splitting* of these levels are 
of course great Is exaggerated in the figure. A se- 
lection rule limits the changes of / to 0 and ± I, *o 
that there are just seven permitted transitions for 
the H., line. Infortunaldy for the theory, however, 
there are two pair* of these lines which coincide 
exactly if states of tht? same / are not separate. 
Hence it predicts only five of the seven components 
actually found. 


The final solution of this discrepancy came wit}) 
the experimental discovery hv Willis l„iinh. Jr t| la , 
the 2 s-S level U shifted upwards hv O.IKH , Ju . 
The discovery was made hv extremely .seu*ui w . 
microwave measurements and has suhse«p„. n ij v 
been shown to he in accord with the general p nt|l , 
pies of tpianturn electrodvnumics. The 
l.ainh shift is present to a greater or lessei d»m,. f . 
in all the hvdrogen levels, and also in tlnu,' ( ,j 
helium, hut is largest for the levels of s n ) t ,|j r ., / 
and n. Accurate optical tneasumuent* on the Utlw . 
length of the l.vman nr line have given cuiu-Iimw 
evidence of a large shift of the Is S level. Sn* 

ITM H-M IROIIV N VMII.s. 

Spectrum and term diagram of sodium. 

was indicated earlier, the spectra of the .ilkali 
atoms are expected t‘> "how analogies to the h\drn 
gen s pedi uin, since these elements have .i -jno| r 
electron nuf*idr of dosed shells. Figure f>A diow- 
that definite -cries are present in the spectrum, t y\u\ 
the term diagram of Fig. fi has ohvimi*. -imilarlti.-, 
to those of Figs. U> and #\ Two salient diflcmiM* 
ate. In »w ever, to he noted: 


1. The lowest principal quantum number f.,r 
l»*»th the s and /> orhits U A, instead of I :hh) * 
respc* tivelv. a- in livdiogen. 

2. While the tl and / orhits give term- doo-lv 
approximating those «»f hvdiogru. the /> term- .uni 
particulurlv the \ trims, aie -hiftrd tai down in,r. 
the corresponding hvdrogen trfiiiv 


The fn-t f.n t a simple < oii-cqimm #* ot tie 1 1 1 o ■’ 
exdusion principle Sodium lias 11 dciim.. 
wlii' h 2 go to till up the n l -hell, and H siM.rr : . 
fill the rt 2 -hell TTie eleventh de« !f<»n nr ■' 
have an n of at least A. 

I*rn»'tnttinjs orbits T hr-e orhits ai»* ellip-»- <•' 
great eci eiifrieitv a- was shown in Fig. 2 I In » 
plain the i in rcu-rd funding of the do t r<»ii in .m 
or p orbit. TTie electron pj-*e- near enough m : !•» 
nucleus -.»» that it penetrate" inside ‘x'lin' o* ill* 
other electrons in the dosed shells having u \ 
and n ~ 2. In Fig. 7u the approximate -i/» **i tii-- 
**core" is shown hv the da-hed » ilde. and. 
imposed on this, i- drawn the .1* oilul liom F »u •• 
While the e|e* iron is outside the «mc. it will 
subject to the attractive for* e of the nudeu- «•* 
charge f lie, and the JO core e!e« iron* leaving > 
net effective charge of r. As soon a* the clcif" 1 ' 
penetrates the core, however, this effective < ham* 
increases, since the nucleus is screened I*' h" ,T 
electrons. This means that the enrrgv of bmdm- 
and also the c urre.-poigiing term value, will l»< M 
creased. ; . 

This model in useful in explaining the sign Jn* 
relative magnitude of tfie shifts of the sodium h'*. 
with respect to those of hydrogen. Since the > Ml ),f 
are more eccentric thoih the p orhits. ami l >pm,l ‘* r 
deeper, their levels have the greater s ^ r 
quantitative calculation of the energies, Im* 1 ' ^ 
the Bohr model i» not udecpiate. Instead. 
une the wave function* of quantum mechann 





amount of overlapping of the wave function of th« 
outer electron with those of the elniron- in ihc 
,ore then determines the energy shift. In Fig. 7/> 
are |>h>Med the rudial density fumtions for the 
sodiutn eore ( hroken curvet and for the is e|e* - 
tion (solid curve). These functions icp r » M -nt the 
probability of finding electrons at various distance* 
from *he muleus. and are d»*tri mined troni the 
%l |,iare of the corresponding wave fumtions. It udl 
|,e noted thut theie i^ an appreciable ovei lapping 
in this cu-e. and ul-o tliat the radiu* fm maximum 
probability of the d.v electron i* drawn m mm li 
do^cl to the mu leu- than it would he foi the lioln 
nrhit. Theorv -bow- that the amount «»1 peimtia- 
lion varies only -lightlv vvith the principal <pmn- 
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turn nn in her u, and that the sodium terms can 
therefore he approximately represented hy 

T ~ R. [n - Aj- 

lleie A i- called the rpiantum defect, and is ap- 
proximated constant for anv given set of terms. In 
-odium, the values of A are about 1.35. 0.ft6, 0.01, 
•»'id <».IHI tor the >. /\ I), and F terms. 

kmiwmn sjirriruni. This is produced |»v down- 
waid transitions m tire term diagram. The sodium 
atom mu malls exi-t- in its ground -tate (the state 
of lowest energy the- 3 S \S } term of Fig. (>. If en- 
•'»gv is imparted to the atom, as for example hy 
the impact of r|c< irons j M a ^idium arc. it rnav Ire 
rai-ed to one or another of the various excited state* 



^9- 6. Term diagram of sodium, showing * c tr ® nsl 
t»oni giving the strongest line*. The doublet s * pa, ° 100 
^ ov * been exaggerated 20-fold. 
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0 3 4 6 $ 10 A 

dirtanc* from nocltvs, r 

Fig. 7. Penetrating orbit in sodium, to) According to 
the BohrSommerfold theory, (b) As shown by the 
quantom-mechanico! probability density. 

shown in the diagram. At low pressures, where rol* 
iisions with other atoms are not too frequent, the 
average lifetime of the atom in one of these is only 
see. Hence it soon gives up its energy 
again as radiated light, and the various downward 
transitions shown in Fig. 6 cause the emission of 
spectral lines. The wavelengths of some of these in 
angstroms are entered beside the arrows in the 
figure. 

The intensities of the lines in the emission spec- 
trum are determined primarily by two factors: 

(1) the number of atoms in the initial slate, and 

(2) the transition probability, which is the prob- 
ability that in unit time an atom in the initial state 
will make the transition in question. The first factor 
depends on the conditions of excitation, the most 
important of which is usually the temperature of 
the gas. The second is an atomic property, which 
can be, calculated from the wave functions of the 
two states involved in the transition. In sodium the 
transition probability is greatest for the yellow dou- 
blet, 5890 and 58% A. These lines are called the 
resonance lines. For all transitions except those per- 
milted by the dipole selection rules, it is essentially 
zero. The selection rules for LS coupling are as 
follows : 

1. SL * 0, db 1. In the case of a single electron, 
the change = 0 is also ruled out. 

2. A/ * 0. dr 1. with the auxiliary prohibition 
that no jump can occur from a state with J » 0 tn 
another state with / - 0. 

3. » 0; that is. the multiplicity does not 
change. For a single electron, there is of course 
only the one multiplicity, namely doublets, 

4. The parity must change. This is a property 
of the state*, designated as even or odd according 
to whether 2/< is an even or an odd number. Odd 
states are designated by a superscript as */*>, 
whereas even states are written without super- 
script. as S D . This rule relates to the symmetry of 
the wave function and specifies that even states 


combine only with odd states, and vice versa. ,sy f 
Parity (quantum mechanics). 

Selection rules 2 and 4 are the most genera) ttn< | 
are independent of the particular type of coupling 

Absorption spectrum . This is obtained by si . im j 
mg light which has a continuous spectrum through 
the gas and observing the spectrum of the trans- 
mitted light. If sodium vapor is produced b> heat- 
ing the metal in an evacuated glass vessel, its u j, 
sorption spectrum consists of u single series .») 
lines, the “principal series,” resulting from tin 
transitions 

3.s*‘Si i — * np-P i 2 . H,* 

These are upward transitions, the atom absorbing 
the energy of the incident radiation of the <orn- 
s ponding frequencies, so that in the spectrum ixx* 
observe* dark lines on a continuous barkgiound 
The appearance of only one series in the aUmp 
lion spectrum can be understood from the fart that 
at the temperature of the experiment CMsentialb 
all the atoms are in the ground state. The seta 
lion rule for /, then limits the possible- transition- 
*o that only those to the n-P states ran ocnn. 

Spectrum and term diagram of helium. Tin- 

spectrum of helium, which is shown in Fig. V \- 
relatively simple, although in the visible region 
there are no obvious series. Hv upplving the Kit/ 
combination principle to the observed wave mini 
hers, the term diagram may be rnnstnu ted. .«nd i! 
corresponds to what one would expert for an dt«»w 
with two electrons. 

Singlet and triplet series are observed, i r* on 
which two separate system* of term'- arc dnivcd. 
one including l S r l P , l l) % etc., term" and the mh«r 
\S\ ’P, ’W, etc. No intercombination between t li« 
singlet and triplet terms occurs, in agreement with 
the selection rule JkN » 0. This rule i" "tint m -j 
light atom, where /..S coupling is * b»el\ obrwd 
The triplets are extremely narrow, with an over ill 
spread of less than 1 A. and the component- 11 
the 'P levels are not arranged in the usual order 
The P 2 and 'P\ levels almost coincide and In* h* 1 
low J P it . This effect has been explained b> ^ cruet 
Heisenberg as due to the interactions il i.a-» and 

The application of the exclusion principle 
that the configuration of lowest energy, • ’in-NuiK 
of two l.< electrons, gives rise only to a " t,1,r 
No \S state »h observed for this value of n. be- 
cause it is necessary that the spins of the i*" 
electrons he opposed. JThc lowest *N -t« tr ^ 
n - 2. and it i* a metawUblr level because the 
dipole selection rules frrbid a transition to • 1,,N 
lower state. See METASf ari.»: xtatf. 

Spectrum end term fHegrem of mercury* < 

sideration of the spectrum of a heaw element^’^ 
a* mercury bring* out certain features that an 
present for the lighter itom*. Figure 5rf " 

visible portion of the mercury spectrum. M'< 1 

8 the complete term diagram for this element 
ground atate i* 1 St i and ariae* from two « clc* *' 
a* in the cane of helium. 






F'g 8. Ttrm diogrom of mercury, showing the transitions giving the strongest tines. 


H»r cledrnn couftgti ration of tin* ground date 
"mien iii complete form a* 

W iti^ 80 electrons the la*l I wo are the ino*t 
^»v|\ bound, and it i«* through excitation of thr*e 
that the optical mrrnirs term- ari***. Two *et* o. 
{ritn% eunsisting of singlet* and tripled occur, and 
die analogy with helium in fairly clo*r with certain 
notable difference*. Si mo one of the 6% electron* 

‘ 4,1 <hangi* it* / value without un incie.w in n> 

1 ), ‘ ^wi^t triplet level in V* inMead of ‘S The 
,r, plt*t “piffling* vrrv dutch greater than in 
the three line* at 4017. 4358. and >10 1 A 
U|| tMit«iting a triplet that cover » nearlv the entire 
1 1 *|** spectrum. Because IS coupling i** only up* 
P r °xi?naied, violation* of the selection rule ** ff 
rf common; some of the strongest line*, etich ** 


the romance line 2S.47 A. r»**ult from intcrcombi- 
natum* between kinglet and triplet term*. The 
splitting «if the bsbp P lesel being large, two of 
il* component*. P„ and l J 2 . are meta.*tahle. Tran- 
sition- to the ground *tate are here forbidden by 
the tried inn rule * *; J. 

Hyperfine structure and isotope shifts. The*e 

are important characteristics of the spectra of the 
beau element*: and can be oldened with instru- 
ment* of high rends ing power. For descriptions of 
these phenomena .see Hypkrkink struti rf.; 1*o- 
topf shift. 


WIDTH OF SPECTRAL LINES 

\s opened in a spectrograph of moderate dis- 
tersion. the width of the atomic emission lines is 
, snail' determined b' the finite width of the sla 
,( ,he instrument. After this instrumental width is 



M2 Atomic weight 

eliminated or corrected for, there remains an in- 
trinsic width, which can be attributed to one or 
more of three causes. 

Natural width. This results from the finite length 
of the wave trains emitted by atoms which are free 
from all external disturbances, such as electric and 
magnetic fields, collisions, etc. In classical theory 
the finite length results from radiation damping of 
the emitting oscillator and gives rise to a width of 
0.0001 16 A for all lines, independent of their wave- 
length. In quantum mechanics the width is different 
for different lines, being determined by the natural 
widths of the two levels involved in the emission of 
the line, each of which is inversely proportional to 
the average lifetime of the atom in that state. 

Doppler width. Doppler broadening results from 
the thermal motions of the atoms in the light 
source. When the emitting atom is approaching 
the observer with a velocity v, the wavelength is 
shortened by the fraction r/r, and when the atom 
is receding, the wavelength is lengthened by the 
same fraction (see Dopplf.r effect). Since the 
thermal motions are random in direction, and dif- 
ferent for different atoms, the net result is merely 
a broadening of the line. According to the kinetic 
theory, the width of the line (measured at half of 
its central intensity) due to this cause is given by 
7.16 X lO-UVr^T where A is the wavelength. T 
the absolute temperature, and M the atomic or mo- 
lecular weight. The Doppler width for a given ele- 
ment may be reduced by cooling a suitable light 
source, using, for example, liquid air. 

Pressure broadening. This is the most complex 
type of broadening, and is difficult to treat quanti- 
tatively. When the pressure is increased, the lines 
broaden, usually asymmetrically, and the maximum 
of the line is in most cases displaced toward the 
red end of the spectrum. Three physical processes 
may enter into producing this effect: (1) shorten- 
ing of the lifetime of the atomic state by collisions 
(collision damping); (2) incipient molecule for- 
mation, or the action of the Van der Waals forces 
of the atoms on each other; and (3) interatomic 
electric fields (see Stark effect). The third effect 
is often the most prominent one in an electrical dis- 
charge, when the concentration of ions and free 
electrons can become large. It can be reduced by 
using sufficiently small electric currents in the 
source. [f.a.j.1 

Bibliography: M. Born, Atomic Phjfics, 6th ed., 
1957; E. U. Condon and G. H. Shortley, The The - 
ory of Atomic Spectra, 1935; G. Herzberg, Atomic 
Spectra and Atomic Structure , 2d ed., 1945; H. E. 
White, Introduction to Atomic Spectra, 1934. 

Atomic weight 

A number assigned to each chemical element which 
specifies the average mass of its atoms. The atomic- 
weight scale is so chosen that the mass of an oxy- 
gen atom is exactly 16. Since an element may con- 
sist of two or more isotopes having atoms which 
differ in mass, the atomic weight of such an ele- 
ment depends on the relative proportions of its 


isotopes. The isotopic composition of all clement* 
as they occur in nature, except those that are th<> 
products of natural radioactivity, is practically 
constant. The atomic weight refers to this natural 
mixture. 

A list of recommended values for all 
ments is published biennially by an international 
commission ; for a complete list of these value* 
Elements (chemical). 

The two scales. Oxygen, the basis of the atomic- 
weight scale, itself possesses three stable isotope*. 
Two of these, O lT and O 1 ", are of low abundance, 
but they are nevertheless present in quantities suffi- 
cient to render the atomic weights as referred to 
the most abundant isotope. O'", appreciably dif- 
ferent from those referred to the natural mixture 
Physicists determine atomic masses and abun- 
dances of individual isotopes with the mass spec- 
trometer, and the atomic weights calculated from 
these data are expressed on a scale in which the 
mass of O l< * equals 16 (see Atomic mass cniti. 
This so-called physical scale of atomic weight* dif 
fers from the chemical scale, in which the natural 
mixture of oxygen isotopes has the value 16. To 
convert from the chemical to the physical *cale\ 
one multiplies by the factor 1.000275. Unfortu- 
nately, it appears that the isotopic composition of 
oxygen varies somewhat according to its souric. 
so that the conversion factor would have to hi* 
1.000278 for atmospheric oxygen and 1.00026ft for 
oxygen derived from water. 

To avoid these difficulties of definition, a n<-\* 
unit called relative nuclidic mass, defined a** ’ l 
the mass of carbon- 12. was introduced in I960 If 
is designated by the symbol u; thus, C 1S *= 1 2u 

Determination of weights. There are four pre- 
cision methods of determining atomic weights, all 
of which have comparable accuracy in the m<»M 
favorable cases; {)) chemical combining weights 
(2) limiting gas densities. (3) mass-spectromclt-r 
measurements, and 14) nuclear-reaction energies 
The first two give results on the chemical scale, and 
the last two on the physical scale. 

Combining weights. Method 1 is as old a* atonii* 
theory itself. If it is found, for example, that 1 g <*f 
silver (Ag). when converted into the chloride, al- 
ways yields 1.32867 g of AgCI. one knows that the 
ratio of the atomic weights of chlorine and siher 
must be 0.32867. Taking the atomic weight of 
silver as 107.880 (one of the most accurately Known 
values), this ratio yields for chlorine the value 
35.457. Similar intercom pa risons between other 
elements, including oxygen, yields a set of atomi f 
weights. 

Gas density ratios . Method 2 is based on Avoga- 
dro’s law, which states that equal volumes of i* n 
gases at the same temperature and pressure <° n ’ 
tain the same number of molecules. If this law were 
strictly accurate, the ratio of the weight of a 
of nitrogen (Na) to that of a liter of oxygen < -* ■ 
when multiplied by J6. would give the al,,in j| 
weight of nitrogen. It is accurate, however. on 
for ideal gases. Hence, the ratio of densities n»u 



be extrapolated to the value it would have ax the*,, 
densities approach zero. 

Mass spectrometer measurements. Method 3 
compares the masses and abundances of different 
isotopic species by deflecting beams of their gase- 
011 s ions in electric and magnetic fields ho that all 
ions having the same ratio of mass to electric 
charge are focused through a slit. The charge re- 
ceived on an electrode located behind the slit meas- 
ures the relative abundance, while a knowledge of 
the deflection and the fields yields the mass per 
unit charge. Very accurate comparisons of masses 
can he made when beams of ions occur close to- 
gether to form a doublet. Example* are (C'-C)' 4 ')* 
and or (B 10 )*and (NV°r\ 

Surlear reaction energies. Method 4 , the use of 
nuclear reaction energies, utilizes the Einstein 
ina^s-energy relation A£ =* X\fc- m where c is the 
velocity of light. If the energy of a bombarding 
particle and of the nuclear fragments resulting 
from a transmutation differ by a certain amount AA' 
t the so-called (J-value of the reaction », the total 
ma^es of all particles before and after the reaction 
miM differ by an amount AA/ given bv the Einstein 
relation, according to which 0.93111 Mcv of energy 
is equivalent to 0.(X)1 atomic weight units. The re- 
sults of Mich measurements, and of mass spectrom- 
eter work, are summarized in the packing-fraction 
curve, which displays the amounts bv which indi- 
vidual nuclear masses differ from whole numbers 
when referred to 0 !n * 16. This curve is now well 
enough known so that an unknown atomic weight 
could be predicted by interpolation on the rune to 
letter than 0.01 unit. .See Packing fraction: see 
». iho Inmiiia <h energy; Mass spfctrom.ope; 
Mole* i.’i.ar weight. | k.a.j. ] 

Atremata 

One of the three orders of the class Inartimlata in 
the Brachiopoda. Churacteristicallv. the pedicle 
protrudes between both valves. The opening is 
more or less in portions of each valve. The exterior 
"f the valve shows only growth lines. The shell sub- 
'tance is chitinophosphatic except for Trimerel- 
which is calcareous. Advanced forms develop 



JJuicIa icon In lingula, a Recant Atremata. (After 
W * H- TwnhoUl and R. R. Shrock, Principles of In- 
Vibrate Paleontology, McGraw-Hill , 19 35) 
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and P 8e " d ««-hilidia. Rudimentary ar- 
i/rd form "STS’ P,a,form8 devel °P « »P«cial. 

SL55H h ^; h l£ in ^“ r t0 cW 

SurtW and Ua -- -Te^Sing 

hal.it shall hC ln,er, °/' L,v,ng representatives in- 
(Wans Watm ° f thC Padfic “ nd 


1 * 1 . ,up " fami| y Lingulacea extends from 
« aleoaoic, exemplified by Lingulella, to the 
Kc'ent, as seen in Lingula and Glottidia. The 
Atrernata range from the Cambrian to Recent. See 

'nahuu^ta. (kh] 

Atrophy 


The diminution in the size of a cell, tissue, or or- 
gan which was once fully developed and of nor- 
mal size. The process is to be distinguished from 
hypoplasia or aplasia, in which the tissues do not 
achieve full development, and from a loss of mass 
ut to ai ute destruction by such agents as injury 
or infection. Almost all examples of atrophy ran 
t.e attributed to an alteration in the metabolism of 
the aff.rted cells, usually through interference 
with cellular nutrition. See Hypoplasia; Terato- 
gen KSI.V 


The size of an atrophic organ may not always 
give an accurate estimate of the severity of the 
atrophv which has occurred. Not all the elements 
in an organ or tissue may he involved in the 
atrophic process and there may even be partial re- 
placement of the lost mass by an increase in fatty 
or fibrous tissue. 

Senile atrophy. This is an atrophy which occurs 
in an older individual as a result of the process of 
aging. This type of atrophy is often associated 
with a localized vascular insufficiency w r hich ac- 
company the generalized vascular sclerosis of 
old age. .N»* ile atrophy of the brain, for example, 
is usuallv c -sociatcd with marked cerebral arterio- 
sclerosis. In old age. many of the hones become 
more porous, brittle, and lighter, and elastic tissue 
in the skin and blood vessel walls loses its normal 
function and staining properties. A fall in hormone 
level may be instrumental in initiating the change 
in other organs, such as the breasts and the sex 


rgans. 

Closely related to senile atrophy is phvsiologi- 
al atrophy. This is also a consequence of the nor- 
lal process of aging, but in the absence of senil- 
v. Following ofanry, the thymus begins to 
ivolutf. the inner zone of the adrenal cortex 
trophies, and there is a relative decrease in the 
mount of Ivmphoid tissue. The atrophies of many 
Irurt ures concerned in fetal or embryonic devel- 
pment but not required for survival of the organ- 
;m after birth are also physiological atrophies, 
lassified in this category are the closure of the 
uctiis arteriosus, the ductus venosus, and the al- 
intois following birth. , 

Pressure atrophy. This results from the pro- 
nged application of pressure to a group of cells 
Se. or organ. Virtually all the examples of 
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pressure atrophy are due to nutritional impairment 
which in turn is produced by the obstruction of 
the blood or lymphatic supplv to the tissue. Rarely, 
pressure atrophy rnay result from chronic physical 
injury to the cells themselves, but this is uncom- 
mon. The atrophy of tissues surrounding an ex- 
panding tumor mass, the thinning of the kidney 
cortex following pressure due to distention of the 
pelvis in hydronephrosis, and the erosion of hone 
around the expanding portion of an aortic aneu- 
rysm are examples of pressure atrophy. 

Toxic atrophy. This is an atrophv resulting from 
contact with a local or circulating toxin. There is 
considerable doubt whether such an entity exists. 
Toxins usually produce necrosis if they have anv 
effect at all. and no toxin capable of producing 
atrophy has actually been identified, ft is possible 
that in prolonged fevers or infections a toxin may 
be liberated which causes the atrophv of fat. mus- 
cle. and certain organs, but this agent is on)> the 
product of speculation. 

Neurotrophic atrophy. The atrophv which fol- 
lows the loss of the motor nerve supply to a par- 
ticular muscle or muscle group is neurotrophic 
atrophy. It is a type of atrophy due to inanition, or 
to a loss of activity or function. In poliomyelitis, 
following destruction of the motor nerve cells sup- 
plying a particular muscle, there is paralvsi* of 
the involved muscle group with subsequent atro- 
phy. Muscle atrophy is also seen in chronic di*. 
eases, such as rheumatoid arthritis and dennatosi- 
lk in which muscle activity i« limited. It occurs 
also as a complication of the treatment of certain 
fractures by casting because of the immobilization 
of muscles and consequent inactivity. When the 
secretory activity of a gland is interrupted hv ob- 
struction of the duct, th* cells normally responsi- 
ble for secretion usually undergo atrophv. Another 
type of atrophy which might be included under at- 
rophy of inanition is that *een in endocrine or- 
gans. Jt frequently follows when the level of stimu- 
lating hormone is reduced or the secretory activity 
is depressed by the artificial administration of the 
hormone normally secreted by the gland. The atro- 
phy of the adrenal cortex observed following pro- 
longed cortisone administration is an example of 
this. .S>e Hypkrthophy. jw.f.p. j 

Atropine 

An alkaloid extracted from /ffro/vi hvlladonna 
and related plants of the family Solanaceae. The 
structure of atropine has been shown to be 

(AU <31 - OH* 0 CHjOH 

t f 9,9 

| X CHa CHO £ -OH 0*H* 

CH, - - OH -- hi* 

Galenical preparations containing standard pro- 
portion* of belladonna have been employed in 
medicine for many centuries and were known to 
the ancient Hindus. Indeed, the word “belladonna” 
itself is a reminder of the antiquity of the drug 


in that it signifies “beautiful lady”; severul «■*.„ 
tunes ago, women used a decoction of the 
to produce dilated pupils, u sign of conieliurv. 

In medicine* atropine is used chiefly an a i M \,| 
riatic (pupil dilator!. It produce** pupil 
by paralyzing the iris and ciliary muscles. \, r „ 
pine is also administered in small doset |„, twr(i 
general anesthesia to lessen oral and air p ilNS|l , t . 
secretions. Its ability to reduce these secret ii,n/ ls 
also utilized in several preparation* 
used for symptomatic relief of colds. Sr<- \, Kv 
t.om. |s.x,K. 

Attenuation 

The reduction in level of u quantity as a fun< ii l>n 
of a characteristic parameter. I'suallv thr ,p 1(inl!h 
is an intensity /, or energy per unit jirea. ami il„ 
parameter is the distance from the south r l|,, u 
ever, the attenuation of voltage in suitable eln fM 
cal network- hv attenuators mav ako |„- nil . n 
tinned. In the more usual case, the redtution Ml 
level follows Lambert's tor Bouguer's } lav* 

/u) --- U 

where v Is the parameter in question. frc<pu*inh t 
distance. The coefficient o is called the .uu-mim 
lion or extinction coefftcienl. 

For unconfined radiation from a point -imr.r r!a 
attenuation i* invev*el\ prfiportion.il to tin -ipur* 
of the distance from the source » w»* i -s \ i r. -t 
syl vki: i.aw; Pom sol IK m The atTcmj.iti'.ji .,1 
an electromagnetic wave in a wave guide *f . 
sound wave in a pipe does Mot follow tin- ju'-i • 
squate law Two other plix-ii al pio» b i-i ■ i ■ 

in attenuation ate scattering of radiation ami ii- 
absorption (that is ln*s of rnergv « Tliese art- ! - -r 1 ■ 
attenuation prn< oss«-s See Ausow I ms ; Nvih'i- 

!Nt. ( M.M THOM VCNt IH KVIUATInNI V li li 

Attenuator 

An arrangement of fixed ami vaiiahb* o-i-t r- 
mounted in a compact package, used to redim i- 
strength of a radio- or audio- frequent \ signal Im \ 
desired amount without i au*ing appreciable di* 
tort inn. The attenuator i* so designed that ic^ mi 
pedance matches that of the « ireuit in wlmh n i- 
connected, regardless of the amount of anenMii’-r- 
introduced. Thi« characteristic is achieved bv P r,, i 
erlv proportioning the r sintamr values »d the 
rir* and shunt element a. 

Atfenuafoi* are nfttn calibrated in de«ib«-i- l " 
mdicute the amount ii attenuation that i- n ,,r " 
duced at each netting W the control. In thi" f° I,n 
attenuator** are widely used l«> control the onti ' t 
level* of signal generator*. oscilloscope jnp ,i! ,v 
el*, and audio level* i0 broaden*! Mudm*. Ih* ,,,r 
responding nnnndjustjjblr device is u*un!U * <» *' ' 
pad. .See Rmmstor. I,V1H 

Audio 

A term that refer* to xound in the range of ( ,f 
qurncie* eonaidered audible at reaoonahlt* ,fi 1 ” ^ 
intensities to the average young adult listener 



ing normal hearing The usually am*,nH liin _ l>f 
*ueh audio frequencies is 20 20.0(H) ryrles |irr 
second. It in possible for human ltein^ fo 
sound* of higher and lower frequency. if an . 
of sufficient intensity; however, the** h„ M|( K an- 
not ordinarily considered to he audio Irequern ie. 

The term audio has also been emplowd Ul f j^ 
M ril»e electronic equipment u*ed to rnord and 
reproduce sound in the audio-frequency iange. f< lf 
example, an audit* amplifier. Audio ha- dew|<ip«*d 
dierefore. into a general!* emplnved des, ii, f ii <ir> 1)f 
an* etiuipment. activity, and so forth which relates 
to the eventual production of sound in the audio- 
frequency range. .See Ai mo ^mim.iiii h: Huhim, 

i wj.(„! 

Audio amplifier 

\n electronic circuit designed to urnplih *jgnab 
Mithin. and in sonic cases uho*e. the .indibir rang*- 
’1 Jn* trim mav mean either the complete amplifier. 
..mating of the \ollage -amplifier and power am- 
pliftei stages, or it mav mean insf one The 

meaning intended depends upon the « ontext in 
which it is used In the usual rase, the term implies 
that the amplifier is not capable of amplifying a «h 
omul; such an amplifier would more like!* },»> 
tailed a d* t lificr. .See Dihm i <ui mil xmhi 
i ii h 

The (oupling between stages in an audio ampli 
(if? mav he one of -e\eral tvpes 1 he mo-i cummon 
i- the l<(. UesHtance c.iparitan. r i « oupling. be- 
. mi's- of its simplicity, good frequent \ re-p»m e. 
and low <ost. Transformer coupling in audio am 
plifiers is also possible, but a transformer with 

the characteristic s required for a wide frequent* 

hand in the amplifier is expensive. >#e \oi uu 
VMrl Oil li. 

The amplifier can he designed with a fieqinr . 
reqxtnse that is more than adequate to pmdme 
ncail* distort ionic** ampiitu alum. t his is paituu- 
l.irh true when feedback is used The proper u*e «.] 
leedhack can oven nine *on>e «»f the distortion in 
trndutfd bv the nonlinearities in tie- amplifier v<n- 
num tubes, the power output transformer, the loud* 
speaker, and the lack of a uniform frequency 
rrsjxinac of the amplifier and loudspeaker. There 
f'»re. amplifiers capable of high-fidelity antplifica- 
h«*n u*r feedback. AVe Distuhtiox imhihonk 
■him trsi. 

A M*li«r amplifiers are capable »*f a pt»weT output 
ranging from a few to more than SO watts. 

The term af (audio-frequency) amplifier i* <«- 
crt^ionally used in place of Audio amplifier This i- 
consini pm with the designations of rf tiadio-frc- 
fimicyi and i-f ( intermediate- frequency t ampli- 

r,rr Ve Amimjhkh, iH.I.K.i 

biometry 

'Uunlitmive aswssmrnt of individual hearing, 
normal nr defective. Three types of audio- 
mp| nc testa are uaed: pure tone, speech, and bone 
(Fig. 1). Such tests may serve 
Vftri «ii* ptirimafg, such aa invealigation of auditorv 
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-tiidv «,f li.sLrinil 1 ^* r oi,<,l J ,MI,s - human engineering 
H ' filing of imh con,m,| uieation devices, 

„f liir-si- . .1 ''Jinn nl uf (Jt-fn tivr hearing. In all 

relative to liwin,? is nieasurt *d 

Audiometer T . n ' ,rnli,l h -“""K- 

-Iinui.-nt II t ,Hlr< ’‘ ,om- audiometer is (he in- 
*" lol > » "''^dual hearing 
' • " ll ‘ ; ln '"-'rumcnl is composed of 

""|<I li t “„T' . Fl ' r s,,ce< * 1 <*f hearing. 

record. art .<'ulalion tests are reprodured 
, , i ... " . a,M ‘ recorders. Measurements of de- 

j ' ' " r ,n, '*fl>*iil»jlitv ran Im> made Ijv adiut-t- 
"' e mU ‘ n ^ <l.e tev, words. To make Lone 
•'•ndiKlmn lesis. sound vibrations from the audi- 
• er diiiv.u,. a vibrator located on the forehead 

4>r HMstfUcJ 

^ Reverberation chamber and anechoic room. 

• 'lenidi, advanee in audiometry demands eareful 
lonirol of all environmental sound. Two tvpe» of 

, ' , ' , iall > "’n-trurted for research and meas- 

iirnnep' „f hearing are shown in Fig. 2. the ran- 
•loin diffusion or reverberation rhamber and the 
<inn non room. In the revet heration chamber, 
sounds are randomly- reflected from heavy nonpar- 
allel walk floor, and ceiling surfaces. | n the 


individual 



] Equipment for tone and speeth audiometry 
,pp|ied to individual hearing measurement for air- 
Jucted sound, bone<onducted sound, group screen- 
of individuals with heormg loss, ond human en- 
ding measurements of communication, equ.pm.nt. 
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anechoic room, the Fiherglas wedges absorb all but 
a small per cent of the sound. Such conditions 
make possible precise determination of the limits 
and variation of normal and defective heuring for 
all types and conditions of sound transmission. 

Audiogram. The measurement of hearing loss for 
pure tones in defective hearing is represented by 
the audiogram (Fig. l\). Sounds of different fre- 
quencies are presented separately to each ear of 



Fig. 2. Spockrl sound environ menfs used in scientific 
oudiometry. ( a ) A random diffusion chamber for meas- 
uring hearing under controlled noise conditions, t b ) An 
anechoic or wedge room— a sound-proofed room 
lined with Fiberglas wedges, (From J. P. fgon) 
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Fig. 3. The technique of determining the audibility 
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the indi\idual. and the intensitv level* of the (1 |, N „ 
lute thresholds lor each freqmncv arc dctrrmmnj 
The absolute threshold is the lowest inten'itv whu], 
can be delected |>\ the individual being i«Mrd In 
clinieul i»udiomrtr\. the Main* id hearing i- r\ 
pressed in terms id bearing Ion.. at ea< h nf I li«- di * 
ferent frequenc\ levels. In the audiogram tin* ix»r 
mal audihilitv nine, representing absolute thrr-h 
old" at all frequencies for the normal ear. is npi* 
sented as a straight line of /ero de» iheU. \ rn*»uii! 
of bearing los* is then designated ;i" a dei jbel 
below normal audihilitv. The audiogram in H.; 
reveal-* a bearing lo*" for tori*** above f>0<» « \ - 
per set. Automatic audiometer" are now u"»il v^ it!» 
which the individual can plot hi" own uudiogr jin 

Articulation tests. \rti« ulahon tc-ts arc q.. r. !• 
perception or * perch hearing test* used t<» 
hearing ami Ioh* of hearing for "perch. The thr»*-ii 
old of intelligihilitv for speech i*- defined .i" tin- n« 
tensitv level at which ?*()'! of the word". non-criM 

liable*, or sentence* user! in the articulation tc-t 
are correctlv identified. The IhM of "in h arln »!*» 
lion test*, are phonetnallv balanced <1*11 ‘ "" r, l 
test", in which single syllable word" wrie seln trd 
so that the phonetir sound" mituralh o<-4 ut ring. i fS 
the Kngli*h language would lie proportionatelv i«T 
resented in the test. The hearing loss for '•penh e 
determined bv computing the difference in deriM* 
between the individual Intelligibility threshold an* 
the normal threshold for that particular q>«‘ r ' 1 
test. Discrimination losfi for speech represent'- * ’* 
difference between the Maximum ariiciilalion 
at a high intensity levelit KM) db), expressed in P ,f 
cent of units identified, and a wore of IMS 
measure of diwriminat fc»n loss is important in | ^ 
tinguishing between conduction loss and n* f 
deafness. ^ 

Bone conduction audiograms are rt»mp» fW * ^ 
air conduction audiograms in order to ana v;r 


nature of deafness. lenses in bon** conduc tion her 
inft generally imply nerve deafness, a * ( „ nlras| ' ( . (| 
to middle-ear or induction deafness. Srr Fah 
Audiomat ric tasting. A.idi.»meiric 
justed to meet various needs of individuals. Srho.,1 
audiometry makes possible rough determination „f 
hearing loss in children who can thereafter be 
tested with more prec ise technique* if so„,e |„,s i* 
found. Audiometry can Ice extended to assessment 
„f hearing in very young children who c annot .peak 
or follow direction*. In such cases, c ertain reflexes 
such as the psychogalvanic skin re flex, are eondi 
tinned to sound. Subsequently the presence or ah 
«ence of the conditioned reflex can he ij.ed to indi- 
cate whether or not the child hears a particular 
mund. Voting children can also he trained to pres, 
buttons to get a reward when sound, aie present. 
Thereafter the occurrence of the learned response 
in relation to a test sound is used tic determine the 
thre.hold of audibility. See DrxiM.ss; Hmkisc.; 
l.Ol IlM.ss : I'syc Itccc.yi.X XMt HIseciNst.. |k.i.s. ! 

ItihlwnraphY : I. J. Hirsh. The Meiimiement of 
H<arin/i. l‘)R2. 

Auger effect 

\n internal photoelertric print*— in an atom in 
whi«h. for *'\n :.plr. instead of the • minion of a 
-irigb* rharacterKtic x-ra\ fmm the tilling of a \ a 
< am v in the K shell of rlettmn* h\ an fieri run 
from a higher shell. an additional elertron from 
the f.. XU . . • shell is emitted with a kinetic m 
f*rg\ tMpjal to the energy of thi* x ra\ minn* the 
binding energ\ of this netted electron Sich an 
elytron is railed an Auger elertron. If the A’^hell 
vdrarm is in an atom of high atninn nmnher /. the 
return to the normal state ma\ involve the rrni— ion 
of several xra>- and Auger eleitron*. That frat • 
lion of the vui anries in am elertron shell that : 
filled bv this Auger process i«. railed the Auger 
M»*ld. pmt as the frac tion filled with u< « ompanving 
'■rav emission is the fluorescence >ield u«v \-nu 
m <>R*<$n-\Tt: anaI.iMM. The Auger effort is ^ome* 
limes railed autoioni/iition 1 w.w w. j 

Augite 

The general name given to the monccrlinic pvrccx- 
which, although close to the diopsidr heden- 
hfrgite solid-solution series, mav contain some of 
the cnstatite-ferrosilite solid-solution furies, as 
W HI as aluminum. The generalized formula i* 
fU.Mg.Fe) (Mg.Fc.ATi ( Al.Si) jO*. Solid *>1 lit It 
armite NaFefSiCMa also occ urs. Chromium 
an <l titanium eon be major constituents. Set PY- 
ROXENE. 

Augite usually orrura as dark green to black. 
*tubby. prismatic crystals, often of octagonal 
0,J *line with the 87° pyroxene f 110) cleavages. A 
prominent Parting is often present (a pseudocleav- 
a * f P ar »Hel to twinning planes or exsolution 
Pane*) parallel to (100) that can confuse or olv 
cleavage*, Such ntigite crvslals are 
a f d diallage. Augite is difficult to distinguish 
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s *' ri 'S howcver! y calic!um d ' ,i " psid, * h | !<len ^rgite 

rocks and hiuh-temr Pyroxenes m volcanic 

usually augite. A den”. 0 ^ me,amor f’ hic rock » are 
rif h variety called st, * r ® en ' sodium-aluminum- 
mineral , e, |f • f " 8 -•>«*c.er«Uc 

.pvrope, VZl “ af T atcd wi «»> ««■* 

olivine <»nhopw« x . n . *‘ lh au « ile are 

amphihule See it, ’ pl £ eon,,c > plagiodase. and 
... , I, 1 E " stat, «; Orthorhom- 

mNL ’ p| t.KONlTK. (C.W.O.J 

Auk 

*° ,he , Kreat auk > ,Hn ^ *»• 

and "• ,,e razor-hilled auk. A lea torda. 

S;::::: auk k ,,w a mim ,i^ r .,„ d 

1 rwater dimmer. ,t was flightless and unable 
- np man, who hunted it for its flesh, eggs, oil 
■md feathers. It was last seen in 1842. 




The rozor-billed auk, Alca torda. (a) Details of the 
heod 'courtesy Or. Alfred O. Gross, National Audubon 
Society ) <b) Full view (courtesy Prentice K. Stout , 
National Audubon Society). 


The razor* billed ink is sooty black above, except 
for the dark brown head and neck, and white be- 
low. It nests in the North Atlantic and adjacent 
regions, wintering near the limit of open water. 
See Char adriiformks. [j.d.b.] 

Aulodonta 

An order of Euechinoidea proposed by R. Jackson 
in 1912. It included forms with grooved teeth and 
on open foramen magnum in the lantern. J. Dur- 
ham and R. Melville (19571 abandon the group as 
poKphyletic. » Diadem atacea; Diadematoida; 
EmisoTHVRioiDA: Ei fxhinoidea. |h.b. .j 


Aureole, contact 

A Halo or tone of alteration surrounding a body of 
igneous rock (such as granite or granodiorite) and 
presumably formed by heat and emanations from 
the igneous mass. Aureoles are usually not more 
than a few thousand feet wide. They may be de- 
tected by mineralogical or textural changes in the 
surrounding rocks (country rocks) which become 
progressively more intense as the igneous contact 
is approached. The aureole, therefore, represents a 
shell of changed or metamorphosed country rock. 

Aureoles are generally most pronounced where 
developed in previously unmetaraorphosed or 
weakly metamorphosed rocks. They may not be 
detected where impressed upon intensely metamor- 
phosed rocks. Shale and limestone generally show 
a more conspicuous aureole than does sandstone. 
The metamorphic effect around small igneous bodies 
is generally less extensive and intensive than that 
around large ones. The country rock against small 
dikes and sills may only be baked or indurated, 
whereas against stocks, large sheets, and laccoliths 
it is usually recrystallixed. See Pluton. 

In the outer part of the aureole, recrystallization 
may be highly sporadic and restricted to certain 
minerals. Further inward it may be more extensive; 
and small grains may integrate to form larger ones, 
giving rise to coarser textures. Reconstitution may 
entail the formation of new minerals f neoraineral- 
ixation) from old ones. Thus, biotite. pyroxene, 
andalusite, or cordierite may develop at the expense 
of original constituents. As might be expected, the 
higher temperature mineral assemblages appear 
nearest the igneous contact. 

Reconstitution in the outer part of the aureole 
may be indicated by the presence of small spots or 
knotlike aggregates of new * minerals, which have 
grown by accretion, or by the formation of large 
scattered crystals ( porphyroblasts ) . In addition 
thin flakes of mica may grow along bedding planes 
or schistosity to accentuate the fissility of the rock. 
Rocks exhibiting these features are known as 
spotted and knotted slates and schists. See Cleav- 
age, ROCK; PoRPH YROBLAST ; SCHISTOSITY, ROCK. 

Well within the aureole, where recrystallization 
and neomineralixation are pronounced, old struc- 
tures (bedding or schistosity) may be obliterated. 
Crains tend to become equidimenaional with little 



6338 limestone ES3 lhole sandstone 

G2D ore bodies Pi£3 contact aureole 
fT«Tfl granite with inclusions of country rock 


Contact aureole around granite. 


or no preferred orientation. The pattern of Kra j n 
outline is that of a mosaic, and the rock is called 
hornfels. In addition, a hornfels may carry numer- 
ous scattered porphyroblasts. See Hornfels. 

As a rule, reconstitution entails relatively |jtt] e 
change in bulk composition within the rocks. There 
is, however, a tendency for water and carbon diox. 
ide to be eliminated and in many cases for volatile* 
(boron, fluorine, and chlorine) driven off from the 
crystallizing magma to be taken up or fixed in nev* 
minerals (tourmaline, fluorite, topaz, and scapolits) 
in the country rock. Large quantities of iron may 
have been introduced into certain limestones to 
form deposits of skarn (rocks rich in silicates of 
calcium, iron and magnesium). Magnesium may he 
introduced to form cordierite-anthophyllite rock*, 
and some ore deposits may be formed in the aure- 
ole by addition of material. Aureoles developed 
about some diabase bodies have been enriched in 
sodium. See Skarn. 

Alkali feldspar appears to have developed in 
abundance near some granite contacts because of 
introduction of alkalies from the magma. Fre- 
quently this feldspar forms large crystals (por- 
phyroblasts) which replace earlier minerals in the 
country rock and inclusions within the granite. The 
fact that these porphyroblasts appear identical with 
large feldspars in the granite suggests that the 
laUer feldspars are also of replacement origin. Thi* 
relation, furthermore, is believed bv some petrolo- 
gies to indicate a replacement f rnetasomatic ) ori- 
gin for the granite body as well. .See Mktanom* 
tism. 

The inner boundary of the aureole (against the 
plutonic rock) may be sharp or transitional. Along 
some contacts abundant fragments (inclusion-' of 
country rock appear to have been ripped of! and 
enclosed in the granite, and apophyses I offshoot- » 
of granite extend well into the country rock. Along 
other contacts, notably where granite come- agam-t 
well-bedded or foliated rocks, migmatites (mixed 
rocks) have developed. Some of these may repre 
sent injection gneiss, produced by intercalation of 
granite magma between thin layers of country rode. 
Such rocks (arterites) are difficult to distinguish 
from veinites, in which the granitic layers ha\r 
been sweated out of the adjacent rock, or from re* 
placement migmatites, formed by introduction of 
granitic material mctasenutically. See Milmatih . 
Xenolith. 

Changes are generally most pronounced within 
a very short distance of^the contact or in inclusion- 
in the igneous rock. Magma tends to read wit 
this foreign material an^d to convert it into miners - 
which are stable in tha? magma itself. Thi* conver- 
sion generally involvesfan exchange of constituen 
ions between fluid (magma) and solid (inclusion*' 
and is simply expressed by what is known a« f e j 
reaction principle. See Magma. 

Incorporation of foreign material, therefore, m 
result in contamination of the magma and con 
quant crystallization of unusual minerals ' rom . 
melt. Digestion and aaaimilation of great qu»n 



f foreign rook may cause wirh a marked <bangc 
1, a „ entirely different r<*k »>!>'• i- 'fated. 

Along many igneoua contacts reaction between 
A and country rock ha* produced hybrid 
k type* of varying composition. Thi- pheimme- 
,,W i* atrikingly exhibited where gtanite i, -epa- 
’’ rt ” I front older gaitbro by a /one ol hvhiid i«i 
r rite ".narta diorite, and granodiotiic. Mud, 
lUl *'rial in this intervening //me may rcpic-mt 
’"rtinai magma, contaminated by non. magm-ium 
I calcium: but much may represent -lid •<«* 

i i,v metasomatism to more gtaiulu type-. 

‘"('.m act aureoles around granitic bodies hate 
.rionsiv interpreted. V . otding to one inter 

; " tmagmatie*. they tepresen, halos w „■ 

|,r u thermal t formed around b.liusioi.s ..( molten 
’“’l 1„ another (mria-math t. they a.c /one- o 
,0 ‘ K ‘ . riM . k formed bv an advancing viaw *d 
tirn'ranite repents the hn.,1 piod 
li,ilB f tlii- trunslotmalioii. From tliis tiewpoint as 
' ", (|lli -i.e material takes it- pUe ut the -olid 
V t «rm granite, unessential constituents m.-u 

r ‘,U «l iom. iron, and magn an. t are expelled 

J t ,t become fixed in the siiitomidmg region oi 

""" . process, is held responsible lor reeon-t.tu 

st-Eu* 

s M . (.iivNniMnov 


Australia and New Zealand 669 

flat a from spare probes surest that the intricate 
bum*, must often seen may be protons and elec- 
trons acting together as a plasma which circulates 
ihniii^h tlu- outer geomagnetic field and partially 
ph < ipilato into the* atmosphere. While the aurora 
is '•till largely a invstcry. thesp studies have in- 
ciejM-d hopes for a more comprehensive under- 
standing oi its processes in the forseeable future. 
See Ai.honomy; Atmosphere; Atomic Structure 

Wli SlM.MIU; ( » EO \T \CN KT 1 SM 1 IONOSPHERE; 

lV\sM* l*HYs|( s, 

[j. W. CHAMBERI MN] 

nibliagraphy: J. W. Chamberlain, Physics nj the 
■iurora ami UraUnc, 1 % 1 ; L. Harang, The Auto - 
rac, 1951 ; C. Stdrm«*r. The Polar Aurora , 1955 . 

Australia and New Zealand 

1 ands wiiuuled in the Southern Hemisphere, with a 
total area < r-speclively 2 . 918 . 1166 . plus 26,215 for 
1 .iMiunid. and 101.116 square miles) somewhat 
lesw than that of the United States. Numerous small 

_ . . >r i l 1 . 


islands lie nil their coasts (sec Table 1 ). Bounded 
on tin* \\t*t h\ the Indian Ocean and on the east 
l.\ the l\u ific Ocean, they extend from 10 to 53 °S 
and fimii IliVEto \\. 

Australia. This Mand continent i> generally ot 
mnarkahlv low elevation and moderate relief. 


Table 1. Land areas, square miles 


Aurora 



ing roughly -» * ,.i„n il!\ extend l» "" ,1 

“'S' y hll I,.,, a 



.Piter.!- occur a- high a)t ,(KHl kl " , ... “f or 

bidder emi-iem of atomic oxygu. a ^ ^ 

-item, (At. Kx.cptionally M* ■*« 
trom 0 line- at 6300 an '| *' ;(11< | up 

high aurora, seen near twilight ate - { ^ ^ V| . n 
l» at violet from fbiore-cence in • - ; ^ km 

bright display, —met line- rca< n 
.ad -how red lower border- from 
'H*uw Atmospheric iontalwn #WH Jj! ' . mT a \,. 
dumiu often produces anomalous »< ionosphere, 
^•rptinn of radio waves traversing 11 . ^ { 

It i, helievod that aurora; are r.u^ ^ 
ptotonv and flleetroiti* ejected frum u 

- «k» r: M,v - . « 

I'articlc. arc controlled by. a«d J* . 

"'•lie field. Their Imrabardmenl of the b«K 
1 ‘hcrr excite* oxygen and nitrogen * a< “ ^ wc u 
,r «»- Details of this process* however. ^ 

'tniWuood. Single-particle Interaction ra ) 

fi «'d probably account* for wW «• ^ ^ ^ 
recent developmenH in pla* ma I 
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Tasmania 

New Zealand 

North Id.cnd 

Soutti Island 

SO-vrar* lsl.md 

Chain:*** Wanda 

Kermn* 11 * Islands 
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Other small uninhatnted i»h«'ds 
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Threcsfourth* of the land mass lies between 600 
and 1500 ft in the form of a huge plateau. A cross 
nee t ion from east to west shows first a narrow belt 
of coastal plain, then the steep escarpments of the 
eastern face of the Great Dividing Range, stretch- 
ing 1200 miles from the north of (Queensland to 
the south of \ ictoria t Fig. 2« and b I . The descent 
on the western slope of the Dividing Range is 
gradual until often elevation in the inland basins is 
below sea level, rising gradual!) again across the 
great plateau until the low range* of western Aus- 
tralia fringing the plateau are reached, and beyond 
these lies another coastal plain. With the excep- 
tion of the Gulf of Carpentaria and ('ape York pen- 
insula in the north and the Great Australian Right 
in the south, there are few striking features in the 
configuration of the coast ( Fig. 2a). Australia uui) 


conveniently lie divided into three great *lriict„ r;i ( 
and lumlforut regions ( Fig. 2b). 

Hast Australian Highlands. A narrow plain 
tends north and south along the eastern coast. M .| 
dom more than 00 70 miles in width, and <u t i«sj IB|) 
all) on!) a few mile* wide, but broader in the 
than in the south. Flanking the plain are the M .,, rs 
of ranges ami tablelands making up the Cumi |), 
viding Range < Fig. 2 a and b). In the south tJl „. 
branch sweeps west waul through Victoria. w|icir l|H 
the main branch continues due south, inlet rupp-il 
b> the waters of Bass Stiait. and terminates in I,,, 
mania. F.le\atioiis arc low am! the highest peak. M( 
Kosciusko, is 7.528 ft. \ few other peaks u*.e <t |, 0Vr 
5(HH) ft i Table 2>. This i* a region of nm iem 
tain* and of old and haul rocks that were 
in ielati\el\ remit geological times us tl \ 
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Table 2. Mountains, summit elevationi in feet 


Australia 

Kohi hikIui (New South W nl«*M 
Townm'iid (New ftualh Wcdem 
IkiiroitK (Ait loiia) 

Featlirrtop (Virioriui 
llarll* 4 Fr«*re (Uoit«tihliunl) 

Tasmania 

('rmllt 1 Mountain 
New Zealand 
(' North l*htt»L 
lllIMpelll! 

I'.irmoitt 

NjraunihiM* 

ToiiKHriio 
(South Ulimil' 

( !onk 

| ilHIIIill) 

I lumpier 
SillH-ihorn 
I i**iuh'nfi'l*ll 


7..J2H 
7.2 V* 
♦»,7no 
heliOll 

" *Wi~ 


», I Ml 


<U77 

H.2MI 

h.r,u 

12 :it<* 
11.177 

I I. 287 
10,777 

III. 170 


plateau* and low mountain ldo< k*. \< di**n . 
tjoii b> numerou* ‘•hoi! river- ha* prodmed .1 |, ro . 
ken “iirfarr of deep v.illev- :«n«i goige- <,n the 
eastern *lnpr*. lull few of till*-** give anes. |« » jj M . 
inlet ior. for mo*t lei initiate ahropllv m nwkv 
t lifT-. or tut n and run parallel to the toa-i. Oihn^ 
run hai k to high plateau* or “tri p -ided. ha/v blur 

ranges. the whole laigelv covered with a grav |.*j- 
t*‘t of ruealvpt-. 1 In* 1 * the hr*t watered region in 
\ij'tr<ili't.and some of the live? -\ - 1 #*iu- .m- ,,f , ,, M . 
-niri.ilih* *i/«* i I al»h* i » . 

h.U'tiot Lou hind Hawns. The inland La-in- min. 
pri*e <1 region of sedimentatv ro« k* vnIu» h oieupte- 

Table 3. Principal rivers, lengths in miles 


Australia 

Darting it hu*«Mislun«1 and New **outh \S ilo* 1700 

Miirr»> Aii ioriii .mil Ni h N»ui|» \\ «tl< * louti 

Miirruiuiiiiliti'i' (\i*h **m»I|i \\ ule* lt*7il 

l.iirhtiiii < South \S .ill"* H7 o 

Hinder* »Ou‘Ni»sl.m<l 1 720 

DiHmnutitiH iHueensluinL P>H 

Murelmon lUrntrrii \iiM» ulia ■ tin 

Hurdekin ti^uretudonil tto 

Hii!I(m) < <>ueen*liui<l' .|7o 

Mitchelt ipuirnpiliui(l< 3.70 

Tasmania 

Nmth F,*k I 2 ii 

North Kink 1.7 

laniar i from i^nilUirncr of North mid 

South Kak> 10 

1 1 «um io7 

lh*rwent 107 

t lOHofl 0(1 

N «w Zealand 

4 North Uland t 

Waikato 270 

W’atiganui IHO 

K*mriltkri 130 

Manaeatu 120 

<s °oth Island > 

fjlnlha 210 

Taieri 177 

Mutuum 1 10 

_ Wailaki 133 


vy>' 


► North Cape 


mountain* 


NORTH 
ISLAND 


40'', 


I ^ep hill 
I country 

• plateau 

| ] 'Jownland and 

' * * — ^ hill country Capa/ 
P " "I . Egmont 

j P '™ Cape Farewell 

Tasman Seo 

SOUTH 
ISLAND 


Coromandel 

Peninsula 

East Cop*. 


45" 




)Hawke Boy 


Banks 

Peninsula 0 

\ 


Canterbury Bight 


scale of miles 
? 00 0 100 

'HKUJ3J* — 1 


200 


1 70 r 


175° 


Fig 3 Map of New Zealand landforms. 

• •ne thml «d tin* lontiiuMit liriwmi the western 
-l'»pr .,| the highlands and the inner east- 

ern margin i»l the dticien! shield wliieh form* the 
\\ extern Plateau i Fiji. 2 a and h). Little land is 
••w r >i id n ami -nine uihout Lake L> re i iw heluw 
"•a h*\el Low ri-»*- separate three extensive drain- 
.t«e -tents : mie drain** north to the (iulf of (Car- 
pentaria: the Lake K\re ha^in h one t»f inland 
draiiiagt*-. and the third, the Murrd> -Darling hasin. 
i- drained to the *outh. Exrept where the low 
Min- 1 Hairier, and Ml. Lttflx ranges 4iarpl\ 
break i 1 *. 1 surtaie in the ninth, the lowland i* a 
«lt\ and monotonous expanse of »*j\ anna-woodland 
and hi'Miik ero^^ed more often h> broad, incited. 
d?\ n\er beds with oet asional oxhow lakes ihilla- 
Imnp^ » than 1*\ risers of running water. The river* 
«d the Mtirrav -Darling basin, draining the we-tern 
s|i»pi‘s uf th«“ (ireat Dividing Hange, have a marked 
'fMMinnl variation in How but never drv tip in the 
lower t earlier South Australia‘s **hall(»w lakes are 
more often div expanses of enerusled white *alt 
than bodies of water the result of low rainfall and 
high ev apor.it i n i Table 4i. In most part* of the 
region water mun deep arte-ian wells i* available. 

U rsft'rn Plateau. This laigesl area onupies al- 
imM three-fifth* of the rontinrnt and is a great 
vliield of ancient rock* landing 7. r i0 1S00 ft high. 
Mm h of it i* buried in desert sand and onl> a few 
• idges of ancient mountain** f*uch a* the Maedon- 
md md Mu*grave range* I break the monotonv of 
the pl.iioau *tirfa<-e. The <and i» arranged in ridge* 
high a* SO 60 ft. i mining remarkably parallel 
I,. i gi rat diMan. e* northwest t<» *«mthea*l. I he 
,idge* are more permanent feature* of the and 
1 md*eape than are the migratory dune* of other 
de-ert* b«al ephemeral stream* form a nel of m- 
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Table 4. Principal Mm; mm In square miles 


Australia 


Kyre (South Australia)* 

2470 

Torwi« (South Australia)* 

2230 

(•Atrdoer (South Australia)* 

1840 

Frame t South Australia)* 

930 

Corengamite (Victoria) 

90 

Tyrrell (Victoria) 

60 

George (New South Wales) 

60 

Menindee (New South Wales) 

60 

Nerrsn (New South Wales) 

54 

Tasmania 


Great Lake 

44 

Swell 

19 

Arthur 

17 

St. Glair 

17 

Echo 

16 

New Zealand 


(North Island ) 


Taupo 

238 

Hotorua 

32 

Wnirarapa 

27 

Waikaremoctna 

21 

(South Island) 


Te \nau 

132 

Wakutipu 

112 

Ellesmere 

107 

Wmiiika 

75 


* Shallow nail pafiA, srntioniiUy dry 


land drainage to scattered *alr-lakc basins. The 
limestone Nullarbor Plains, skirting the Great Aus- 
tralian Right, are both treeless and riverle**. Onl> 
in the southwestern corner of the continent and 
along the northwestern coast is rain fall sufficient 
to support a aolerophvll forest of eucalvpt* and a 
monwx>n woodland respectively, each giving wav 
inland to a succession of savanna, desert shrub* and 
steppe. In the north coastal tivers are of consider- 
able size but change from flooded torrents after 
rains to a succession of water holes in dry season*. 

Tasmania . Tasmania is a small mountainous is- 
land lying 150 mile* southeast of Australia aero** 
Bass Strait. The island is structurally similar to 
the East Australian Highland*. The dominant fea- 
ture is the central plateau, falling from a general 
level of 3500 ft in the northwest toward the south- 
east. Its lake-studded surface is drained by the Der- 
went River I Table 2). To the west and south the 
plateau rise* to 4000-5000 ft in a range of rocky 
mountain*, but to the north and east it i* much 
lower, and terminates in bold scarps about 1000 ft 
high which overlook the Tamar-E*k river lowland. 
On the northeastern side of this valley lowland, 
an isolated block of rocky highland* includes the 
highest peak (5160 ft) in Tasmania (Table 2). In 
the southwest, the Gordon and Huon river valleys 
separate the mountains fringing the plateau from 
another outlying series of low mountains rising 
about 3500 ft A dense eucalypt forest covers mo«t 
of the island except along the wetter west coast 
where beech forest predominates. The rivers have 
short and rapid courses with little seasonal varia- 
tion In flow (Table 3). 

Ittar Zealand. This is a land of high mountains 
and deeply dissected hill country in marked con- 


trast to Australia in the elevation, variety, am j 
youthfulness of its landforms (Figs. 1 and 3). The 
two main islands, narrow and elongated. haw- 
lengthy coastlines in proportion to their area* 
Sheltered bays, harbors, and sounds, with wide 
sandy beaches, fringe the east coast. The west 
is ruck strewn and bar bound at harbor and river 
mouths. In the south the coast is indented with 
deep-cut fiords. 

Two-thirds of New Zealand lies at an elevation he. 
tween 650 and 3500 ft and nearly as much of the 
surface is over 3500 ft us is below 650 ft ('fa- 
ble 2). Mountains occupy more than onehulf of 
South Island and fall into three diMimt pun- 
distinguished front each other hy their rocks, land- 
forms, and geological history. The southernmost 
portion, along the west coa»l, i* the ancient crystal 
line inass of Fiordland with its deep *teept> walM 
cany on-like valley*, occupied on the roa*t h\ salt 
water fiord* and inland bv fresh water lakes tTa 
hie \ I . Fast of Fiordland is the mountainous inte- 
rior of Otago made up of steep-sided fault hlo<k- 
with gravel- floored basins. By contrast with Fiord 
land, which i* the wettest part of New Zealand, this 
i« the driest, and the basin floor* are e*pei jyflv 
desertlike. To the north extend- the Micir**inn uf 
lofty alpine ranges which comprise the Nniiliein 
Alp*, built of indurated but much jointed blue gra* 
sandstone. Many summit*, mantled with permanent 
snow, are «U»ve 10.000 ft. and the highc-t peak 



Fig. 4. View of one of two geothermal power P« n 
under development in Now ZeolendN North van 
Many feeder lino* coliact the mixture of hot wot*' ® 
steam Into lira main JKMn. pipeline* loading 
now powor plant. 


3 



ftg 5- View °* * ,eom in process of being Woirokei geothermal power development. (From Eng. 

copped for piping to power plonfs in New Zealand s News-Record, 162 )7).44-46, 1959) 


Mi ('.Mok. b 12..UM ft The range- are penetrated 
|>v -.teepwallcd l shaped \.«llew vuih glauer* 
?r*a* hing *<» within a few rnilf'** « • t lli ( ' l '°a , ‘t * 1 r i lb*' 
v*t. The major glav irr* of V»w Zealand and thru 
length in mile* are a" follow*: lawman. 18: Miirch- 
iMm. il; Fn\. 10: Mueller. 8: Fran/ Jo*e(. 8. In 
the •■«’»!. glacier* give wav to river* that flow in 
mile Hide shingle bed* aero** the low land". In the 
North bland a belt of mountain* of a general ele- 
ction of 1500 ft lie* to the ea*t. but -now t.oer 
i< atonal and sparse mi lhe*e bu*h -clad range-. 
Three active volcarute*. Ruapehu. Ngauruhor. and 
Tunjtariro, stand in the rente? of the bland at tlu # 
•**uth end of I,akr Taupn. Much of the interior b 
ocrupifnl by an a eh- showered plateau, which con- 
tain!* active thermal area* t bring developed foi 
p*»wer generation f and numerou* deep. but "mull, 
'■rater lakes. The long North Auckland prniiM* 
a nd the western portion of the ventral part of the 
North Island is a MircesMon of deep \ shaped val- 
k' 4 * and gorges with high, sharp ridge* between 
them. 

In both islands lowland areas are small aod in- 
fluent and are found along the coast*: onU the 
f*anterh«ry and Southland plains in the Smith K 
ar »l and the Manawatu plain and the plains and 
< owns „f ^e Waikato Haitraki valleys in the North 
, n< l ® r * of significant sine. Numerous *horl and 
^dt-flnwing rivers drain to all roa*^ (Table TT 
* ,lh heavy rainfall and mild temperature*, pit- 
n t ,v «l New Zealand was densely covered bv a nrned 


rain fnre-l. dominated hv kauri in the north and 
l»ee« h in the -outh. The drier rain-*hadnw areas of 
th*’ ej-tern South bland, neeupied by tus«oek 
gra**lafid. wrrr the exception. Since the beginning 
of Korop, <n, ■ ^tt lenient in 1840 the greater part of 
the tv»re*t ar * ti**mk ha- disappeared. [K.«.r.| 
liihhofiraphy : Commonwealth Bureau of Census 
and Statistic*. Yearbook of the Commonwealth of 
iustraha. no. 44. 1058: Commonwealth Scientific 
and IndiMrial Research Organi/ativm. The Austra- 
lian Cm immnent. 2d ed.. 1050; k. B. Cuniherland, 
Snuthurst Pacific. 1050: k. B. Cumberland and 
J Fo\. V‘*n Zealand- A Regional lieu. 1958: 
IVpi. of Cetwi* and Statistics. Sen Zealand Offi - 
tU if ) earhook, no. f>4. 1958: Department of Na- 
tional Development. 4tlas of Australian Resources , 
P?55: State Economic Hanning Authority. Re- 
$ tonal Planning Atlas t Tasmania rl, 2d ed.. 19*7; 
T ( r. Tavlor. Australia. 7th ed.. 1959. 


higenic minerals 

h jg,nr*i- i> a collective term u«ed to indicate 
prmes«e- leading to precipitation of mineral 
... M ithin a sediment, or rock, following i - 
„ r .lace of development. Au.higenic minerals 
oener.it ed in place through process whidi are 

bulk of the rock material. Original } the term 

.r ed to development of secondary ~- 
.edimentarv rook* and wa* not 

in "T of mineral develop- 

d to designate the proie. v 
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men! resulting from metanuirphism and hydrother- 
mal alteration. I^ter the term was reserved to indi- 
cate precipitation of secondary minerals in sedi- 
ments and sedimentary rocks only, and no longer 
is it used in igneous rock terminology. To some 
observers authigenesis signifies development of 
minerals either in minor amounts, or in which the 
habit of occurrence is somewhat exotic; hence pre- 
cipitation of common vein minerals is excluded. 

Authigenic processes cannot be restricted to post- 
deposit iona I introduction of mineral matter hut are 
connected intimately with diagenesis. Certain min- 
erals such as anhydrite are precipitated during dep- 
osition. others such as pyrite during early burial, 
and still others such as muscovite may Ih* formed 
during late burial particularly if the strata are 
buried deeply. Reactions leading to the precipita- 
tion of minerals during deposition and late burial 
are oxidation-reduction t\ pes or those controlled 
by H-ion concentration. The state of oxidation of 
iron minerals and the precipitation of carbonates 
are important a! this stage. Reactions associated 
with burial and loading lead to dehydration, re- 
crvstallization of clay minerals and carbonates, 
wholesale addition of silica as chert, and introduc- 
tion of magnesia into the carbonate minerals to de- 
velop the dolomite lattice. The reactions invoked 
are sensitive to mass action in which concentration 
of ions in the interstitial fluids as well as elevated 
temperatures and pressures drive the reactions. 

Principal authigenic minerals are quart/, chal- 
. edonv. feldspars, carbonates such as cah’ite and 
dolomite, micas and chlorite, glauconite and related 
minerals, leucoxenc. sulfates, sulfides, tourmaline, 
zircon, and possibly garnet. 

Sedimentary cements are authigenic minerals. Of 
these the most important is silica. which is usually 
deposited as overgrowth* on quart/ grain-* but occa- 
sionally as opal. Opal cement is considered to lie 
associated with beds of volcanic ash which release 
silica to ground waters. Later the silica i- deposited 
in sandstone* as opal. Siderite is a common cement 
associated with sandstones and is precipitated also 
as concretions, particularly in shales. Preferential 
precipitation of siderite is associated with reducing 
environments and waters id high pH. Occurrence of 
authigenic feldspars, tourmaline, and zircon is com- 
monplace. but the conditions of their development 



Quartz crystal enlarged by secondary growth, f After 
Irving and Van Hire, ?M4; from F. J. Peffijohn, Sedi- 
mentary Rocks, 2d ed„ Harper , 1957) 


are not understood except that they are formed dur- 
ing late burial. When the chemistry of their p r ,.. 
cipitution is known they will he of value in estab- 
lishing the postdepositionul history of the sedi- 
inentarv rock. >Ve Piai.knkms. | K.« ■ i>. j 

Hibliofintphr : F. J. Pettijohn. Snlimmtai % 
Harks, 2d ed., l%7. 

Autoclave 

A pressure vessel arranged for heating and usual) \ 
for agitating the contents. Such vessels are used m 
provide favorable conditions for chemical rear- 
lions, for impregnating wood and other *uh*tauii*s. 
for sterilizing, and for cooking. They range fnun 
small laboratory sizes to large industrial pron^. 
ing units. Heat may be supplied by internal t oil-., 
bv steam or hot oil in a picket, or h\ electric heat, 
ers. Agitation is provided in various wav*. The eon- 
tents mav be stirred by u propeller driven bv a 
shaft which passes through a pa< king gland, or tin- 
entire vessel mav he rocked or given a linear rr 
ciproeating motion. This latter anangemtnt 
avoids passing u moving shaft through a parking 
gland, but the degree of agitation js somewhat lim- 
ited. The packing gland mav be avoided bv giving 
the shaft a reciprocating or dashei motion bv tin 
action of an indm lion coil on a magnetic plunger. 
The plunger operates m a mminagnetie tube rr. 
the vessel pressure. Ve Hn.H ritf^t Hf I'Koo^^ 
STKHII.I/X I ION. , KV\ « n 

Autogiro 

\ tv pe of ain raft whirh utilizes t » lotating vmiil: 
j rotor) to provide lift. An .tuiogim i* similar to i 
helicopter. I>nt uses a t otncntional engmr-piopt i 
ler combination in addition t<> the rotor to puli tin 
vehicle through the air like a fixed wing airei.ui 
Lniike the helicopter, the autogiro rotoi ttlu* re- 
voking blade s\q ( -r»t maintains its speed of rot i 
lion in the air because of the aerodv mimic fon «•- 
acting upon the rotor blades and is without dm«t 
mechanical drive from the engine < autorotation i 
All the power required to maintain flight is siq. 
plied through the propeller of the autogiro at the 
front i tractor tv pel or rear t pusher type) t>f the 
fuselage. The rotor is thereby pulled through tin* 
air and creates a lifting force. 

In the latest development, control of an autogiro 
in pitch and roll is effected b' lilting the plane *»t 
the rotor, and consequently the lifting force, either 
longitudinally or laterally. conventional rudder 
i«* used for directional control, 

fn early autogiros the ri^or was started h' 
low-powered geared connection with the engine to 
bring the rotor up lo spred irior to take-off. I hi- 
led to the development of the^jiimp take-off feature 
Tlilx involves the ovetspeediifg of the rotor on tin’ 
ground with the blade* set ft zero pitch and tin* 
subsequent use of this kinetic energy stored in tl» r 
rotor to lift the machine into the air l without *• 
ground roll | by a sudden inrreaae in rotor-bludc 
pitch. 



engine-driven rotor 

l 


reduction gear 


overriding 

clutch 

engine 



,n 0‘ universal 
ciulth and joint 
cooling fan 


oerodynomicolly-driven rotor 
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matic sextant observes the celestial body, and liq- 
uid levels or gyros provide the celestial horizon 
reference. 

System operation. Figure 1 is a block diagram 
of typical automatic astro-tracker operation. Lati- 
tude and longitude are provided the automatic 
avtro-trar ker system either automatically through 
sm o linkage from another subassembly of the 
navigation system or by the navigator, who sets 
in values using a hundset control. Declination and 
sidereal hour angle of the celestial body are set 
hv the navigator; this information is obtained from 
the Nautical Almanac or the Air Almanac. A 
Greenwich hour angle drive mechanism is set to 
the tabular angle given in either the Nautical Al- 
manac or Air Almanac for the correct Greenwich 
mean time. The Greenwich hour angle mechanism, 
once started, is driven by an accurate time standard 
either at a solar rate 1 15°00' per honri 1 

real r»»« M r " 


Companion of tha in-flight loodod dynamic compo- 
nontt of o typical outogiro and halkoptar. 

TV autogiro *’** aeveral inherent advantage It 
,< capable of take-off and landing in a shorter di.- 
than the fixed-wing airplane, and when 
equipH with the jump take-off feature, no ground 
toll i» required. The autogiro i* capable .»( level 
runttolled flight at extremely .low .peed, on the 
„rder of 20 mph. It i* merhanirallv simpler than the 
helicopter, as »h«wn in the diagram. An autogiro. 

, inlike an airplane, cannot be Mailed. 

Among the disadvantage* of the vehicle if that 
nv.peed performance i* limited a- compared to an 
airplane, although it is capable of living ‘lightlv 
laMer than the helicopter. It cannot hover a* can a 
helicopter. Autogiro development i- receiving re- 
newed interest hecau«e of a Inller apprenat.on of 
it. advantage* and the recent increased demand 
fur abort- or vertical-takeoff aircraft. Ve Hr.uor 
m . 

Bibliography : W. I. UP**' flight «" ruUtmg 
wings. I Franklin Inst., 222(91:255-28*. 1W: 

I Shapiro, Principle of Hrliroptrr F.ngincmng. 

m. 

Automatic aatronavigatlon 

Navigation using an automatic a«tn*-tracker. a *>* 
tern which compute* the position of * *" r 1 

hodv relative to an observer, searches out the body, 
track* it automatically *nd accurately, and pro- 
vide* the observer'* terrestrial position. 

Any aatrn- tracker *y»lem *«Kes the same cele«- 
lial problem a* a human navigator f *** ‘*J-| s 
xsvroaTionl. Since the function* are iden ua * 
Mvigator and automatic astro-tracker 
mwponenu ol the automatic artro-tracker 
•Im be similar to the method* of the human nast- 
Wm. A computer wives the problem of stg 
duct Ion automatically and continuously, an an 


... in ue i 
.ric M. Almanac. 

Th«- computers combine Greenwich hour angle, 
longitude, and in the case of a star, sidereal hour 
angle to produce the local hour angle. Latitude 
and declination are changed to their complement, 
colatitude and codeclination. The three values — 
local hour angle, colatitude, and codeclination — 
represent the two sides and included angle of the 
celestial triangle. A computer then solves the 
celestial triangle for the third side (zenith distance) 
and interior angle (azimuth). Zenith distance is 
converted P- »* •“(implement, altitude, and azimuth 
is convened tone azimuth. 

The computed altitude is provided the star 
tracker unit through servo linkage. The true azi- 
muth is compared to the best available heading 
ref rent e of the vehicle. This companion produces 
a relative hearing to the body referenced to the 
heading of the vehicle. This value is transmitted to 
the star-tracker unit to position it in azimuth (see 

*' IhinAW, « |rfk»rf “"«* *« 

(hi* h«p|H>m. lh |em< which in turn cor- 

signal* 1° 1 0 n , ns. u( j f to a measured altitude 
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heading I accurate t<> • cone cted relative 
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Fig. 1. Block diagram of typical automatic astro-tracker. 
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Using a closed servo loop, the corrections from 
the tracker can be used to correct the values of 
input latitude and longitude. In this manner the 
latitude and longitude counters can be updated as 
long as the tracking telescope is locked on a celes- 
tial body. A method used with many systems is to 
set latitude and longitude manually while the auto- 



Fig. 2. Relationship of true hooding and true azimuth 
os measured by automatic ostro-trackor. 


malic astro-tracker system is locked on a celestial 
body. Latitude and longitude are changed until the 
altitude-intercept readout is zero, indicating that 
the computed altitude and the measured altitude 
are equal. This will update the values of latitude 
and longitude if proper consideration is given to 
the position of the tracked body. In both methods 
the latitude and longitude counters reflect a valid 
terrestrial position, which can be used by the 
navigator as a fix. In present-day systems most 
navigators select two or three bodies to update 
their counters to be certain of their validity. Using 
two stars, one due north of the vehicle and the 
other due east of the vehicle, an error of less than 
8 miles can be expected from the counter values. 

One of the most important considerations in 
making celestial observations is the establishment 
of a correct horizontal reference. Most automatic 
astro-tracker systems mount the telescope on a 
gyro-stabilized table. With stabilization, the track- 
ing telescope will measure the altitude and bear- 
ing of the celestial body regardless o| the attitude 
of the vehicle. * 

Computers. Some computers use programmed 
data, in which many thousands of celeptial-triangle 
solutions are worked out for a specific course and 
within certain time limits. All the computed values 
of altitude and azimuth are stored on a magnetic 
tape. When the vehicle is ready to depart, the tape 
drive is synchronized to the vehicle’s position and 





the time of depurture. This system is critical in 
that absolute synchronization must exist between 
the programmer and the tracker telescope for valid 
navigation results. However, this system is com- 
patible with certain missions, such as with a satel- 
lite where the orbit and launch time can be closely 
controlled. 

A more flexible system uses an analog computer 
to transform the spherical navigational triangle 
into rectangular coordinates and solve for altitude 
and azimuth. All calculations are carried out com- 
pletely by five electromechanical resolvers. Ac- 
curacy is of the order of <Y of arc for altitude 
computations and 8 / for azimuth value*. 

Another flexible system is found in the mechani- 
cal analog computer that ereates. in miniature, the 
celestial triangle. The inputs of local hour angle, 
codeclination, and colatitude drive synchro motors 
which position three axes of the analog. The po*i- 
tioning of these three axe* causes the movement 
of two hails, which in turn produce shaft positions 
representing the altitude and azimuth angles. The 
accuracy of such a computer is of the order of 15' 
of arc. 

Tracker. The star tracker evolved from the 
sextant, and like the sextant its basic functions are 
sensing and pickup. with the computers, there 
is great latitude in selection of a specific tvpe of 
sensing unit, or “eye.” for an astro-trucker. For the 
greatest degree of accuracy, the focal length of the 
lens system should he as long as practical. If tor* 
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narrow a field of view is used, the tracker will 
“hunt,” losing track frequently. Conversely, a wide 
field of view will decrease accuracy hut increase 
light sensitivity. Because of this, two optic systems 
are often used, the wide-angle lens being used on 
the initial search for the body and the narrow field 
of vision providing highest accuracy while track- 
ing. Errors of less than 0.5" of arc are considered 
feasible in tracker systems with little or no more 
sophistication than those presently produced. 

The lenses and prisms of the optical tracker 
must he carefully ground to provide the best star 
image across the entire light spectrum. On the 
other hand, when space navigation is considered, it 
seems more feasible to employ sensors seleeti\e 
to wavelength. From beyond the earth’s atmos- 
phere, infrared devices offer a unique advantage 
when sensing the cooler bodies, such as the earth 
and moon. 

The majority of trackers used today have optica] 
systems that are sensitive to a broad color spec- 
trum and capable of tracking all stars of 2.5 
magnitude and brighter f.vee Magnit :dk. stkg- 
l*hi. One s>* em. which is not fully automatic, 
has a tracker so sensitive it will track planets dur- 
ing the dav and stars of 5.0 magnitude and brighter. 

The pickup units, like lenses and prisms of the 
optical ^nsors. have considerable effect on 
tracker sensitivity, both in brightness and wave- 
length. A frequently used unit is the photomulti- 
plier tube because of the ease with which its gain 



F!g. 3. TK« AN/ARN-25 Airbem* Radio Saxtant. ( Collins Radio Company) 


6766 Automatic frequency control (AFC) 

may be controlled. It is possible to track the sun 
and the stars with the same system, simply by 
stepping down the gain on the photomultiplier 
when tracking the sun. 

The use of the iconoscope (see Television 
camera tube) as a pickup unit has revealed that a 
high-speed scan, which such tubes provide, gives a 
capability for tracking several stars simultane- 
ously. Research with other photodetectors shows 
some pf the advantages of the solid-state photode- 
tectors, such as lead sulfide, over the more fragile, 
complicated units like the iconoscope. If solid-state 
photodetectors are used, star trackers that are 
smaller, more reliable, and less affected by ambient 
temperatures will he possible. 

Radio sextant. Optical systems should not be 
the only type of sensing system considered when 
discussing automatic astro-trackers. Figure 3 
shows a radio system that has complete computer 
automation for sight reduction and uses a para- 
bolic antenna to pick up the radio wavelengths 
emitted by radiating celestial objects. This type of 
sensor has successfully tracked the sun and moon 
both day and night through clouds and even in a 
snowstorm. See Radio astronomy. 

Stable platform. Most tracker systems use a 
gyro-stabilized tracking telescope. A vertical gyro 
is used to measure the pitch and roll and produce 
signals either to correct the telescope platform 
back to the true vertical or to be combined with 
altitude and azimuth signals to produce a cor- 
rected alti'ude and azimuth. See Gyroscope. 

There are four effects that cause an erroneous 
vertical for the astro-tracker gyro: earth-rate pre- 
cession, transport dip, coriolis, and real preces- 
sion. In most systems these effects are nullified by 
computing corrections and torquing the gyro back 
to the true vertical. Real precession cannot be cor- 
rected. however, and gyro drift will affect the 
accuracy of the astro-tracker. One system has a 
gyro inherent error of 5' of arc. This gyro wander 
seems to he random in nature although it does ap- 
pear to have approximately a 2-min period. This 
2-min period corresponds to the random wander of 
an aircraft. In the case of the hand-held sextant 
this was negated by averaging the observation over 
a 2-min period. Navigators now have begun to use a 
mental average of intercept readings over a 2-min 
period for more reliable fixing with the automatic 
astro-tracker. [ e. p.e. ] 

Bibliography : E. P. Eaton, Jr., Star tracker, 
Navigation, 6:24-29, 1958; G. R. Mamer, High 
precision computer for automatic solution of the 
celestial triangle. Navigation , 4:281-285, 1955; 
G. R. Marner, Automatic radio-celestial naviga- 
tion, /. Inst . Navigation , 12(3,4) :249, 1959; D. B. 
Nichinson, An automatic astro compass, Naviga- 
tion, b(Z): 182-189, 1958. 

Automatic frequency control (AFC) 

The automatic control of the intermediate fre- 
quency in a radio, television or radar receiver, to 
correct for variations of the frequency of the trans- 


mitted carrier or the local oscillator. In high-fidel- 
ity broadcast receivers AFC keeps distortion due 
to detuning to a low figure. In the reception of 
long-haul telegraph signals, AFC reduces the error 
rate due to signal pulse distortion or interference 
from lower intensity signals in the same frequency 
band. 

Single-sideband receivers receive signals which 
are transmitted with a reduced carrier level as low 
as 5% of the sideband (intelligence) amplitude. 
Proper demodulation requires the generation lo- 
cally of a carrier- frequency signal synchronized to 
the transmitted carrier by AFC. Since propaga- 
tion at frequencies of 3-30 megacycles is depend- 
ent upon reflections from the ionosphere, motion in 
this medium will speed up and retard the arrival 
of the wave, causing Doppler-effect frequency 
changes. Transmission to and from speeding air- 
craft will also suffer Doppler frequency drift. To 
reduce these effects, the carrier is transmitted for 
synchronization so that the frequency difference 
between the carrier and side frequency is main- 
tained on reception. 

AFC techniques are varied, hut are mainly of 
two types. One uses a discriminator to furnish a 
voltage whose magnitude and polarity is deter- 
mined by the frequency change. This voltage is 
used to adjust the frequency of the local oscilla- 
tor of the receiver, thereby keeping the intermedi- 
ate frequency constant. The other uses pulse 
accumulation of two polarities which furnishes a 
dc potential in accord with the frequency error. 

To select only the carrier for AFC, very narrow 
handwidths are utilized. As an example, a band- 
width of 30 cps at 70# of maximum response is 
quite common. The response of the control circuits 
is usually designed to he slow and to be inactive 
below a determinable level of carrier input. These 
techniques reduce not only noise and interference 
but also capture by undesired carriers. .See Radar; 
Radio receiver; Television receiver. [w.ls.1 

Automatic gain control (AGC) 

The automatic maintenance of output level of an 
amplifying circuit by adjusting the amplification 
inversely as the input field strength, also called au- 
tomatic volume control (AVC). Almost all radio 
receivers in use employ AGC. In broadcast receiv- 
ers AGC makes it possible to receive incoming sig- 
nals of varying strength at nearly the same volume. 
In communications receivers, a type of AGC cir- 
cuit, called a squelch circuit, is used to prevent 
noise during short periods of no transmission, such 
as in the reception of on-off keying and AM 
phone. It is also useful in accelerating the switch- 
ing action between receivers in diversity connec- 
tion. See Radio receiver. 

AGC action depends on the characteristic, pos- 
sessed by most electronic tubes and transistors, of 
adjustment of gain by the variation o r the applied 
bias voltage. If the dc voltage applied to the con- 
trol grid of a vacuum tube is made more negative, 
the amplification of that stage will be reduced. 



In most broadcast receivers, the AGC voltage is 
taken from the detector. This dc voltage, propor- 
tional to the average level of the modulated car- 
rier, adjusts the gain of the rf and i-f amplifiers 
and the converter as shown in Fig. 1. There are 
many variations of this basic circuit. 

Perfect AGC action would provide a constant 
output characteristic for all values of input signal 
strength. A slightly rising output characteristic 
with increased signal strength is generally desir- 
able to facilitate proper tuning. The figure of merit 
applied to AGC action is given as the change in 
input required for a given output change. A good 
figure of merit would be that an 80-db change in 



Fig. 1. Block diagram of broadcast receiver using 
AGC. 
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Fig. 2. Block diagram of AGC of an audio amplifier. 

input carrier signal resulted in an output change 
of no more than H db. This applies to tire unmodu- 
lated carrier strength onlv, since the modulation 
of the carrier must always vary as the modulation 
of the transmitter. 

AGC circuits are also used in dictation record- 
ing equipment, public address systems and similar 
equipment where a constant output level is desir- 
able. Figure 2 shows a typical block diagram for 
such equipment. See Amplifier. [w.ls.] 

Automatic horizon 

Also called an attitude indicator, this instrument 
indicates the fore-and-aft and lateral tilt of the air- 
craft with reference to the horizon. The instrument 
is a gyroscope with the rotor axis mounted and 
maintained vertical, regardless of the attitude of 
the aircraft, by gravitational torques. The rotor 
unit is mounted in gimbals. In effect, it is a pendu- 
lum having a period of oscillation that is long com- 
pared with the time needed to make normal turns. 
This design minimizes undesired precession of the 
gyroscope during turns. See Gyroscope. 

The instrument indicates the attitude, or roll and 
pitch, of the aircraft. When the aircraft rolls, the 
trim indicator tilts as shown in the illustration, and 
the roll angle is measured by the angle between the 
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Automatic horizon or attitude indicator. (Sperry Gyro- 
scope Co.) 


hank index and the vertical index. In pitch, the 
horizon bar moves down (for a climb) or lip (for a 
dive). The angle of pitch is the distance between 
the horizon bar and the trim indicator. fw.c.B.] 

Automatic landing system 

The means for guiding and controlling aircraft 
from an initial approach altitude to a point where 
**afe contact is made with the landing surface. 
Such systems differ from low-approach systems in 
three major respects: (1) they furnish not only 
guidance hut control of the aircraft as well: (2) 
they furnish information on the aircraft's position 
with respect to the terrain below it and the rate at 
which the landing surface is being approached: 
( ■ ) they do not require the pilot to assume manual 
control near the ground. 

Two automatic landing systems are perfected. 
In one. developed by the U.S. Navy and called the 
radar-beam type, the position of an aircraft is 
determined by a ground radar which tracks the air- 
craft and compares its position with a prescribed 
flight path in a local computer. Only this system is 
discussed in this article. The second, the fixed- 
beam type, perfected by England's Blind Landing 
Experimental Unit and known as the BLEU sys- 
tem, makes use of the ILS system with guidance 
cables and a radio altimeter. See Instrument 



Schematic of radar-beam system. 
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landing system (ILS). Essential to all automatic 
instrument landing systems is the automatic pilot. 

The radar-beam system was designed to place 
the burden of space, weight, and complexity on 
the aircraft carrier, or at the air station in the case 
of shore application. The carrier landing system is 
comprised of a K*-band fire-control-type radar, a 
stable element, a data-stabilization unit, a flight- 
path computer, a monitor and display console, a 
flight-path recorder, and a data-link transmitter 
on the carrier. In the aircraft, a data-link receiver, 
an automatic-pilot coupler, an automatic pilot and 
a corner reflector are required. Automatic throttle 
control is also required in the aircraft, although 
not directly connected to the automatic landing 
system. The general system layout is shown in the 
illustration. 

An aircraft is flown through a prescribed area, 
called a gate, where the radar locks on and tracks 
the aircraft to the touchdown. The angular track- 
ing information of the radar antenna is fed to the 
data-stabilization unit. The information from a 
stable element is also fed to the data-stabilization 
unit to remove the effects of ship’s roll, pitch, yaw, 
and heave from the angular tracking data. The 
corrected data, which precisely locate the aircraft 
in space, are fed to the flight computer unit, where 
it is compared with a programmed flight path. 
Error signals are generated and converted to auto- 
pilot commands, which are transmitted to the air- 
craft by means of a ground-to-air data link. 

In practi e, the system uses a conical-scan radar 
antenna with a choice of vertical or circular polari- 
zation. A 4-ft reflector provides a beamwidth of 

0.5°. The radar operates in the 33.0- to 33.4-kilo- 
megacycle frequency band with a pulse repetition 
rate of 2000 pulses/sec and a peak power output of 
40 kilowatts. A corner reflector on the aircraft 
eliminates target scintillation. See Radar. 

An analog computer is used and 10 flight paths 
are preprogrammed to provide for the varying 
landing characteristics of aircraft. A constant- 
angle approach is programmed for carrier opera- 
tions; a flared glide slope can readily be pro- 
grammed for landings on an airport runway. A 
console is provided to monitor automatic ap- 
proaches; however, an AZ-EL display similar to 
that provided in ground-controlled-approach 
(GCA) systems can be used to “talk down” the 
aircraft if no data link is available or if there is a 
failure in the data link, coupler or automatic 
pilot. See Precision approach radar (PAR). 
Flight path, air speed, rate of descent, ships mo- 
tion, and impact velocity are recorded for each 
landing and may be used for debriefing pilots when 
manual landings are made for training purposes. 
Compensation is used to anticipate the position of 
the moving deck of the carrier, so that the aircraft 
will fly to the vertical position of the touchdown 
point at impact. 

The landing gate may be placed 2-8 miles from 
touchdown. Assuming a landing speed of 120 knots, 


the landing rate for aircraft may vary from 1 to 4 
min per radar. Production equipment will provide 
two radars, permitting the landing rate aboard a 
carrier to be varied from M to 2 min. For carrier 
operations, 68 per cent of the landings must be 
within ±20 ft longitudinal and ±10 ft lateral dis- 
persion when there is no deck motion. For heavy 
seas, longitudinal dispersion can be degraded to 
±40 ft. [ j.l.lo. ] 

Automation 

A coined word having no precise, generally ac- 
cepted technical meaning, hut widely used to im- 
ply the concept, development, or use of highly au- 
tomatic machinery or control systems. See Con- 
trol systems; Servomechanism. 

Concepts. Common concepts of automation are: 

1. Production systems so integrated that mate- 
rials move through the required operations with 
little or no human assistance. The degree or char- 
acter of control is not a criterion. Hence, automa- 
tion implies highly automatic manufacturing, how- 
ever achieved. See Open-loop control system. 

2. Control systems that automatically maintain 
machinery performance within desired limits. Reg- 
ulation is usually accomplished by control devices 
that sense the condition of significant variables of 
the system, and then translate this information into 
an appropriate command (feedback) to the ma- 
chinery control. Automation, therefore, implies 
control systems that adjust machinery, without hu- 
man attention, to yield the desired performance 
despite internal or external disturbances. 

3. Machinery that mathematically manipulates 
information (usually in the form of numbers), 
storing, selecting, presenting, and recording input 
data or internally generated data as required. 
Therefore, automation implies the application of 
computing machinery to the storage and process- 
ing of business, engineering, and scientific data. 
The term thus used is a synonym for data process- 
ing. See Data processing systems. 

4. Any machinery or equipment (or changes in 
product design, materials, or processing tech- 
nique), that reduces the labor content in a product 
or service. Automation thus is sometimes used as a 
synonym for technological advance that alters the 
former degree or character of mechanization and 
labor content. 

Historical development. D. S. Harder, of the 
Ford Motor Company, originated the ivord automa- 
tion in late 1946 to describe machinery then being 
developed by Ford to move engine blocks automat- 
ically into and from transfer machines, and to re- 
move large stampings from presses. <Ford formed 
the first automation department in April, 1947 and 
appointed to it manufacturing engineering special- 
ists called automation engineers. Automation first 
appeared in print in American Machinist, Octo- 
ber 21, 1948, m a description of the efforts of 
Ford’s automation group. It was defined here as 

. , the art of applying mechanical devices to 
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manipulate work pieces into and out of equip- 
ment, turn parts between operations, remove scrap, 
and to perform these tasks in timed sequence with 
the production equipment so that the line can be 
put wholly or partially under pushbutton control 
at strategic stations." 

Automation began to take on a new meaning 
with publication in 1950 of The Human Use of Hu- 
man Beings , by Norbert Wiener, Massachusetts In- 
stitute of Technology. Wiener credited the vacuum 
tube as being the major instrument of a new era of 
technological advance hy making self-regulating 
controls feasible. He predicted that automatic con- 
trols would make the automatic factory a common 
reality within 25 years, and conveyed to many 
readers that automatic manufacturing would he 
substantially the result of feedback control and 
computers applied to production machinery. He 
added that this would bring about a depression. 
These statements began to give automation an 
ominous tone in many quarters. 

Automation was defined by John Diehold in 
Automation — The Advent of the Automatic Factory 
as denoting both automatic operation and the proc- 
ess of making things automatic. 

Since 1956 the claims for automation as a 
unique and devastating innovation have declined. 
The dire predictions of automatic factories, of in- 
creased skill requirements for common labor, and 
of unemployment have not materialized. Progress 
in mechanization of any activity- mental or physi- 
cal -continues to be a matter of evolution. Auto- 
mation has become commonly accepted to describe 
significant accomplishments in this area. 

Contrary to many claims, progress in automatic 
production has not been solely or even principally 
due to feedback control of machinery. Gains in au- 
tomatic manufacturing come from five sources: 

1. Rearrangements of facilities and equipment 
to minimize distances to be moved and the manual 
handling required, and to enable one operation to 
feed the next. 

2. Changes to materials using manufacturing 
processes that are simpler or easier to mechanize 
(for example, use of sheet metal stampings for TV 
cabinets rather than wood). 

3. Changes to processes that are easier to mech- 
anize or that lend themselves to mechanization in 
multiple, simultaneous actions (for example, dip 
soldering of TV chassis connections). 

4. Changes in the product design that eliminate 
production tasks or that make them easier to mech- 
anize (for example, elimination of parts by rede- 
sign, or development of transistors to replace com- 
plicated vacuum tubes). 

5. More highly automatic machinery whether 
based on self-regulating control or not. 

Automatic machinery is, in itself, a vague and 
imprecise term. Mechanization of a system has 
three qualities: level, or degree of mechanical ac- 
complishment of all required actions; span, or ex- 
tent to which mechanization continues through a 


sequence of necessary actions without interrup- 
tion; and penetration, or extent to which second- 
ary or tertiary supporting tasks such as lubrica- 
tion, set-up, and repair are themselves mechanized. 

Levels of mechanization. Seventeen levels of 
mechanization have been identified: 

1. Hand. Body members are used to perform re- 
quired action without tools, for example, manual 
packaging. 

2. Hand tool. A non powered tool is added to 
supplement force, strength, forming action, or ma- 
nipulative ability of body members; for example, 
screwdriver. 

3. Powered hand tool. Mechanical power is 
added to supplement body strength; for example, 
portable drill. 

4. Power tool, hand control. Framework is added 
to guide and limit processing action to specific 
spatial limits. Control of tool application remains 
in the operator’s hands; for example, drill press. 

5. Power tool, fixed cycle, single function. The 
machine repeats a single action without human at- 
tention ; for example, belt conveyor. 
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LEVEL OF MECHANIZATION 

ANTICIPATES ACTION REQUIRED AND 
ADJUSTS TO PROVIDE IT. 

CORRECTS PERFORMANCE WHILE 
OPERATING. 

CORRECTS PERFORMANCE AFTER 
OPERATING. 

IDENTIFIES AND SELECTS APPROPRIATE 
SET OF ACTIONS. 

SEGREGATES OR REJECTS ACCORDING 
TO MEASUREMENT. 

CHANGES SPEEO. POSITION, DIRECTION 
ACCORDING TO MEASUREMENT SIGNAL 

RECORDS PERFORMANCE. 

SIGNALS PRESELECTED VALUES OF 
MEASUREMENT (INCLUDES ERROR 
DETECTION). 

MEASURES CHARACTERISTIC OF WORK. 

ACTUATED EY INTRODUCTION OF 

WORK PIKE OR MATERIAL 

POWER TOOL SYSTEM, REMOTE 
CONTROLLED. 

POWHt TOOL PROGRAM CONTROL 
(SEQUENCE OF FIXED FUNCTIONS). 

POWER TOOL FIXED CYCLE (SINGLE 
FUNCTION). 

POWER TOOL HAND CONTROL 

POWERED HAND TOOL 

HAND TOOL 

HAND. 


Fig. 1. levels of mechanization and their relationship 
to power and control sources. ( Harvard Business Re- 
view) 
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6. Power tool, program control, multifunction. 
The machine performs a fixed sequence of actions 
without human attention; for example, automatic 
home laundry. 

7. Power tool, remote control. The point of con- 
trol is separated from the point of application, en- 
abling consolidation or integration of many con- 
trols in one station; for example, power plant con- 
trol board. 

8. Power tool, activated by work piece. The ma- 
chine is triggered into its cycle by the work, rather 
than the operator; for example, automotive trans- 
fer machine tools. 

9. Measurement. The machine identifies quanti- 
tatively some characteristic of operation; for ex- 
ample, boiler temperature gauge. 

10. Signalling selected values of performance. 
The machine measures and then signals significant 
performance actions by comparison to established 
standards: for example, a grinder may be equipped 
to flash a red light when an off-dimension part is 
produced. 

11. Performance recording. The machine meas- 
ures and creates permanent records of its action; 
for example, strip or dial chart recording of chemi- 
cal process characteristics. 

12. Machine action altered through measure- 
ment. The measurement of performance is trans- 
lated into a signal that adjusts some simple ma- 
chine action such as speed, volume, direction, for 
example, boiler flow altered by thermostat control. 

13. Segregating or rejecting according to meas- 
urement. The machine makes physical disposition 
of work produced according to some measured 


characteristics; for example, bottling machines 
that reject improperly filled units. 

14. Selection of appropriate action cycle. The 
machine selects one of several sets of production 
actions (of the level 6 order) through identifica- 
tion of some environment or product characteris- 
tic; for example, multipurpose transfer machines 
that automatically choose a proper processing se- 
quence for a succession of intermixed parts. 

15. Correcting performance after operating. 
The machine examines its output and adjusts itself 
to correct it; for example, centerless grinders 
equipped with diameter inspection and self-setting 
control adjustment. 

16. Correcting performance while operuting. 
The machine measures and adjusts continually 
during the operation to maintain output within 
standards; for example, annealing over with auto- 
matic time and temperature control system. 

17. Anticipatory performance control. The ma- 
chine analyzes environmental requirements and 
adjusts to achieve desired performance prior to 
operation; for example, guided missile svsteni; 
elements of oil refinery equipment. 

These le\els can he arranged in a chart (Fig. 1) 
which reveals a distinct evolution. First, there is 
the substitution of mechanical power for manual 
effort, which takes some burden from the worker 
(after level 2). As increasing degrees of fixed con- 
trol yield the desired machine action, the worker 
guides the tool less and less (levels 5 K». As the 
ability to measure is added to the machine, a por- 
tion of the control decision information is mechan- 
ically obtained for the operator (after level 8). As 



Fig. 2. Mechanization profit* of a cylinder block lln*. (Harvard Butinatt Ravhw) 
















the machine is given still higher degrees of auto- 
maticity, more and more of the decision making 
and appropriate follow-up actions are performed 
mechanically. For instance, as the selection of 
proper machine speeds, feeds, temperature control, 
safety controls and so on is mechanized, further 
decision-making, judgment, experience, responsi- 
bility. and even alertness demands are lifted from 
the worker (levels 12 14). Finally, the machine is 
given the power of self-correction to a minor, and 
then to a greater, degree (levels 15 17), until the 
need to operate the machine has been completely 
removed from the worker by full automatic action. 

This evolution explains why the effect of increas- 
ing automaticity generally is to lower the skill re- 
quirement* of the operating workforce, rather than 
to raise them, as proclaimed in much automation 
literature. It is true, of course, that increased com- 
plexity of automatic machinery and control may 
increase the amount <»f maintenance, manpower 
and degree of maintenance skill required to the 
point that the increase of skilled personnel in the 
total workforce becomes significant. New tvpe* of 
jobs requiring higher skill on the part of operators 
also are occasional^ created. However, few studies 
of changes in workforce skill requirements caused 
by automation li«\ •- 1 ren made, and fewer still 
have definitively related skill to the character of 
the mechanization employed. Present studies 
seem to indicate that ( 1 ) the effect of higher levels 
of mechanization generally is to reduce skill and 
training requirements for operators; and (2i to 
increase these requirements for some maintenance 
trades (electricians who must master electronic 
equipment are partit ularlv affected I : (3 l the -ize 
of the maintenance task is more nearly propor- 
tional t<» the amount, condition, and degree of per- 
fection of the machinery used, rather than to the 
absolute degree, or level, of automatic performance. 

Mechanization profile. Using levels of mechani- 
zation as a vertical scale, a mechanization profile 
(Fig. 2) can he constructed for any system by 
plotting the level of each required activity in 
sequence. Mechanization profiles of so-called au- 
tomated plants reveal that the spans of mechaniza- 
tion are quite short, that the levels of mechaniza- 
tion fluctuate widely, that ver\ little self-correct- 
ing action (levels 12-17) is found in most systems, 
and that automatic operations are most frequently 
achieved by mechanization on levels 5 through 8. 
It is noteworthy that growth in the span often is 
more significant than increase in the level of mech- 
anization in achieving automatic operation*. 

Trends in automatic manufacturing. Highly au- 
tomatic production systems exhibited these trends 
in the 1950- 1960 decade: 

1. Mechanization of work feeding and removal 
techniques. 

2. Mechanization of material handling between 
machines, departments, and buildings. 

3. Mechanization of more direct labor tasks, es- 
pecially assembly operations. 
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4. Mechanization of indirect labor tasks, espe- 
cially inspection and testing. 

5. Compounding of the production equipment 
(compression of several or many production func- 
tions on one machine base and the performance of 
multiple operations while the workpiece is 
clamped in one location ). 

6. Centralization of the control of the produc- 
tion system through remote-control panels. 

7. Use of feedback control to maintain auto- 
matically optimum performance or to achieve ex- 
tremely precise process control. 

8. Use of program control devices, such as mag-* 
netic and punched tapes and cards, to direct in- 
tricate action sequences without the need for human 
attention. 

9. Mechanization of trouble detection, preven- 
tion, and correction by safety controls, indicating 
lights, built-in control test circuits, and so on. 

10. Mechanization of information collection, 
transmission, and interpretation through computers 
and other data- processing machines. 

11. Integration of production equipment with 
information handling systems. 

Some or all of these developments, in many com- 
binations, are interwoven to create automatic sys- 
tems for manufacturing or data processing. Under- 
standably. therefore, any definition of automation 
is difficult to use accurately if it is intended to 
credit all the advances in automatic systems to any 
one phenomenon such as feedback control. It must 
h'* recognized, however, that refinement and spread 
of automatic control (not necessarily feedback 
control ) lies at the heart of many current and po- 
tential advances in mechanization. [j.r.b.] 

Bibliography : Automation, Report to the UAW- 
C10 Economic and Collective Bargaining Confer- 
ence, 1954; J. R Bright. Automation and Manage- 
ment, 1958; J. H. Bright, Does automation raise 
skill requirements. Harvard Business Re i... 36(4): 
85-98. 1958; Congressional Hearings on Automa- 
tion and Technological Change, 1955; E. M. Grabbe 
fed. i. Automation in Business and industry, 1957; 
E. M. Grabbe. S. Ramo, and D. E. Wooldridge 
(ed*. ). Handbook of Automation . Computation and 
Control , vols. 1. 2, and 3. 1958; Public Affairs 
Press. The Challenge of Automation , National Con- 
ference on Automation, 1955; G. P. Schultz and 
G. B. Baldwin. Automation — A New Dimension to 
Old Problems, 1955. 

Automobile 

A four-wheeled, trackless, self-propelled vehicle 
for land transportation of people. An automobile is 
primarily a passenger car. although the term is 
loosely applied to both truck and bus. There are 
several automobile body models that can accom- 
modate from two to nine passengers. 

Major components. All passenger cars are pro- 
pelled by an internal combustion engine and they 
are commonly distinguished by the horsepower of 
the engine, the number of cylinders in the engine 
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and the type of body. Thus, one speaks of a 120- 
horsepower, 6-cylinder sedan. Other useful and 
designating specifications are type of engine, type 
of transmission, wheelbase, over-all length, and 
weight. 

There are four major components: engine, trans- 
mission, frame, and body. Each of these major 
components as well as lesser ones bears an intimate 
relation to every other, and the success with which 
they are combined to create a balanced unit deter- 
mines the performance of the vehicle. See Auto- 
motive vehicle. 

Engine . Engines of various designs are used, dis- 
tinguished by the following factors: number of 
cylinders, over-all configuration, cycle, valving, 
ignition, and cooling. See Internal combustion 
engine. 

All American passenger cars are powered with 
4-, 6-, or 8-cylinder engines. The four cylinders are 
placed in line; the six cylinders are in line, hori- 
zontally apposed, or in a V configuration. The 
latter types occupy less vertical space, permitting 
the hood line to be lowered. All 8-cylinder engines 
are V-type. See Automotive engine. 

Transmission . Engines are mounted at the front 
of the vehicle with drive to the rear wheels, or at 
the rear with drive to the rear wheels. Two other 
arrangements are also used on foreign cars, front- 
mounted engine with front-wheel drive, and engine 
amidship with drive to the rear wheels. Placing 
both engine and drive at the front, or both at the 
rear, eliminates the propeller-shaft tunnel in the 
passenger compartment. 

Use of single-plate clutches coupled with a 
8-speed transmission is standard practice on cars 
equipped with manual gearshift. An overdrive, 
which functions as a fourth speed, and semiauto- 
matic and fully automatic transmissions are used 
as optional equipment. See Transmission, auto- 
motive. 

Frame . A typical passenger-car frame is con- 
structed with side rails, cross members, and re- 
inforcing members of various designs to add to 
stiffness. A variant is the so-called unitized con- 
struction which combines the body and frame into 
a single welded unit, supporting the engine and 
power train. See Automotive chassis. 

Independent springing of the front wheels to the 
frame is almost standard practice. This design 
eliminates the front axle, permitting either wheel 
to respond to changes in the road surface. The 
shocks are taken by coil or air springs or torsion 
bars, and the recoil is snubbed by shock absorbers. 
Coil springs that offer increasing resistance as the 
spring is compressed are also used. 

Leaf, air, and coil springs and torsion bars are 
used for rear suspension in conjunction with 
shock absorbers. Independent rear-wheel suspen- 
sions are of two types. Both have the differential 
mounted on the frame instead of the axle and both 
permit free swinging of the axle. One employs a 
transverse leaf spring above the axle so that there is 
independent parallel wheel movement in the verti- 


cal plane; the other has coil springs positioned 
near the ends of the axle so that each wheel tran- 
scribes an arc as it moves up and down with the 
swing of the axle. See Automotive suspension. 

Steering gears are of worm-and-roller, worm- 
and-sector, and reciprocating-ball types, of several 
designs [see Automotive steering). Power mecha- 
nisms are used as steering assists. These apply 
hydraulic power in response to manual turning of 
the wheel. 

Brakes . Brakes are of the drum, disk, and caliper 
disk types. See Automotive brake. 

A power unit, utilizing the vacuum created in 
the engine inlet manifold, is commonly used as a 
braking assist. It contributes a large proportion of 
the pressure required to actuate the hydraulic 
service brakes. 

A typical passenger-car brake system has me- 
chanically operated parking brakes on two wheels 
or a single brake on the propeller shaft, combined 
with hydraulically operated service brakes on all 
four wheels. 

Body types. Although there are many design 
variations in bodies, the following five classifica- 
tions cover them broadly. 

Sedan . This is a closed body with two or four 
doors, and two cross seats accommodating five or 
six people. The back of the front seat in two-door 
models tips forward to give passengers access to 
the rear seat. 

Convertible. This is an open body with two doors 
and two cross seats accommodating five or six peo- 
pie. It has a folding top and roll-up windows. 

Hardtop. This is a closed body with a permanent 
metal top like a sedan and roll-up windows like a 
convertible. It has two or four doors and two cross 
seats accommodating five or six people. 

Station wagon. This is a utility body combining 
seats for five to nine people and space for luggage 
or commodities within a single enclosure. Tt has 
two or four doors and one or two cross seats be- 
hind the front seat which fold down flush with the 
floor when added luggage space is needed. 

Sports car . This is an open body with single cross 
seat or bucket seats for driver and one passenger. 
It has a folding top. [p.ii.s.] 

Automotive body 

An enclosure mounted on and attached to the frame 
of an automotive vehicle. The automotive body en- 
closes passengers and luggage and, ib the case of 
commercial vehicles, the commodities |eing carried. 

Passenger car bodies have welded steel frames to 
which are welded shaped metal sheei to form the 
enclosure (Fig. 1). Welding ensures a permanent 
union, free from squeaks and rattlesi The interior 
walls are costed with sound-deadenfhg and insu- 
lating material and then upholstered. Fenders 
formed from sheet steel (occasionally aluminum) 
are bolted to the body. 

A variant is the unitized body, so called because 
body and frame are made in one unit, eliminating 
the orthodox frame. The side members are designed 
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Fig. 1. Cutaway view showing conventional construc- 
tion of an all-steel, welded body for a 4-door sedan. 
The body is bolted to a frame which carries the engine 


and power train. ( Chevrolet Division , General Motors 
Corp.) 



Fig. 2. Unitized construction of a body for a 4-door 
sedan. Body sections and box girders are welded to 
form an integral unit, eliminating the need for a sep- 
arate frame. Engine and power train are carried by 
this unit. ( American Motors Corp.) 


the vehicle. The most commonly used brake is the 
drum type (*ee Brake): disk and caliper-disk 
types are used less frequently. Heavy-duty equip- 
ment. such as trucks and buses, may use air or 
electric systems to actuate the brakes. Such sys- 
tems greatly reduce the effort the driver must exert 
to hrake the vehicle. 

Brake types. In the drum type, almost uni- 
versal on American cars, two curved shoes fitted 
with heat- and wear-resistant linings are forced 
against the inner surface of the drum when the 
hrake pedal is applied (Fig. 1). Movement of the 
brake pedal moves a piston in the brake master cyl- 
inder. This action forces hydraulic fluid from the 
cylinder through brake lines (metal tubing) into 
cylinders at each car wheel. Fluid pressure then 
foices a pair of pistons in each wheel cylinder out- 


on the principle of a bridge truss to gain stiffness, 
and the sheet metal of the bodv is stressed so that 
it carries some of the load (Fig. 2). Major com- 
ponents, normally attached to the frame, are fas- 
tened directly to the body. 

Bits bodies and truck cabs have welded steel 
frames to which metal sheet is welded. Cabs are 
also sheathed with flber-glass-reinforced panels. 

An objective in designing truck bodies is to keep 
the weight low and the load-carrying capacity high 
for economy in operation; therefore, high-strength 
alloy steels and aluminum are used for the wall 
panels and roofs of vans and semitrailers. If de- 
signed for carrying perishables, the body is in- 
sulated and constructed to permit circulation of 
cooled air which is supplied by a refrigeration unit 
mounted on the front of the body. See Automotive 
VEHICLE. [>•«.$.] 

Automotive brake 

A friction mechanism that slows or stops the rota- 
tion of the wheels of an automotive vehicle and 
through tire traction slows or stops the motion of 



Fig. 1 . Schematic view of hydraulic braking system for 
one wheel on an automobile. Brakes are shown ap- 
plied. Large arrows indicate motions of pistons, small 
arrows the direction of motion of hydraulic fluid. (Pon- 
tiac Motor Division , General Motors Corp.) 
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Fig. 2. Sectional view of disk-brake assembly. (Chrys- 
ler Sales Division , Chrysler Corp.) 


posed to atmospheric pressure, while engine-in- 
take-manifold vacuum is applied to the other side. 
The difference in pressure causes the piston to 
move. This movement is transmitted to the piston 
in the brake master cylinder, causing the brakes 
to be applied. Om? such assembly is shown in Fig. 3. 
In the unapplied position, the vacuum valve is open 
and engine-intake-munifold vacuum is applied to 
both sides of the piston. In the applied position, 
movement of the brake pedal has forced the push 
rod into the cylinder, causing the vacuum valve to 
close. Air pressure on the piston causes it to move, 
and this movement forces the hydraulic plunger 
into the hydraulic brake cylinder. Hydraulic pres- 
sure is transmitted through the brake lines to the 
cylinders at the wheels. 

Air brakes. In an air-brake system, an engine- 
driven air compressor provides the pressure to the 
braking system. Operation of the brake pedal 
admits high-pressure air to brake chambers at each 
wheel. A diaphragm or piston in the brake cham- 
bers is displaced, forcing the brake shoe aguinM 
the brake drum. Figure 4 shows a typical air brake 
system schematically. 


ward so that the brake shoes are thrust against the 
revolving brake drums. Frictional drag slows the 
brake drums, wheels, and car. The outer surface 
of the drum is often finned to improve radiation of 
generated heat and thus help to avoid overheating. 

The disk brake has two pressure plates mounted 
back to back inside a rotating housing (Fig. 2). 
Segments of brake lining are affixed to the outer 
surfaces of the plates. Braking pressure forces the 
plates apart so that the brake linings are thrust 
into contact with the surfaces of the brake housing. 
The caliper disk brake has two lined members 
which clamp on opposite sides of a rotating disk 
when the brake pedal is depressed. [p.h.s.] 

Power brakes. In an automotive power brake 
assembly, movement of the brake pedal operates a 
valve which allows one side of a piston to be ex* 
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Fig. 4. Typical air-brake system. ( International Har- 
vester Company) 


Electric brakes. Brakes can aln> be applied 
by electromagnets located at each wheel. The 
driver operates a controller that connects the 
electromagnet to the vehicle battery. The electro- 
magnet is attracted to disks on the rotating wheels, 
causing the electromagnet to shift through a lim- 
ited arc. This movement actuates the brake shoes. 
Further movement of the controller allows more 
current to flow in the electromagnets, producing 
stronger magnetic fields and greater braking ac- 
tion, [ W.H.C.] 

Automotive chassis 

The automobile frame, together with the wheels, 
power train, brakes, engine, and steering system. 
The chassis includes almost all of the automobile 
except the body. In earlier assembly methods, the 
chassis was put together on the assembly line, and 
one of the last assembly operations was the lower- 
ing into place and attaching of tha body to the 
frame. Today, however, the trend is to the unitized 
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construction, with body members serving the same 
function as the frame so that no separate frame, as 
such, is used {see Automotive body). The wheel 
supports and other components, formerly attached 
to the frame, are attached directly to the body. See 
Automotive frame ; Automotive vehicle. [ p.h.s.] 

Automotive engine 

The fuel-consuming machine that provides the mo- 
tive power for automobiles, airplanes, tractors, 
buses, and motorcycles. An automobile engine is 
carried in the vehicle that it serves. Although ex- 
ternal fuel-burning engines were early considered 
for automotive service, all modern automobiles are 
powered by internal-combustion engines, mostly 
with gasoline as the fuel. Four, six, or eight cyl- 
inders are used; four cylinders are common in the 
smaller cars. 

Eight-cylinder engines are V-typc. The V-8 has 
supplanted the once popular in-line eight because it 
makes possible the use of a shorter, more rigid 
crankshaft, better able to withstand the torsional 
stress imposed by high compression ratios. For 
trucks, a V-6 is also used either singly or in tandem 
to form a V-12. 

V-12 and V-lfi engines were at one time made 
commercially in the United States. They were de- 
veloped on the basis that their smaller and lighter 
re< iprocating parts would result in less engine 
vibration, whereas the greater frequency of power 
impulses would give steadier, smoother power. 
However, development and lefinement of 6- and 
8 cylinder engines achieved much the same ends 
more simply. 

In addition to V-tvpe 6-, 8-, and 12-cylinder 
engines, foreign cars are powered with 1-, 2-, 3-, 
and 4-cvlinder engines. Taxation and high fuel cost 
have spurred the development of these small power- 
plants. 

Engine blocks are customarily made of cast iron, 
hut the use of aluminum is growing. This light 
metal may ultimately replace cast iron, because it 
makes possible lighter-weight engines. See Inter- 
nal COMBUSTION F.NUNE. | P.H.S.] 

Automotive frame 

The basic structure of all automotive vehicles ex- 
cept tractors. Mounted upon it or attached to it 
are the powerplant, transmission, clutch, and body 
or seat for the driver. The frame in turn is sup- 
ported by the suspension. 

The basic requirement of any frame is that it be 
sufficiently strong and rigid to withstand the severe 
twisting and hending forces to which it is subjected 
by the uneven surfaces of the road. 

A typical passenger car frame has pressed-stcel 
side rails of channel or box-shaped cross section. 
These side rails are deepest in the middle, at the 
point of greatest bending moment, and taper as 
the bending moment decreases. They narrow at the 
front to accommodate the turning of the wheels, 
tnd they bend upward at the rear to mount low 
over the rear wheels and thereby keep the center of 



X frame (above) and ladder-type frame (below) for 
truck tractors. Both are made from three-piece fab- 
ricated side members with top and bottom flanges 
continuously machine-welded to form an I beam. (GMC 
Truck and Coach Division , General Motors Co rp.) 

gravity low, and to allow the rear springs to act 
cfTcclively. Sometimes the side rails are bent in 
at the center of the vehicle, making the over-all 
form that of an X. Frequently they are wider apart 
at the rear end to give more room for the body. 

Cross members connect the side rails and are 
usually of I-beam cross section; frequently there is 
an X member which joins the side rails with diag- 
onals for added strength and resistance to torsional 
stresses, as illustrated. The joints between the vari- 
ous members are welded or riveted, sometimes 
reinforced with gusset plates. 

A variant design employs a large central tube 
with a fork at both ends. On the front fork are 
mounted the engine, steering gear, and front 
wheels, whereas the rear fork carries the differen- 
tial housing, wheel tubes, and springs. The body is 
carried on cross arms which are welded to the cen- 
tral tube. 

Because vehicles with independent front suspen- 
sion have no front axle, heavier frame construction 
i* u-rd at the front than when a rigid axle is used. 

Unitized construction eliminates the frame as 
such because body and frame are combined into a 
single unit. See Automotive body. 

The structural members of truck and bus frames 
are necessarily greater in depth than those of a 
passenger car in order to accommodate the heavier 
loads carried. Side rails, which are without kick-up 
at the rear, and cross members form a rectangle. If 
an independent front- wheel suspension is used, the 
rectangle is open-ended at the front. 

An important objective in truck frame design is 
keeping its weight low -ind its carrying capacity 
higli. Consequently, wide use is made of high-alloy 
steels. and for some members even aluminum is 
used. See Automotive chassis; Automotive ve- 
hicle; Truck. [p.h.s.] 

Automotive steering 

Mechanical means by which a driver controls the 
course of an automobile or similar vehicle such as 
a bus, truck, or tractor. A typical system (Fig. 1) 
consists of a manually operated steering wheel in 
the driver’s compartment connected by a steering 
column to the steering gear from which linkages 
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run to steerable road wheels mounted at the front 
of the vehicle. Clockwise rotation of the steering 
wheel actuates the steering system to turn the ve- 
hide to the right ; rotation counterclockwise turns 
the vehicle to the left. In manual steering the driver 
provides all the force necessary to turn the steered 
road wheels ; in power steering an auxiliary mecha- 
nism assists the driver by supplying part of the 
steering force. See Steering, power. 

A steering system provides four essential fea- 
tures: (1) sufficient mechanical advantage for 
driver to steer vehicle without excessive physical 
effort, (21 steering of road wheels without hinder- 
ing their free movement on the spring suspensions, 
(3) differential turning of steered wheels so that 
both roll on circles with a common center (see 
Ackerman steering), and (4) tendency for steered 
wheels to return to the straight forward position 
when steering wheel is released. 

Steering gear. This gear is normally fixed to the 
vehicular chassis. Rotary motion of the hand wheel 
is changed by the steering gear to translational 
movement to position the steering linkage. To- 
gether, the gear and linkage provide a mechanical 
advantage so that steering effort is small ; a small 
tangential pull on the steering wheel rim develops 
a larger force to turn the road wheels. The mechani- 
cal advantage also gives such fineness of control 
that substantial motion of the hand wheel turns the 
road wheels only slightly. 

The reduction mechanism of the steering gear 
is semireversible. Some reversibility is essential to 
road sense and recovery. Excessive reversibility re- 
sults in road shock because motion over road ir- 
regularities can move the steering wheel. 

At the end of the steering shaft is a housing 
which encloses the steering gear immersed in lubri- 
cant. The output shaft is fitted with the pitman arm 
to actuate the steering linkage. 

Three common types of manual steering gears 
(Fig. 2) are worm and roller, screw and ball nut, 
and cam and lever. A rack and pinion, used for 
steering on some European cars, is fully reversible. 

Principal features of the gear are illustrated by 
the worm and roller. The worm is at the end of the 
steering shaft and tapered roller bearings hold it 
fixed on its axis of rotation. The roller, which is 
clamped to the output shaft, has parallel grooves 
that mesh with the spiral gear of the worm. So that 
the worm and roller will continue to mesh as the 
output shaft rotates, the contour of the underside 
of the worm gear is an arc with the axis of the out- 



Flg. 1. Component* of o typical steering system. 


put shaft as its center. Pitch of the worm controls 
reversibility. The ability of the roller to rotate 
about its own axis reduces friction below that of a 
simple worm and gear. 

In the screw and ball nut, a segment of a gear 
on the output shaft maintains meshing contact with 
a rack milled on one side of a nut. This nut rides 
on a screw at the end of the steering column. Ball 
bearings interposed between the screw threads on 
the screw and in the nut drive the nut axially along 
the threaded steering shaft. The balls reduce fric- 
tion between the screw and nut and thus lessen 
steering effort. 

In the cam and lever steering gear, a screw-type 
cam is fixed to the lower end of the steering shaft. 
The cam is milled with a continuous spiral groove 
in which the studs of the lever shaft are engaged. 
The spiral groove may, by design, provide either 
constant or variable ratio of movement between in- 
put and output shafts. The degree of reduction 
provided depends on the size of the vehicle to be 
steered. At midposition, both studs are engaged. 

Linkage. The steering gear pitman arm connects 
to the tierods or drag links that actuate the steered 
road wheels. The links are rods or tubes and nor- 
mally have ball joints at each end to permit free 
movement in any plane with minimum friction and 
lost motion. These articulated linkages couple from 
the steering gear that is fixed to the chassis to the 
road wheels that are suspended to move with road 
irregularities. The steering geometry of these link- 
ages allows the wheels freedom of motion on their 
suspensions yet holds them firmly in the direction 
determined by the steering wheel. This arrange- 
ment permits the vehicle to jounce nr roll on rough 
terrain without causing involuntary self-steering 
movements, wandering, or abrupt reactions at the 
hand wheel. Similarly, it permits severe brake ap- 
plication with consequent brake dive without caus- 
ing self-steering (as distinguished from swerving 
from faulty brake adjustment). 

Steerable road wheels. To roll smoothly when 
the vehicle is directed into the desired course, the 
steerable wheels are mounted at slight angles to 
the normal, as shown in Fig. 3. This drawing 
shows the front left wheel; all angles are greatly 
exaggerated for clarity. As viewed from the driver’s 
position in Fig. 3<z, the wheel tilts outward from 
the vertical. This tilt is called camber and is posi- 
tive if outward as shown. The wheels are given 
slight positive camber (usually less than a degree) 
initially so that when the vehiclf i s loaded the 
wheels become almost vertical. 

The kingpin, or the axis of the hplls on ball sus- 
pension, is tilted inward. This kinfcpin inclination 
causes the chassis to rise when the wheel turns. 
Thus the weight of the car tends t<* keep the wheel 
turned straight ahead or to return it to that posi- 
tion after a turn. This self-return eff a steering sys- 
tem to straight* line travel is called recovery. 

Camber and kingpin inclinattar* together are 
called the included angle (see Fig. 3a). If the apex 
of this angle lies on the road surface, road resist- 
ance on the tire and forward push at the kingpin 
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Fig. 3. Front left wheel, (a) Viewed from driver's 
position, (b) Viewed from inside hood. Angles exag- 
gerated. 


are along the line of roll. If the apex is not on the 
road the tire is forced to toe in or out. To take up 
play in the front wheel supports, the front wheels 
are purposely toed in slightly so that the planes of 
the wheels intersect ahead of the vehicle. Hoad re- 
sistance then forces them to roll parallel and takes 
up any play in the steering system. 

The inclination of the kingpin or its equivalent 
forward or backward is called caster. Caster is 
positive if the kingpin inclines backward, negative 
if it inclines forward, and zero if the kingpin 
vertical as viewed along the axis of the front 
wheels. Positive caster aids in directional stability 
and recovery. See Automotive vehicle, [w.k.c.] 

Automotive suspension 

The springe and related parts intermediate be- 
tween the wheels and frame of an automotive 
vehicle that support the car body and frame on the 
wheels and absorb road shock caused by passage of 
the wheels over irregularities. Four types of spring 
are used : coil, leaf, torsion bar, and air. 

Coil* and leaf-ftpring suspension. Figure 1 il- 
lustrates a typical automotive suspension arrange- 


ment using coil springs at the front wheels and 
leaf springs at the rear. Weight of the vehicle 
applies an initial compression to the springs. When 
the wheels encounter irregularities in the road, the 
springs further compress or expand to absorb most 
of the shock. The suspension at the rear wheels is 
relatively simple in most cars. It is considerably 


shock absorbers 



springs 

Fig. 1 . Phantom ■»«ew of an automotive chassis, show- 
ing location of coil springs (at left, or front of car) and 
of the leaf springs (at right, or at rear of car). 

more complex at the front because the front wheels 
must swing from side to side in steering. This calls 
for multiple-point attachments that permit the 
wheel to move up and down and still be swung away 
from straight ahead for steering. Figure 1 shows 
one system of front suspension that accomplishes 
this. 

Shock absorbers are used at each wheel to re- 
strain spring movement and prevent prolonged 
spring oscillations. The shock absorber contains a 
piston that moves in a cylinder as the car wheel 
moves up and down with respect to the car frame. 
As the piston moves, it forces a fluid through an 
orifice, imposing a restraint on the springs. Spring- 
loaded valves open to permit more rapid flow of 
the fluid if fluid pressure rises high enough, as it 
may when rapid wheel movements take place. See 
Shock absorber. [w.hx.] 

Air ftUftpenftion, In an air-suspension system, 
the sprung weight of the vehicle is supported on a 
cushion of air. The body of the vehicle is auto- 
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| | 160 psi regular-leveling system 


m 300 psi fast-leveling system 

Fig. 2. Air-suspension system. (Mercury Division , Ford Motor Company) 



Fig. 3. Left front piston-type air-bellows assembly. 
(GMC Truck and Coach Division, Gonoral Motors 
Corp.) 



Fig. 4. Torsion-bar suspension for front wheels. 
( Chryslor Corporation) 


matically kept at a predeterminer! height from the 
ground regardless of the load. 

The basic components of the system are shown 
in Fig. 2. A typical air-spring assembly is shown 
in Fig. 3. The air-bellows assembly is held between 
the upper and lower control arms. Air pressure, 
maintained in the bellows by the compressor, acts 
in the same way as any other spring. 

Tlie height-control valves act upon any deviation 
in the height of the sprung mass. They discharge 
air from the reservoir into the air springs when 

the load is increased and the level of the body 

drops; they discharge air from the springs when 

the load is decreased and the level of the body 

rises. [i».h.s. ) 

Torsion-bar suspension. In a torsion-bar sys- 
tem the spring is a bar or rod stressed in torsion 
about its long axis (see Torsion bar ). 

A typical torsion-bar system is shown in Fig. 4. 
The bar is rigidly fixed to the car frame at the rear 
end and is free to rotate at its front end. rear which 
the lower wheel-control arm is splined to the bar. 
The longitudinal stiffness of the bar aids steering 
and directional stability. The neutral, or normal 
rest, position of an automobile with torsion-bar 
suspension is easily changed by adjusting the 
torque on the bar. [n.m.] 

Bibliography : W. H. Crouse, Automotive Chassis 
and Body , 2d ed., 1959; W. H. Crouse, Automotive 
Mechanics , 4th ed., 1960. 

Automotive vehicle 

A trackless, self-propelled vehicle for land trans- 
portation of people or commodities, or for moving 
materials. The vehicle may be a passenger car, bus, 




Automotive vehicle 


687 


truck, motorcycle, tractor, or earthmover. See 
Automobile; Bus; Earthmover; Motorcycle; 
Tractor; Truck. 

General description. Automotive vehicles have 
five functional components in common: (1) an in- 
ternal combustion engine which converts the chemi- 
cal energy of fuel and air into mechanical energy, 
(2) a mechanism for transmitting this mechanical 
energy to the wheels, (3) a frame or its equivalent, 
(4) a steering mechanism, and (5) brakes. Each 
component has been designed and modified in rela- 
tion to every other component so as to create an 
integrated unit capable of performing its function 
in the best known manner. 

A typical automotive vehicle, powered by a gaso- 
line engine, begins to perform its function when the 
driver uses physical or electrical means to turn a 
flywheel connected to the engine crankshaft. A* the 
crankshaft revolves, a mixture of fuel and air is 
drawn from u carburetor into the engine cylinders 
in which it is ignited by an electric spark. The 
resultant explosions turn the crankshaft, and the 
engine begins to run. By regulating the flow of fuel 
and air with a throttle, the driver controls the work 
output of the cylinders and hence the rotational 
speed of the crankshaft. 

Through a mechanism called a clutch, this crank- 
shaft is then connci icd at the will of the driver to a 
set of gears (transmission) which starts the trans- 
mission of power from the engine to its ultimate 
destination, the driving wheels. The gears in the 
transmission can be shifted manually in some 
cars, automatically in others - to suit driving con- 
ditions. See Transmission, automotive. 

The transmission is connected to a propeller 
shaft by a universal joint. The other end of the 
propeller shaft connects with another set of gears 
which permits transmission of power from the 
shaft to the axle at a right angle and then to the 
wheels. 

'Hie wheels, which are connected to the axle, 
rotate with the axle, setting the vehicle in motion. 
A differential, a third set of gears located on the 
axle, permits one wheel to rotate faster than the 
other when turning a corner. See Differential. 

There are many detailed variations in the means 
by which this entire process is accomplished; how- 
ever, the foregoing summarizes the basic functions 
of -an automotive vehicle. 

Major components. Once a vehicle is in mo- 
tion, ft is guided along the road by a steering gear 
which controls the direction toward which the front 
wheels are pointed (ace Automotive steering). 
Vertical movements of the vehicle, caused hy un- 
evennes* of road surfaces, are damped by springs 
and shock absorbers comprising the suspension. 
Brakes, applied to the wheels, slow the forward 
motion of the vehicle or bring the vehicle to a stop. 

The vehicle may have a body (an enclosed com- 
partment (or people or commodities) or it may 
•imply have a seat for the driver. 

Engine. The engine, which is the heart of any 
automotive vehicle, is designed to perform a spe- 
cific function and therefore appears in many types 


and configurations. It may be designed to give rapid 
acceleration and permit a wide range of vehicle 
speeds without shifting gears, characteristics de- 
sired in a passenger automobile. On the other hand, 
in tractor engines great lugging power and the 
ability to perform sustained, heavy work are sought 
in design. Between these extremes are the bus and 
smaller truck engines which must combine reason- 
ably rapid acceleration with ruggedness and effi- 
ciency in operation. 

Engines are designed with 1, 2, 3, 4, 6, 8, and 12 
cylinders. Other things being equal, the larger the 
number of cylinders, the greater the horsepower 
and, consequently, the larger and heavier the ve- 
hicle which can be propelled. Engines are rated 
by the horsepower they develop. Brake horsepowers 
of American engines, determined by dynamometer 
tests, range from about 90 at 3800 rpm to 350 at 
4600 rpm. Thus, if the horsepower, number of 
cylinders, and vehicle weight are known, a general 
idea can he had of the vehicle’s utility and probable 
performance. .See Internal combustion engine. 

Engines also differ in the positioning of their 
cylinders, the operating cycle, valve mechanism, 
mode of ignition, and cooling. Cylinders may he 
placed side hy side in a line with the crankshaft 
directly beneath; they may be arranged in the form 
of a V, with two hanks set at 90° or 60° and the 
crankshaft located at the point of the V ; or they 
may he laid on their side in two rows with the 
crankshaft located in the center (the horizontally 
opposed or pancake type of engine). 

The cycle of operation may be 4-stroke or 2- 
stroke. In the more widely used 4-stroke engine, 
four strokes (two upward and two downward) of 
the piston are required to complete the cycle of 
intake, compression, power, and exhaust which re- 
sults in two revolutions of the crankshaft. Thus, 
only one of the fou* strokes is a power stroke. The 
2-stroke-cycle engine makes every other stroke a 
power stroke, so that two strokes complete the 
cycle with one revolution of the crankshaft. 

The 4-stroke-cycle engine commonly has two 
valves per cylinder: an inlet valve to admit the fuel 
mixture and an exhaust valve to permit escape of 
the burned gases. The 2-stroke-cycle engine has no 
valves as such. It has ports in the cylinder which 
are covered and uncovered by movement of the 
piston. Some engines combine valve parts in the 
cylinder for intake with exhaust valves in the cyl- 
inder head. 

Valve positioning in the 4-stroke-cycle engine 
further identifies the type of engine. Thus, there are 
L-head and valve-in-head types, the latter also 
designated overhead-valve (OHV) engines. The L 
head has both inlet and exhaust valves on one side 
of the engine block which are operated by pushrods 
actuated by a single camshaft. The more popular 
OHV engine has its valves located in the cylinder 
head, operated by pushrods that actuate rocker 
arms. See Valve train. 

In most engines the fuel is mixed with air in a 
carburetor and drawn into the cylinders in the form 
of a vapor which is compressed, then ignited by the 
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spark from a spark plug (see Carburetor). A 
deviant of this type is an engine in which a fuel 
injector feeds a metered amount of fuel directly 
into the cylinders in which it is mixed with air, com- 
pressed, and ignited by a spark. In both, the electric 
current is supplied by a storage battery in combi- 
nation with an engine-driven generator. See Fuel 
injection; Ignition system. 

Direct injection of fuel is also used in a diesel 
engine, but the charge of air alone is compressed, 
and ignition is accomplished by the heat of com- 
pression instead of a spark (see Diesel cycle). 
Compression in a diesel engine is carried to a much 
higher pressure than in a spark-ignition engine; 
therefore, more of the energy of the fuel is con- 
verted into useful work. The higher thermal effi- 
ciency enables more miles to be obtained per gallon 
of fuel, and the fuel used is less volatile than gaso- 
line. 

An internal combustion engine is a device for 
transforming heat into mechanical energy; never- 
theless. the total heat value cannot be so used by 
even the best of engines. Thus, the waste heat must 
be dissipated by some means or the engine will be- 
come too hot to function properly. The mediums 
used for cooling are water or air. In the more 
widely used water-cooled engine, water is circulated 
by a pump through passages surrounding the com- 
bustion chambers, cylinders, valve seats, and stems. 
The excess heat is absorbed by the water, which is 
passed through a radiator to be cooled by air drawn 
into the radiator by a fan and pushed through it by 
the forward movement of the vehicle. The cooled 
water is then recirculated through the engine. Many 
compact European engines are air cooled. See En- 
gine cooling. 

Transmission . Transmission of power from the 
engine to the wheels of a vehicle is accomplished by 
the clutch, transmission, propeller shah, differen- 
tial, and axle. 

The clutch provides the means for disconnecting 
the engine from the rest of the transmission system 
so that the engine can be run without propelling 
the vehicle. It is disconnected, or thrown out when 
the engine is started, when gears are shifted, or 
when the engine is idling, although the engine 
usually is idled by putting the transmission gears in 
neutral. 

The clutch, interposed between engine and trans- 
mission, has one member driven positively by the 
engine and another attached to the transmission 
shaft. When these members are separated, no 
power can be transmitted. Friction surfaces of the 
clutch are so designed that when the two members 
are brought together with a light pressure they slip 
on each other. As more pressure is applied, the 
speed of the driven member is brought gradually to 
the speed of the driving member. When both rotate 
at the same speed, all slippage ceases and the two 
members rotate as a unit. See Clutch. 

Quiches are variously dry single-plate, double- 
plate, and multiple-disk dry plate or wet disk 
(operating in a bath of oil). Automatic transmis- 
sions do not use a separately operated clutch. 


Setting a vehicle in motion requires a high per- 
centage of all the power an external combustion 
engine can develop, because the inertia of the en- 
tire weight of the vehicle must be overcome. To 
generate this needed power, the engine crankshaft 
must rotate at a relatively high speed, and it must 
be able to do this without a correspondingly high 
vehicle speed. The means for this is the transmis- 
sion or gear set. 

The transmission has sets of gears which permit 
a choice of ratios between crankshaft and propeller- 
shaft speeds. The low gear ratio permits the crank- 
shaft to turn over many times to one revolution of 
the propeller shaft for starting, climbing steep 
grades, and pulling heavy loads when great power 
is needed. When the vehicle is in motion and less 
power is needed, a second gear makes crankshaft 
and propeller-shaft speeds more nearly alike. With 
further gain in vehicle speed, higher and higher 
gears are used, until power flows from the engine 
to the wheels without reduction of speed and the 
speed ratio of the last, or high, gear is 1 : 1. 

Transmissions are of the selective sliding-gear 
or the planetary-gear type. They may give 3, 4, 5, 8, 
10, or 12 forward speeds and one or two reverse 
ratios; or they may give an infinitely variable for- 
ward speed. Set* Torque c onverter. 

An overdrive, the equivalent of a fourth speed, 
is often used in conjunction with a 3-speed trans- 
mission. It provides a speed rutin over that of the 
direct or high-speed ratio so that the engine turns 
at only about 72*1 of the propeller-shaft speed 
when the vehicle is operating in the high speed 
ranges. It is automatic in operation. .See Over- 
Drive. 

Transmission can also be semiautomatic or auto- 
matic. either assisting the driver in shifting gears 
or doing it for him. The selective sliding type can 
be connected to the engine by a clutch, fluid cou- 
pling, or torque converter, the planetary type by 
fluid coupling or torque converter. Torque is the 
technical term for twist and the purpose of the 
torque converter is to multiply the engine torque. 

Power from the transmission is carried to the 
axle by a chain or propeller shaft. Reduction in 
propeller-shaft rotational speed is effected by a 
pinion and ring gear on the axle. At this point a 
differentia] apportions the power applied to the 
wheels so that corners can be turned. 

Steering . Steering systems function to convert 
the rotary motion of the steering wheel into angular 
turn of the front wheels which are pivoted. Excep- 
tions are the handlebar steering; mechanism of 
motorcycles and the steering of crawler tractors by 
lever control of power application. Hydraulic 
power mechanisms are used to leisen the manual 
effort required to turn the steering wheel. They 
function in response to manual (turning of the 
wheel. See Steering, power. 

Frame . The frame is the basic Structure of all 
automotive vehicles except tractors. The engine 
and its accessories, the clutch, transmission, steer- 
ing gear, and body or driver's seat are mounted on 
the frame. These components are supported in turn 



by the suspension. Attached to the frame, but not 
supported by it, are the axle, differential, wheels, 
and brakes. See Automotive body; Automotive 
frame. 

Suspension. Without suitable suspension, high- 
speed transportation would be impossible. The ve- 
hicle must be cushioned against shocks for the 
comfort of passengers, the protection of commodi- 
ties, and the preservation of the vehicle itself. Leaf 
springs, coil springs, torsion bars, and air suspen- 
sions are used in various combinations. Front 
wheels may be independently sprung, in which case 
there is no axle tying the front wheels together. 
Rear wheels may also be sprung independently by 
attaching the differential to the frame and using 
swing axles. Further cushioning is given by shock 
absorbers which offer resistance during the re- 
bound, or during both compression and rebound of 
the springs to snub their action. See Automotive 
suspension. 

Brakes. Brakes act to convert the kinetic energy 
of a vehicle to heat energy by means of friction 
contact surfaces. The braking power must be pro- 
portional to the weight and speed of a vehicle. 
There are drum, disk, and caliper disk brake types. 
These are actuated through a mechanical linkage, 
by hydraulic pressure, or by compressed air, and 
although they are usually cooled by the passage of 
air over them when the vehicle is in motion, they 
may be water-cooled for heavy-duty service. See 
Brake. [p.h.s.] 

Autonomic nervous system 

The part of the nervous system which innervates 
smooth and cardiac muscle, glands, and viscera, 
also known as the visceral or involuntary division 
in contrast to the cerebrospinal or somatic or 
voluntary division. The thoracolumbar (sympa- 
thetic) and craniosacral (parasympathetic) sys- 
tems comprise the autonomic system. 

The autonomic system exerts a regulatory effect 
on the internal environment of an organism. It is 
essentially a motor system and consists of efferent 
neurons. Afferent impulses from the viscera are 
conducted by elements of the cerebrospinal ganglia. 
The autonomic system influences the rate of metab- 
olism, muscular tonus of the viscera, and homeo- 
stasis. The craniosacral and thoracolumbar divi- 
sions are generally antagonistic in their effects. 
See Homeostasis; Nervous system; Parasympa- 
thetic nervous system; Sympathetic nervous 
SYSTEM. [E.G.ST.] 

Autopilot 

An automatic system for steering an aircraft or 
other vehicle. An autopilot replaces the human 
pilot in guided missiles and drone aircraft. In 
piloted aircraft, the autopilot is used to relieve the 
pilot during cruise, to make automatic approaches 
to landing fields, and to control rapid maneuvers, 
as in tracking a dodging target. 

Autopilots are also used to steer ships, sub- 
marines, torpedoes, and space craft, and control of 
automobiles has been proposed. 
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Elements of an aircraft autopilot are shown in 
Fig. 1. Steering commands may come from a radio 
receiver, autonavigator, fire-control or other guid- 
ance system; or they may be preset by the pilot. 
The computer compares actual aircraft motion 
signals obtained from the gyroscope, airspeed in- 
dicator, altimeter, and other sensors, with steering- 
command signals. Steering errors are corrected by 
control-surface servos, which deflect the rudder, 
ailerons, and elevators to alter the aerodynamic 
forces on the aircraft and make it roll, pitch, and 
yaw. See Flight characteristics. 

Basic control. Figure 2 shows the arrangement 
for controlling the heading of an aircraft. First, 
Fig. 2 a shows in detail the basic subsystem for 
controlling aircraft rate of roll. The roll-rate loop 
compares the measured rate with the desired elec- 
trical signal and calls for aileron correction propor- 
tional to roll-rate error. The servo uses an inner 
feedback loop to position the ailerons. See Servo- 
mechanisms. 

Figure 2b shows the outer loops controlling bank 
angle and heading. (In Fig. 2b the entire subsystem 
of Fig. 2a is represented by the box labeled roll- 
rate control.) Bank angle is controlled by using a 
vertical free gyro to measure actual bank angle 
and calling for a corrective roll rate proportional 
to bank-angle error. Finally, heading is controlled 
by comparing commanded heading with actual 
heading (as measured by the directional free gyro) 
and then banking the airplane to correct any head- 
ing error. See Gyroscope. 

The complete heading system will also involve 
control of yaw rate, by means of the rudder, to 
ensure a coordinated turn, that is, to avoid uncom- 
fortable lateral acceleration of the pilot. 

The scheme for controlling altitude is similar to 
Fig. 2. A basic pitch-rate loop (like Fig. 2a) is 
supervised by the vertical free gyro to control pitch 
attitude; the attitude loop, in turn, is supervised 
by an altimeter. 

Pitch rate is limited electrically to prevent over- 
stressing the aircraft. In addition, a separate moni- 
toring mechanism is arranged to turn off the auto- 
pilot in case of malfunction. All told, many feed- 
back loops may be involved in a complete autopilot. 

Modes of operation. The oldest form of auto- 
pilot simply maintains the airplane in straight and 
level flight. This is called cruise control. Tlie first 
9 uch system was demonstrated by E. A. Sperry in a 
prize-winning flight over Paris in 1914. Its succes- 
m>ts have been stabilizing transport airplanes of 
all types for many years. 

Cruise control. Cruise-control autopilots com- 
monly consist of a heading system (Fig. 2) and an 
altitude-control system, in which heading and alti- 
tude commands are manually set by the pilot. In 
more sophisticated systems the autopilot may be 
coupled with an automatic navigator to carry out 
long-range, programmed flights. 

Radio command. Guided missiles, drones, and 
interceptor aircraft can be controlled from ground 
stations by means of radio signals. Flights of 
interceptors may be maneuvered at long range 
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Fig. 1. Autopilot system, (o) Airplane axes and controls, (b) System block diagram. 


(using radar and ground computer equipment) in 
ground-controlled intercept (GCI). 

Automatic approach . Automatic approach to a 
landing field may be accomplished either by ground 
command or by furnishing a strong radio beam 
down which the airplane can be flown. 

In the command method, ground controlled ap- 
proach (GCA), an observer tracks the airplane 
optically or by radar and instructs the pilot by 
radio. See Precision approach radar ( PAR ) . 

Alternatively, radio beams can be used to form 
an instrument landing system (ILS). Two beams 
are used; one forms a thin vertical plane to control 
the flight direction with respect to the runway, and 
the other forms a plane inclined a few degrees 
with the ground to control the airplane’s glide path. 
Receivers on the airplane measure displacement of 
the airplane with respect to the beams and send 
corrective commands to the heading and pitch- 
attitude channels of the autopilot. See Instrument 
LANDING SYSTEM (ILS). 

Automatic fire control . In homing missile or 
fighter attacks on other aircraft, radar (or infra- 
red) tracking error signals are fed directly into 
tight autopilot rate loops (Fig. 2a). Very fast 


hydraulic servos are required for acceptable track- 
ing. See Firf.-control systems; Missile guidance 
system. 

Stability augmentation. Modern supersonic pi- 
loted aircraft are sometimes aerodynamically un- 
stable. They are made flyable by retaining the auto- 
pilot rate loops (Fig. 2a) even during manual 
operation. 

Autopilot design. Because the aerodynamic 
properties of an aircraft vary greatly with speed 
and altitude, control system gain settings (Fig. 2) 
must be varied in flight to maintain good stability 
(rapid damping-out of transient disturbances) and 
fast response to steering commands. See Control 
systems; Systems engineering. 

Gain adjustments can be connected^to speed and 
altitude sensors and thus programmed according 
to a prearranged schedule. Alternatively, self-adap- 
tive techniques can be employed, wherein dynamic 
response of the autopilot-controlled aircraft is 
sampled at regular intervals in flight ; (using either 
deliberate or random inputs) and gain adjustments 
made to keep the response characteristics optimum. 

Early system design is based on wind-tunnel data 
and on dynamic studies using special feedback 
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Fig. 2. Heading-control system, (a) Roll-rate control, (b) Heading loop. 


analyse techniques. Later, breadboard components 
are connected to an electronic flight simulator (an 
analog computer representing airplane dynamics) 
so that many hours of simulated flight testing and 
system refinement can be completed rapidly and 
inexpensively on the ground before the system is 
actually in flight. 5ee Analog computer; Simula- 
tor. 

Space vehicles. Attitude-control systems are 
used in satellites and space vehicles to maintain 
orientation with respect to the earth or the fixed 
stars. In the absence of an atmosphere, the levels 
of both the disturbing torques and the required 
control torques are many orders of magnitude 
lower than for an aircraft. Typical disturbances 
come from small meteorites, the sun's radiation 
pressure, and irregularities in the gravity and mag- 
netic fields of nearby planets. Controlling torques 
may be produced by gas jets, by inertial reaction 
against gyros or wheels, by radiation pressure, or 
by reaction with local fields. Sec 1ntf.rplanf.tary 
PROPULSION. 

The principal attitude sensors are optical 
horizon scanners or star-sighting telescopes. In 
some applications they must be extremely accurate. 
Satellite astronomical observatories, for example, 
may have to hold attitude to 0.1 second of arc over 
telescope exposure times of several minutes. 

[R.H.C.] 

Bibliography ; W. Bollay, Aerodynamic stability 
end automatic control. 14th Annual Wright Broth- 
ers Lecture, 7. Aeronaut . Sci., 18(9) :569~617, 
1951 ; R. E. Roberson, Attitude control of a satellite 
vehicle — an outline of the problems, Proc . 8tk In - 
fern. Astronaut . Federation Congr 317-339, 1957. 


Autoradiography 

A photographic technique for detecting radioactive 
substances. The procedure is also known as radio- 
aut'graphy. 

Procedure. A photographic emulsion is placed in 
direct contact with the object to be tested and is 
left for several hours, days, or weeks, depending 
on the suspected concentration of the radioactive 
material. The film is then developed, fixed, and 
washed as in normal photographic processes. At 
sites where the film was close enough to the radio- 
active substance, it appears dark because of the 
presence of silver grains. When the number of 
grains is insufficient to darken the film to the un- 
aided eye, the film may be examined with the aid 
of a microscope. The individual silver grains may 
then be seen. The pattern formed by the grains 
depends in a large measure on the type of radia- 
tion and to some extent on the nature of the 
photographic emulsion. Alpha rays produce short 
straight rows or tracks of grains. Beta rays as 
well as x-rays and y-rays which affect film by pro- 
diiv .ng /9-particles, produce tortuous tracks the 
lengths and grain densities of which depend on the 
energy of the /9-particles. See Alpha rays; Beta 
rays; Gamma rays; X-ray (s), physical na- 
ture of. 

The degree of resolution of the radioactive sub- 
stance, that is, the precision with which it is lo- 
cated, can be greatly improved by making thin 
sections or squashing tissues or cells against the 
film. In practice, the tissue is often mounted on a 
glass microscope slide. The photographic emul- 
sion is then applied in a darkroom with a safelight. 
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Photomicrograph of the chromosomes of a plant root 
cell with its autoradiogram. The block grains indicate 
presence of tritium in certain parts of chromosome. 

A specially prepared thin-stripping film is pulled 
off a glass plate and spread with the emulsion side 
to the surface of a bowl of water. The wet film is 
then lifted up by dipping the slide beneath it. The 
slide is dried, exposed, and then developed with the 
specimen remaining firmly attached. When exam- 
ined under the microscope, the tissue, cells, or even 
parts of a single cell are seen with the silver grains 
above the site of any radioactive substance. A simi- 
lar preparation may be made by applying a melted 
photographic emulsion to the specimen on a dry 
slide. 

Use. Autoradiography can be used to detect ra- 
dioactive materials in almost any object. However, 
in biological research, the object is ( 1 ) either a 
whole plant or animal which can be flattened 
against a film, the cut surface of the plant or ani- 
mal. or one of its organs, (2) thin sections of tis- 
sues, (3) squashed and well-flattened tissues or 
cells, or (4) sheets of paper on which radioactive 
substances have been deposited and separated by 
some technique, such as chromatography. See 
Chrom atography. 

If the radioactivity is distributed throughout the 
object being tested, a rather indistinct picture re- 
sults. For example, when a plant is grown in a 
mineral solution containing the radioisotope cal- 
cium-45 for an appropriate period and then pressed 
against a sheet of x-ray film for a while, the result 
when the film is developed will be a picture of the 
plant. Likewise, if the fruit of a tomato plant grown 
in the same way is cut in half and the cut surface 
left in contact with the film for a while, a picture 
showing the inner structure of the fruit with its 


seed will be seen. If the object is wet or contains 
materials that would react chemically with the 
film, a thin protector sheet may have to be placed 
between the object and the photographic emul- 
sion. ff the plant is grown in calcium-45 for only a 
short period, most of the radioactivity will show 
up in the growing parts — the young growing leaves, 
buds, and tips of roots. 

The high-resolution autoradiogram has become a 
powerful tool in detecting and measuring small 
amounts of radioactivity that could not be detected 
in any other way. Most radioactive isotopes pro- 
duce radiations that penetrate the film deep 
enough to produce somewhat out-of-focus autora- 
diogrums. hut tritium (radiohydrogen) is an excep- 
tion. Its very low energy /^-particles are stopped at 
the surface of the film. Therefore, the grains ap- 
pear very close to the radioactive site. It has been 
possible to label chromosomes, the small bodies of 
genetic material in the cell nucleus, with a selective 
label, tritium-thymidine. When they reproduce, 
each labeled chromosome can be shown to vield one 
labeled and one unlabeled daughter chromosome. 
See Radiography. (.i.h.t. ] 

Bibliography: (*. A. Boyd, Autoradiography in 
Biology and Medicine , 1955; (». Oxter and A. W. 
Pollister ( eds . ) , Physical Techniques in Biological 
Research , vol. 3. 1956. 

Autotomy 

A process by which appendages of crabs and 
other crustaceans and tails of some salamander* 
and lizards may he cast off under stress. The break, 
in crustaceans, is at a definite site with a pre- 
formed internal partition that restricts loss of es- 
sential body fluids. In the salamanders and lizard-, 
the center of each tail vertebra is unossified and 
breaks easily. Autotomy is a protective mecha- 
nism. When grasped by an enemv, the part frac- 
tures off and the owner escapes. Severed parts usu- 
ally regenerate. In crustaceans, the replacement 
increases in size at each successive molt. With 
salamanders and lizards, repair growth is continu- 
ous. I t.i.s.] 

Autotransformer 

A special form of transformer having one winding, 
a portion of which is common to both the primary 
and the secondary circuits. The current in the high- 
voltage circuit flows through the aeries and com- 
mon windings (see figure). 

The current in the low-voltage circuit flows 
through the common winding and'adds vectorially 
to the current in the high-voltage circuit to give the 
common winding current. Thus, ajfi electrical con- 
nection exists between high-voltagl and low-voltage 
windings. Because of this sharing of parts of the 
winding, an autotransformer having the same kilo- 
volt-ampere (kva) output rating is generally 
smaller in weight and dimensions than a two- wind- 
ing transformer. The equivalent siae of a two-wind- 
ing autotransformer without taps is given by the 
coratio times the output kva, where the coratio 
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equals (HV - LV)/HV. When the coratiu i« small, 
that is, when the high-voltage and low-voltage 
magnitudes are elose together, the cost advantage 
in favor of an autotransformer is large. As the 
coratio becomes large, the equivalent size and the 
cost of an autotransformer approach that of a nor- 
ma! transformer. 

One possible disadvantage of autotransformers 
is that the windings are not insulated from each 
other and that the autotransformer provides no 
isolation of the primary and secondary circuits. 

Types of autotransformers. Autotransformers 

of large sizes are used for interconnecting high- 
voltage power systems. They are used in small sizes 
for intermittent-duty starting of motors. For this 
use the motor is connected for a short time to the 
common winding voltage, and then connected to 
the full line voltage. Small, variable-ratio auto- 
Ira (informer.- are used ill testing, and a* components 
of other apparatus. 

Characteristics. Because of their smaller equiv- 
alent size, autotransformers generallv have lower 
no-load loss, exciting current and load loss than 
corresponding transformers. In addition, the im- 
pedance and regulation normally are lower because 
of the connection between the two circ uits. 

Taps. Taps can he provided in the autotrans- 
former to adjust the turns ratio. This provides con- 
trol of the output voltage over the operating range 
of the transformer. These taps may he placed in 
the scries winding or in the common winding. The 
problems of switching from tap to tap under load 
are similar to those encountered in tap changing 
on a two-winding transformer. The switching from 
tap to tap can he done without interruption of 
service. 

Small variable-ratio autotransformers used for 
testing have a brush contact which serves as the 
common line. This contact may he moved across 
the turns to give a common line voltage from ap- 
proximately 100 to 0% of the high voltage. See 
Transformer, F J 

Auxin 

A generic term for a group of compounds which 
exert regulatory effects on plant growth when they 
are present in low concentrations. In general, a 
compound is classed as an auxin if it will promote 
elongation of an oat coleoptile at low concentra- 
tions (of the order of 10 * Ml. The one definitely 
known naturally occurring auxin, indole-3-acetic 
acid, is a basic plant hormone. Other naturally oc- 
curring auxins undoubtedly occur, but as yet none 


has been positively identified. Many compounds 
which are not known to be naturally occurring also 
fulfil] the criterion for being considered auxins. 
Some of the better known of these synthetic auxins 
are 2,4-dichlorophenoxyacetic acid, a-napthalene- 
acetic acid, indole-3-butyric acid, and 2,3,5-triiodo- 
benzoic acid. 

All auxins exert other effects on plant growth 
besides promoting elongation of coleoptiles and 
stems. The number of such effects exerted differs 
from one auxin to another. Among the other growth 
reactions of plants influenced by one or more of the 
auxins are abscission, initiation of flowers, epinasty, 
pholotropism, geotropism. apical dominance, cam- 
bial activity, initiation of roots, development of 
fruits, and tumor formation. See Plant growth; 
Plant hormones; Plant movements; Plani 

PHYSIOLOGY. [b.S.M.1 

Avalanche 

A mass of snow or ice moving rapidly down a 
mountain slope or cliff. Avalanches, or snowslides, 
range from small movements on established ava- 
lanche tracks to large, sporadic, very rapid move- 
ments capable of taking a heavy toll of life. Ava- 
lanches are infrequent on slopes of less than 25°, 
especially numerous on those exceeding 35°, and 
most commonly start on convex slopes. Both old 
and new snow may avalanche, but serious ava- 
lanches are always possible when 12 in. or more 
of new snow is present. Movement may be set off 
by temperature, vibration, shearing, or other slope 
disturbance. 

Dry snow avalanches usually occur during, ot 
within several days after, snowfall. They may af- 
fect whole slopes, even if wooded, and may exceed 
100 mph. Wet snow avalanches are formed during 
thaws or rainy weather. Their movement is less 
rapid but max Sr destructive. Slab avalanches of 
wind-packed snow are broader, deeper, and move 
rapidly. This type of avalanche is an extreme haz- 
ard to life and property. 

Avalanche prevention and prediction has become 
an important service. Reforestation, snow sheds, 
and avalanche breakers and barriers help to pre- 
vent or control movement. Careful coordination in 
planning land use avalanche forecasting, and safety 
patrolling, with artificial release of slides and tem- 
porary closing of hazardous zones, help make 
mountain areas safe for human use. See Snow 

SURVEYING. [C.F.S.S.] 

Aves 

The class of birds, warm-blooded, egg-laying verte- 
brates primarily adapted for flying. All known 
flightless birds, both living and extinct, are be- 
lieved to have evolved from flying ancestors. Birds 
are unique in possessing feathers, the epidermal 
structures which form most of their external cover- 
ing. The origin of feathers is uncertain, but they 
evidently preceded flight. Archaeopteryx , earliest 
known bird, had feathers exactly like those of mod- 
ern birds. The feather covering possibly devel- 
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oped originally as a heat-regulatory mechanism, 
but feathers modified in various ways now serve 
many other purposes, including flight, protective 
coloration, and inter- or intraspeciflc recognition. 
See Feather (bird). 

Taxonomy. Although birds are among the most 
thoroughly studied animals, there is still much dis- 
agreement about their classification. A classifica- 
tion scheme of the birds is given below and sepa- 
rate articles appear on each group. 

Class Aves 

Subclass Archaeornithes 

Subclass Neornithes 

Supexorder Odontognathac 
Superorder Ichthyornithes 
Superorder Neognathue 
Order Struthioniformes 
Castiariiforincs 
Dinornithi formes 
A pterygi formes 
Aepyornithi formes 
Rheiformes 
Tinami formes 
Sphenisci formes 
Procellariifcinnes 
Gaviiforme- 
F^dici pit i formes 
Pelecani formes 
Ciconii formes 
A nseri formes 
Falconi formes 
Ga Hi formes 
Oruiformes 

Diatrymifnrme* 

Charadrii forme* 

Col urn hi formes 
P-ittariforme* 

C uc ill i formes 
Slrigiforme* 

Caprimulgiforme? 

A podi formes 
Coliiformes 

Trogoni formes 
Corariiforrnes 
Pic i formes 
Passeri forme* 

Environmental adaptations. Virtually all parts 
of the bird body have been greatly modified as an 
adaptation for flight. The common basic avian 
structural plan has undergone many further adapta- 
tion* for specialized mode* of life, particularly in 
relation to method* of feeding. It has proved diffi- 
cult to find structural character* conservative 
enough to be true indicator* of relationship* among 
birds, and modern ornithologists are turning to 
such studies as comparative behavior and serology 
to help clarify uncertain relationships. See Aves 
fossils ; Vkrtebrata. | K.C.P.] 

Bibliography : P. Grasse fed.), Traite de zo- 
ologies vol. 15. 1950; J. L. Peters, Checklist of 
Birds of the World , 7 vols., 1931-1951; R. M. 


Strong, A bibliography of birds. Field Museum 
Nat. History Zool. Ser. t 25:937, 1939. 

Aves fossils 

The class Aves (birds) is generally accepted as de- 
rived ancestrally from the smaller, slightly built 
species of the reptilian suborder P*eudoMichia of 
Triassie age. The earliest known avian fossils arc 
Archaeopteryx and irchaeornis of Pate Jurassic 
time. Both specie* had toothed jaws, free fingers in 
the forelimh. a long tail with many vertebrae, and 
other reptilian characters, hut with abundant true 
feathers that mark them a* primitive bird*. Fos- 
sils of Cretaceous time show the shortened tail 
form with distal vertebral elements consolidated in 
one hone, the pvgostyle. which i- normal in birds. 
Hespvrornis . a large, highly specialized, flightless 
Cretaceous-age diver, was the only group still re- 
taining true teeth. Ichthyornis had developed the 
keeled '•termini and modified wing hones that ac- 
company strong and continued flight. See Am iiu- 
ohmiiie*: Aves; Hesperorms; Iuuiiyoknis; \'k- 
oh n hues. 

Bv earlv Tertian time birds of modern t\pc 
were common. The few fragments known from Pa- 
leorene deposit* indicate specie* related to cortno- 
rant*, rail-, and sandpiper*. More abundant mate- 
rial from the F.ocene include- some genera of lixing 
families, in addition to extinct group-. One pecul- 
iar form from Fngland. Odnntopteiv i tohapi* us, 
I see illustration I remotelv related to pclii an-, bad 



Odontopferyx tohapica from the London Cloy. Lateral 
aspect of the skull as restored by R. Owen. There is 
no evidence for the presence of a postarticular proc- 
ess to the mandible. (The British Museum of Natural 
History ) 


sharplv pointed bony processes projecting tooth- 
like along the edge* of upper and lower jaws. 
Among Oligocene species it i* interesting to note 
a trogon and a parrot, group* of present-day tropi- 
cal affinity, from France, and four specie* of the 
extinct family Bathornithldae, related to South 
American curiama*. from the Great Plains. 

In Miocene time fossil penguins appeared in 
Australia and southern .South America, and hawks 
and other species representative if living genera 
were numerous in several parts the world. A 
number of birds represented by living forms are re- 
corded from upper Pliocene deposits. While among 
abundant Pleistocene bird* some are peculiar, like 
Teratornis of California, a condor with a 15 R 
wing.spread, numerous others were closely similar 
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t« living forma. Because remains of many existing 
kinds have been found in ire age deposits, it 
seems probable that most living birds were present 
at the beginning of that period. 

At present about 830 fossil speries of birds are 
known, with records of several hundred additional 
living kinds from Pleistocene deposits. From North 
America 468 species have been reported fas of 
1958), 207 of them still alive. Research in this 
field is especially active in the United States, and 
new r information also comes regularlv from Russia 
and New Zealand. Sec Af.pyornithih>rmks; T)ia- 

TRYMIFORMKS; Dl NOR NITII I FORMES. [a.W.] 

Bibliography: H. Howard. Fossil evidence of 
avian evolution. The Ibis , Quart. J. Brit. Omit hoi. 
(inion. [London) 92:1-21. 1950; K. Lambrecht. 
Handbueh drr Palacornithologir , 1933; A. Wet- 
more, A check-list of the fossil and prehistoric 
birds of North America and the West Indies. 
Smithsonian Inst. Misr. Collections , 131(5) :1 105. 
1956; A. Wetmore, Paleontology, in A. Wolfson 
fed.). Recent Studies in Arian Biology , 1955; 
A. Wetmore, Recent additions to our knowledge of 
prehistoric birds. Proc. Tenth Intern. Ornithol. 
Cong.. 51 74,1951. 

Avian leukosis 

A complex consist »r.> of a number of diseases in 
fowl characterized hv autonomous proliferation of 
blood-forming cells, and prnhahlv caused bv vi- 
ruses. The disease complex is a serious hazard in 
the poultry industry and much work has been done 
on the problems of transmission, host resistance, 
and prevention. The same virus, nr a variant of it. 
ma\ be responsible for a large number of diseases; 
the symptomatology depends upon the organ at- 
tacked. Included in the complex are neurolvmpho- 
matosis (range paralysis) and osteopetrosis « mar- 
ble bone or big leg), which attack specific systems; 
visceral hmphnmatoM* (lymphosarcoma) : and the 
blood diseases erythroblastosis and myeloblastosis. 
The viral origin of the last three has been proved 
conclusively. The lymphatic forms of the disease — 
the first three of the complex are highly conta- 
gious and are of great economic importance. See 
Animal virus; Tumor viruses. [a.e.m.] 

Bibliography : K. M. Smith and M. A. Lauffer 
leds.). Advances in Virus Research , vol. 3, 1955. 

Aviation 

A .general term including the science and tech- 
nology of flight through the air. Aviation also in- 
cludes a mode of travel provided hv aircraft as a 
carrier of passengers and cargo and describes the 
employment of aircraft in such fields as military 
aviation. The world of the airplane, including the 
people who manufacture, market, and repair air- 
craft, is also frequently spoken of as aviation. 

Scope. Aviation in modern usage differs from 
the gliding or soaring of unpowered aircraft, such 
as a glider or sailplane, and the flight of lighter- 
than-air craft, such as a balloon. The pilot of 


heavier-than-air craft is an aviator, whereas the 
pilot of a lighter-than-air craft is known as an 
aeronaut. 

Aerology is that branch of meteorology con- 
cerned with the study of free air. Free air is that 
portion of the atmosphere which is undisturbed 
by objects on the earth, such as mountains or build- 
ings. Because aircraft move through free air, aer- 
ology is of great importance to aviation. A person 
professionally competent in the science of aerology 
is an aerologist. See Aeronautical meteorology. 

Aviation is broadly grouped into three classes: 
general aviation, air-transport aviation, and mili- 
tary aviation. General aviation comprises all avia- 
tion not included in the military or air-transport 
fields. Military aviation includes all forms of avia- 
tion in military activities, and air-transport avia- 
tion is primarily the operation of commercial air- 
lines essentially as a public utility. 

On the basis of hours in the air the three classes 
of aviation use the air space approximately as fol- 
lows: general aviation. 43% ; military aviation. 
41% ; and commercial airlines. 16%. On the basis 
of number of planes in the air the division is, 
roughly, general aviation, 63% ; military. 35%; 
and airlines. 2% . General aviation is discussed in 
this article: for transport and military aviation, see 
All* IH VW’ORTATIOV 

Applications. The major divisions of general 
aviation are business, charter, agricultural, instruc- 
tional. and pleasure flying. The fastest-growing 
and the most widely used branch of general avia- 
lion is that of business flying. Over 50% of the total 
hours flown in general aviation are in business air- 
craft. The flexibility of scheduling, the ability to 
operate from nonairline airports, the increased 
possibilities for personal conferences and on-the- 
joh visits of company executives, and the extensive 
territorial coverage offered by the company air- 
plane are am»n c i the reasons for the rapid develop- 
ment of business flying. 

Passenger and cargo transportation by chartered 
or rented aircraft is a significant part of general 
aviation, accounting for about 10% of the total 
number of hours flown. Among the important char- 
ter activities are pipeline and transmission-line pa- 
trol. forestry patrol, aerial mapping, aerial photog- 
raphy. crop dusting and spraying, mineral pros- 
pecting. and advertising. The distinguishing fea- 
ture of charter flying is that it is done by direct 
contract between the aircraft owner and the cus- 

•mer. .Some of the activities of charter aircraft may 
be carried out by company aircraft, in which case 
the flying is a part of business aviation. 

Both charter operators and industrial concerns 
use photogrammetry in their businesses. Photo- 
grammetry is the process of making maps and scale 
drawings from photographs, especially from aerial 
photographs. An aerial photograph is a picture of 
an object or source of radiation on the earth’s sur- 
face, developed from a film previously exposed in 
an air-borne vehicle. If the photograph is used to 
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make a map or chart, it is called a cartographic 
photograph. See Aerial photograph ; Photogram- 
metry. 

There has been widespread use of company 
aircraft in opening new localities for business pur- 
poses. Some localities which were previously im- 
possible to use because of distance, lack of trans- 
portation facilities, or other reasons can often be 
developed by the use of air transportation. See 
Akromacnetic surveying. 

Instructional flying, including dual and solo fly- 
ing. on an hours-flown basis, accounts for about 
17% of general aviation flying and is increasing 
yearly. Flying for sport or pleasure tends to be 
fairly stable at about 20% of the general aviation 
hours flown. 

General aviation aircraft are widely used by 
farmers and ranchers. Many use aircraft for aerial 
application of chemicals to their crops and forests, 
in both spray and dust forms, and to seed and 
fertilize the land. Insect invasion is often com- 
bated by application of chemicals from aircraft. 
A few aircraft are built specifically for agricultural 
purposes, but most are adapted from training or 
other types of light aircraft by the installation of 
storage tanks and spray booms for spraying and 
bins and blowers for dusting. 

neat classification. The general aviation fleet 
can be classified according to performance char- 
acteristics of the aircraft. Class I aircraft are the 
relatively large, multiengine aircraft having a total 
rated horsepower from all engines in excels of 750 
hp. Class II aircraft are light, twin-engine aircraft 
with a total rated horsepower from both engines of 
less than 750 hp. Gass III aircraft are those with 
single engines, having a carrying capacity of three 
or more persons. Class IV aircraft are defined as 
single-engine aircraft which carry one ot two per- 
sons. Gass V aircraft are those in the helicopter 
classification with varied performance and carrying 
capacity. \i -a.b.] 

Aviation medicine 

An inclusive term which embraces all the biological 
sciences related in one way or another to the effects 
of aviation on human biology, such as physiology, 
biochemistry, biophysics, immunology, health, psy- 
chiatry, and medicine. See Biochemistry; Bio- 
physics; Immunology; Medicine; Physiology, 
general. 

Physiology relative to flight includes, among 
others, such problems as anoxia, carbon monoxide 
poisoning, black-out, red-out, alveolar air exchange, 
adrenaline-noradrenaline output, and hypothermia. 
Human biochemistry is more specifically related to 
such chemical problems as transport of oxygen and 
carbon dioxide by the blood. Biophysical aspects 
include the problems of gravity tolerance, accelera- 
tion, and deceleration. Aviation medicine comprises 
diagnosis and treatment of problems like decom- 
pression illness, anoxia, and air sickness. Psychi- 
atry covers such vague aviation problems as pilot 
fatigue, flight anxiety, and apprehension. Immunol- 


ogy and health embrace those problems concerned 
with the prevention and spread of certain diseases 
which may be conveyed by air travel from country to 
country ; this would include such diseases as small- 
pox, cholera, yellow fever, and typhus. See Cholera 
vibrio; Smallpox; Typhus fever, endemic (flea- 
borne) ; Typhus fever, epidemic (lousk-rorne) ; 
Yellow fever. 

In addition, aviation medicine covers the study of 
aircraft accidents and their relation to such things 
as pilot error, the prevention of accidents, air-sea 
rescue, and survival equipment. See Decompres- 
sion illness; Space biology; Weightlessness. 

| M.GO.l 

Avocado 

A tender evergreen subtropical tree. Persea ameri- 
cana , native to Central America and southern Mex- 
ico. It bears oval or round, green or black fruits 



Avocado foliage and fruit. <From L. H. Bailey , ed.. 
The Standard Cyclopedia of Horticulture , vo /. 1, Mac- 
millan i, 1937) 

1-9 in. or more in diameter, containing a single 
large seed (.see Evergreen plants I. Three horti- 
cultural varieties are recognized by the type of 
skin: the thin (Mexican), thick ( Guatemalan I. or 
leathery (West Indian). The Mexican variety is 
hardiest to frost, the West Indian most tender, and 
the Guatemalan intermediate. The fruit, which does 
not soften until picked, is utilized frtpsh. usuallv in 
salads, and contains 5-30% oil. See Fruit (bot- 
any). Commercial production is fcmited to the 
milder sections of California and florida, which 
produce an annual crop valued at 'approximate!) 
18,490,000. See Fruit (tree). 

Avocet 

Any of four species of shore birds of the virtually 
cosmopolitan genus Recurviroslra . The avocets are 
characterized by long legs and a rather long hill 
which is upturned and hooked at the tip. There i* 




The avocet, Recurvirostra ameri cana; length to 20 in. 
(From B. L. Palmor, Fief Shook of Natural History , 
McGraw-Hill, 1949) 

one species in the United Stales, the American 
avocet, H. nmericnna. It is one of the most striking 
members of the Great Basin and Northern Plains 
shore fauna. It is large for a shore bird, having a 
length of 20 in. Its head, neck, and upper breast 
are pale cinnamon; the back, tail, und belly are 
white; the wing' are sooty black, crossed with a 
broad band of white. See Of aradrihokmes. 

[ J.O.B.] 

Avogadro’s law 

Sometimes called A.ogudro's hypothesis. Avoga- 
dro's lavs states that equal volumes of all gases and 
vapors, under the same conditions of temperature 
and pressure, contain identical numbers of mole- 
cules. From Avogadro’s law. the converse follows 
that equal numbers of molecules of any gases un- 
der identical conditions occupy equal volumes. 
Therefore, under identical physical conditions, the 
gram-molecular weights of all gases occupy equal 
volumes. Avogudro’s law i< not strict]) obeved h> 
real gases at ordinary temperatures and pressures, 
although the deviations are only slight. At high 
pressures, the deviations may be large. Avogadro’s 
law can be shown to follow theoretically from the 
simple kinetic theorv of gases. Nee Gas; Kinetic 
THEORY «t MATTER. (t.C.W.1 

Avogadro number 

The number of molecules. A„, in the grain-molecu- 
lar weight of a substance. 6.02 X 10-'. The gram- 
molecular weight is the molecular weight on a 
scale on which the atomic weight of oxygen is 16 
expressed in grams. The ratio of the gram-molecu- 
lar weights of any two substances must be identi- 
cal with the ratio of the absolute weights of their 
molecules. Therefore, the gram-molecular weights 
of all substances contain the same numbers of 
molecules. For a perfect gas. the molar or gram- 
molecular volume contains a number of molecules 
equal to the Avogadro number. See Gram-molecu- 
ear weight; Molar volume. 

Determinations of the Avogadro number by a 
variety of independent methods give results that 
agree very closely. The earliest estimates of^ its 
value were made during the latter half of the nine* 
ieenth century from the kinetic theory of gases. 


Avogadro number 697 

The viscosity of a gas can be shown by the kinetic 
theory to be proportional to (l/7V 0 )cr 2 , where a is 
the diameter of the molecules of the gas. If the 
molecules of a gas are considered as a number of 
elastic spheres of finite volume, then the expression 
relating the pressure, p, temperature, T , and vol- 
ume, V , of a gram-molecule is p(V — b) =* RT, 
where b is a constant representing the volume oc- 
cupied by the molecules. It can be shown that b is 
proportional to /Voir*. If b and the viscosity are 
found experimentally, a rough value of No can be 
calculated. The value of No obtained by this 
method is 5 X 10 2 \ remarkably close to the ac» 
cepted value. .See Kinetic theory of matter; 
Viscosity of casks. 

In 1909. J. Perrin determined values of No from 
studies of the Brownian movement of colloidal par- 
ticles and from the effect of gravity on their dis- 
tribution with height. Albert Einstein showed that, 
for a particle moving completely randomly, as does 
a colloidal particle, the mean square of its dis- 
placement x 2 in a given direction over a time t is 
related to the diffusion coefficient, f), by the ex- 
pression 

i 2 - 2 Dt 

If the particle obeys Stokes’ law 

p = RT - 
6 x.Voqa 

where r; is the viscosity of the water, and a is the 
diameter of the particle. 

Using these formulas and studying the mean 
square displacements of a very large number of 
colloidal particles over varying times through a 
microscope, Perrin obtained a value of 7.1 X 10 23 
for .V„. .See Brownian movement; Colloid; Dif- 

M SION IN GASFs AND LIQUIDS. 

The numbers of particles. n\ and n 2 , with en- 
ergies. E\ and E*. can be shown by Boltzmann’s 
law to be rek ted by the expression 

!Ii , e ((*t-*i)Arol/*r 

ns 

Now the potential energies of particles at heights 
A i and h 2 in a colloidal suspension are given by 
E\ « Wh\ and E 2 « Wh 2 , where W is the effective 
weight of the particles, allowing for the buoyancy 
of the water, calculated from their radius and 
density. Thus 

RT l f n *\ 

w(h 1 - h t ) ,n w 

Perrin obtained particles of uniform size by frac- 
tional centrifuging and measured their radius mi- 
croscopically. He measured the numbers of par- 
ticles at different heights by direct counting of the 
number of particles in the field of view of the mi- 
croscope. By this method, he obtained a value of 
7.2 X 10” for No- See Boltzmann constant; 
Crntrifucation. 
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By radioactivity measurements, a more accurate 
value of yV 0 was obtained by B. B. Boltwood and 
E. Rutherford in 1911. They separated some radium 
salt from its decomposition products and measured 
the volume of helium produced after a known time 
and the rate of emission of or- particles per second 
per gram of radium. They also measured the de- 
crease in the amount of radium during the course 
of the experiment. They obtained a value of 
6.1 X 10 2 * for No. See Alpha rays; Radioactiv- 
ity; Radium. 

In 1917, R. A. Millikan determined No by a direct 
measurement of the charge on the electron, r. He 
measured the rate of fall of electrically charged 
oil drops under gravity, and the rate of rise of the 
same drops when a vertical electric field was ap- 
plied. From these measurements, a value for e was 
obtained. Now e and the Avogadro number, /V 0 , are 
related by the expression F — N 0 e, where F is the 
faraday, the amount of electricity that will release 
1 gram-equivalent on electrolysis. From Millikan's 
value of e and a knowledge of F, a value of 6.07 X 
10-* was obtained for /V 0 . See Electrochemical 
equivalent; Electron. 

The most accurate value of N 0 is obtained from 
x-ray measurements and density data. The wave- 
length of the x-rays is measured with a ruled dif- 
fraction grating, and the lattice sparing of a crys- 
tal. d s is determined by Bragg's relation 

A * 2d sin 0 

using x-ravs of the same wavelength. The volume v 
per molecule is related to d by the expression 

v = d-Vn 

where is a geometrical fartor and n is the num- 
ber of molecules in the unit cell. The density of 
crystal p must also be measured very accurately. 
Then Avogadro's number. /Vo. is equal to the ratio 
of the molecular weight Af to the weight of a mole- 
cule m, 

V , ~ , nM 

0 m pv p4>d* 

and so No can be found. Crystals of calcite, CaCOx, 
have been used in these determinations, and R. T. 
Birge gave a value of No =* (6.0228x ± 0.00011 ) X 
IQ?.? t Batuecas has pointed out that there is an 
uncertainty of 0.01 in the atomic weight of calcium, 
and he has used diamond instead of calcite to give a 
value of (6.0236 ± 0.00007) X 10” for No. See 
Atomic constants. [t.c.w.] 

Axenic culture 

Rearing an organism of a single species, for exam- 
ple, a bacterium, fungus, alga, protozoan, or a 
higher form, in an environment (medium) free of 
other living organisms. The term axenic has largely 
replaced the term pure culture of classic micro- 
biology. The use of axenic for pure in this instance 
avoids the connotation as understood by micro- 
biologists in the culture of cellular organisms 
derived from single or multiple cell isolations. 


Furthermore, pure culture, except for bacteria] 
cultures, does not exclude accompanying flora. 
In some instances with micrometazoa, pure cul- 
tures contained algae, fungi, and other protista. 
Thus, axenic, as designating a culture, means only 
one living species. 

Plucking an organism from its natural environ- 
ment and segregating it from its competitors and 
enemies provides material for deepening knowledge 
of cellular mechanisms. Physiological and nutri- 
tional studies on cells require complete control of 
all important variables such as organic* molecules, 
inorganic ions, suspended and colloidal materials, 
pH, radiant energv, dissolved gases, pressures, and 
temperatures. These variable's are them accessible 
to experimental handling. This availability of a de- 
pendable source of organisms permits detailed 
studies of morphology, histology, genetics, repro- 
duction, and enzymes of special interest. 

The techniques for studying the nutrition of 
axenic culture's have been detailed bv L Provasoli. 
S. Hutner. E. Dougherty, and (i. Kidder. 

The basic problem in establishing axenic cultures 
is the design of isolation media which imitate the 
natural environment; therefore, reseaicher- de\i*i* 
synthetic media in imitation of the chemical and 
physical characteristic* of the natural environment. 
Initially, such media, except those for photo*vu- 
thefic organisms, are usually compounded of com- 
plex organic materials. See Crui he. »m he. 

Methods Of axenic culture. Whatever its vnode 
of life free living, commensal, parasitic, or ^in- 
biotic- the organism rnu*t he freed from contami- 
nating life. Various method*, both ph\*ical and 
chemical, have been evolved. 

Physical methods. Organisms larger than n un- 
picked from the culture with a micropipette. 
Smaller organisms require inicrornanipulators and 
forge-drawn capillaries. Behavior patterns are ex- 
ploited Much as phototaxis, geotaxis, or thigmotaxi* 
as ineitants to migration in concent rating cell* and 
leading them up the pipette. The organisms are 
transferred by pipette to large volumes of sterile 
media. If the isolate is motile with exploitable 
tactic behavior, then concentration and capillary 
capture, followed by serial transfers (successive 
micropipette washings ) have been surcessful. The 
extent of the contamination of the raw material 
determines the number of washings and dilution 
volumes. For organisms able to grow on solid sur- 
faces. plating the eells on agari/ed media from the 
serial dilution with subsequent picking of colonies 
and replating has provided axenic cultures. Con- 
taminants can he washed from organisms with re- 
sistant stages such as egg cases, spires, or cysts, 
with sterile solutions. With some mfetazoan eggs, 
such as those of Planaria , shaking thg eggs in ster- 
ile water with repeated changes has hatched axenic 
worms. Raw niltures containing bacterial contami- 
nants within or on the organism undergoing isola- 
tion are treated with antibiotics or antifungal drugs 
as adjuncts to the physical treatment. 

Chemical methods . Many contaminants are more 
susceptible to antibiotics than the desired isolate. 
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Therefore, antibiotics such as penicillin, chloram- 
phenicol, neomycin, chlortetracycline. and strep- 
tomycin. used singly or in synergistic combination, 
are especially useful and have permitted axenic 
cultures of algae, protista, and micrometazoans. 
With some raw cultures of algae and protozoan*, 
pretreat ment with minimal doses of antibiotic 
mixes reduces the bacterial population before cap- 
illary concentration and washings. Streptomycin 
must he used cautiously in dealing with photo- 
synthetic forms. En/ilrna g nirilis . a Iresh-water 
chlorophyll-hearing organism, is permanently 
'‘bleached*’ bv streptomycin. Antibiotics and fungi- 
stats stu b as Mveostatin are generally added fiom 
solutions sterilized by Seitz-, Millipore- or sintered- 
glass filtration. With semisolid or «.olid media, these 
agents are added bv reheating the media and in- 
corporating the drugs just before gelation. They 
are placed in the plate, and cooled medium is 
added with vigorous swirling to ensure equal dis- 
tribution. Some irnertebrate egg eases and pro- 
to/oans are cleaned effect i\el\ with hvpoehlorite. 
dye*. *>r both. Phagotrophic organisms are treated 
with antibiotics bv saturating the food particles 
with dings. Kupidh reproducing organism* ha\e 
been made a\eni«' b\ repeatedly adding antibiotic 
mixes to serial transfers. This *\Meni permits bac- 
teriostatic drug ai tioii while the isolate reproduces 
r.tpidlv : the serial dilution effect lessens the num- 
ber of contaminant* being « arried oxer. Separate 
isolation of pei*i*tent contaminant* permit* de- 
termination of antibiotic or antibiotic combinations 
whii h will eliminate the contaminant*, \dequate 
*terilit\ testing of axenic cultures demand* inocula- 
tion of rnariv different hind* of media. *uitahl\ en- 
riched with a \arietv of natural material*, includ- 
ing heat-labile *ub*tanees *uch a* *erum or wliole 
blood. See Mu nomoi non \t. mi thou*. 

Investigator** have u*ed combination* of pbv*ica1 
and chemical method* in obtaining axenic culture* 
of yeast*, fungi, algae. Protozoa, mierometa/oa. 
and higher form*. 

Principles of isolation media. The i*olatinn 
media, at least at the start. mu*t reflect the organ- 
ism’* natural environment. A photosvnthetic marine 
flagellate would be best isolated in enriched *ea 
water, that i*. sea water phis varioti* vitamin* and 
other compounds, the whole of which after sterili- 
zation imitates the natural environment. Organic 
materials are generally added in the form of hydro- 
lyzed proteinaceous material. These include pro- 
teose peptone. vea*t autolysate, and tryptic digests 
of casein, finally, carbohydrates are added a*ep- 
ticallv. This obviates their breakdown during heat 
sterilization. Fat* are generally added separately, 
usually from self-sterilizing alcoholic solutions.. 
Formulation of the major inorganic constituents is 
aided by knowledge of the composition of minerals 
in the natural habitat. Trace elements in chelated 
form fusing chelators such as ethylenediamine 
letraaeetic arid I are useful in providing a reservoir 
of metals and stabilizing ion complexes, thus avoid- 
ing precipitates. Buffers such as trisf hydroxy- 
methyl )aminnmethane (THIS I add stability to 


alkaline media, whereas Krehs-cycle components 
and amino acids serve in the acid range. Both arid 
and alkaline ranges are less readily buffered by in- 
organic phosphate and carbonates. Generally, the 
organism's mode of nutrition determines the ma- 
terials to be added to an inorganic, basal media. 
Phagotrophic organisms are supplied particulate 
food in suspensions or colloidal mixtures; osmo- 
trophic forms utilize dissolved substances. Light is 
usually supplied by fluorescent lamps for photo- 
synthetic forms. Occasionally, tungsten-filament 
lamps and CO^ enriched air are used in addition 
to fluorescent lamps. Sources of heat-lahile factors. • 
such as blood for some parasites, are obtained and 
distributed aseptieally. Media for osmotrophic and 
phagotrophic organisms must have certain energy - 
vieldiug materials such as amino acids (notably 
glutamate and aspartate), sugars, and fats. Water- 
soluble and fat-soluble vitamins are added as mix- 
ture* in varving concentrations and combinations. 

Algae. Axenic cultures of algae and protozoans 
have been isolated from fresh and *alt water. They 
include blue-green algae, pennate and centric dia- 
toms, Chloric hveeae. Chrysophyceae. Cryptophv- 
ccae. Dinophvceae, euglenids. and a few macro- 
scopic algae such as Ilva lartura. Media for mo«t 
algae enihodv rather precisely defined quantitative 
relationships of major elements which include mag- 
nesium. calcium, potassium, and sodium with chlo- 
ride and sulfate ions, and of the minor elements 
iron, cobalt, manganese, zinc, molybdenum, cop- 
per. and occasionally others. Trace elements are 
chelated to en*ure a nontoxic reservoir of ion*. 
Phosphorus i* supplied a* inorganic phosphate and 
nitrogen a* nitrate or ammonium salt. Some dia- 
toms. chrxsomonad*. crvptomonads. euglenids. and 
dinoflagellates ran utilize organic phosphates such 
a* glvcerolphosohate instead of inorganic phos- 
phate and aminu jcids a* a nitrogen source. These 
have an advantage in that their calcium and mag- 
nesium *alt* of the former are more soluble than 
the corresponding inorganic phosphate*, while the 
amin«* acid* aid metal chelation. 

Manv diatom specie* utilize lactate, glucose, or 
acetate in the dark for helerotrophic growth. Many 
axenic algae have absolute requirements for vita- 
min Bvj. Other members of the Chrv*oph\ceae and 
Dinophveeae require Bus thiamine, and biotin. 
Fttfz/cna spp. and Orhromonas mn\ ham crisis are 
heterotrophic. growing bv o*motroph\ in the dark 
in media supplemented with amino acids, vitamins, 
and high levels of carbohydrate*, principally glu- 
cose. These heterotrophic. B ^-requiring algae are 
used for measuring levels of this v itamin in blood, 
urine, and spinal fluids. Manv marine algae re- 
quiring Brj and other vitamins (thiamine, biotin) 
are used to assav vitamin* in naturaJ waters in at- 
tempts to ascertain the role of such substances in 
phytoplankton productivity. 

Some algae produce exotoxins which are potent 
neurological poisons and important for pharma- 
cological research. Examples are the dinoflagel- 
lates Gonxaulax polyedra and Gymnodinium 
breves, the latter frequently occurring as blooms 
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in the Florida Gulf, where it may cause mass kill- 
ing of fish; and the chrysomonad Prymnesium 
parvum , whose development in carp ponds in Israel 
is followed by death of the fish. Studies with axenic 
cultures of Prymnesium have shown that ammonia 
is toxic to this alga; hence its development is now 
prevented by the routine addition of ammonia to 
the fish ponds. See Chrysomonadida ; Dinoflac- 

ELUDA. 

Gymnodinum breves, a toxin-producing dinoflag- 
ellate of the Florida Gulf waters, has been axeni- 
cally cultured in synthetic medium. Nutritional 
studies point to vitamin enrichments, notably B12 
and chelated metals as incitants to blooms, with 
concomitant mass fish kills. 

Toxins from axenic cultures are potent neuro- 
logical poisons. Biologically active substances are 
being made available from these and other axenir 
algal cultures as pharmacological research tools. 
Of the many thousands of flagellate species in na- 
ture. only a few have been axenically cultured, and 
their products isolated and tested for biologic ac- 
tivity. 

Protozoa. Parasitic protozoa, especially Trypano- 
somidae and Trichomonadinae, have been studied 
in axenic culture. Trypanosomidae so cultured in- 
clude species of Leishmania , Strigomonas , Cri- 
thidia , and Trypanosoma . They present a wide vari- 
ety of nutritional patterns including requirements 
for hematin and uniquely, unconjugated pteridines. 
See Trypanosomatidae. 

It is no surprise that axenic cultures of malarial 
parasites indicate that blood is a rich source of nu- 
trients. The metabolic pattern of the parasite re- 
flects obligate intracellular or extracellular habi- 
tats and the needs for red blood cell and plasma 
constituents. Malarial parasites, unlike most blood- 
dwelling trypanosoma] forms, have metabolic proc- 
esses intimately bound to the metabolism of the 
vertebrate host. Axenic cultures of these parasites 
are speeding research testing of chemotherapeutic 
agents. See Haemosporiduda ; Malaria. 

The free-living ciliate Tetrahymena pyriformis 
has been extensively studied in axenic culture. 
Synthetic capacities of the organism allow it to 
grow well in an autoclavable, completely synthetic 
medium. Its nutritional requirements closely ap- 
proximate those of man. It requires, among other 
nutrients, thioctic (lipoic) acid; some strains need 
sterols of plant origin. These ciliates are being in- 
creasingly used for dissection of basic metabolic 
pathways, and for such practical uses as the evalu- 
ation of the biological value of proteins. See Holo- 
thicha. 

Axenic cultures of various symbiotic algae from 
marine invertebrates in synthetic media have dem- 
onstrated hitherto unknown life cycles that sug- 
gest utilization by the symbionts (zooxanthellae) 
of animal waste products. The symbionts may be 
detoxifying agents for their host tissues, which in 
turn receive photosynthetically derived oxygen. 

Metazoa. Few metazoa are in axenic culture. 
This bespeaks the lack of workers, not material. 


Extensive treatment of axenic cultures of inverte- 
brates is given in a symposium volume edited by 
E. Dougherty. With the exception of a few insects, 
no metazoans have been grown axenically in a me- 
dium of known composition for an indefinite pe- 
riod. The insects have been grown in defined media, 
but these studies have been limited to one genera- 
tion, except for Drosophila which has been reared 
through several generations on chemically defined 
media containing agar. The agar is subject to a 
reservation because it may contribute unknown 
substances. 

Insects. Axenically cultured insects in defined 
media have no unusual nutritional requirements, at 
least through one generation. Some free-living and 
parasitic nematodes have been cultivated through 
many generations in media containing complex or- 
ganic materials foligidic and meridicK The nema- 
todes appear to require unknown components pres- 
ent in complex substances, which make it difficult 
to establish the ordinal y nutrient requirements. 
Studies on axenic cultures of invertebrate meta- 
zoans is apt to expand our fundamental knowledge 
of tissue organization and factors influencing ab- 
normal tissue growth and reproduction. 

Vertebrates. Various vertebrates have been 
raised, even through several generations, in axenir 
culture, that is. in the absence of a mirroflora 
within the animal and its environment. The term 
gnotnhiotic is applied to investigation concerned 
with growing living things by themselves, or in 
association with other known kind* of organising. 
The major breakthrough in axenir vertebrate cul- 
ture .was the development of instruments and physi- 
cal facilities for maintaining large animals, includ- 
ing guinea pigs, goats, mire, chickens, and rabbits, 
in ^ controlled environment. The rat«. mire, and 
rabbits are generally obtained by caesarean sec- 
tion and are weaned by hand. Hats fed on a semi- 
synthetic diet sufficient in nutrients for sustained 
life, but deficient in vitamin K. developed hvpo- 
prothrombinemia, while control animals on the 
same diet plus vitamin K showed no such symp- 
tom*. Further, numerous liquid, dry, and semisolid 
diets have been devised and evaluated for their 
efficacy in sustaining life and promoting growth of 
these animals. Axenically reared chicks, rats, and 
mice are quite comparable in vigor to their con- 
taminated counterparts, and show no new nutri- 
tional requirements. However, such animals have 
reduced weight, water, reticuloendothelial tissue, 
and connective tissue in organs norntally in contact 
with the microflora. Work on axenically grown 
guinea pigs also indicates that lymphatic tissue is 
less developed than in ordinary aniinals. 

Axenic cultures must be repeatedly tested for 
possible contamination. This involve! tests of feces, 
urine, blood, organs and tissues, boefy surfaces and 
orifices, water, food, and the interior of cages. A 
variety of media and conditions of incubation is 
used for this purpose, along with direct micro- 
scopic examination of wet and stained samples. 
See Germfrke vertebrate. 
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Man and his neighbors have evolved together 
from the beginning, and so it is not surprising that 
intricate interdependencies have evolved that are 
just being brought to light, for example, the fact 
that man obtains his vitamin Bi 2 primarily from 
microbial sources directly or once or twice re- 
moved. Axenic cultures will no doubt provide a 
wealth of biochemical information on these and 
other biochemical and ecological ties among or- 
ganisms. Such cultures offer the investigator an 
unlimited vista in the search for knowledge of cel- 
lular life principles. See Ecology; Ecologic in- 
teractions. [ J.J.A.M. j 

Bibliography : C. H. Bourne and G. W. Kidder 
(eds.). Biochemistry and Physiology of Nutrition , 
2 vols. t 1953; E. C. Dougherty. Axenic culture of 
invertehrate Metazoa: a goal, Ann. N.Y. Acad. Sri., 
77(2) : 25- 406, 1959; S. H. Hutner and A. Lwoff, 
Biochemistry and Physiology of Protozoa , vol. 1, 
1951, vol. 2, 1955; 1, Provasoli. Nutrition and ecol- 
ogy of Protozoa and Algae, Ann. Rev. Microbiol ., 
12:279 308. 1958; J. A. Reyniers, Germfree verte- 
brates: present status. Ann. N.Y. Acad. Sci ., 
78(1! :1 400, 1959. 

Axle 

A supporting member that carries a wheel. An axle 
ma> rotate with die wheel to transmit power to or 
from it. as does the rear axle of an automobile, or 
mav allow the wheel to rotate freely, as does the 
axle of a trailer. 

Axle types. Rear axles in American cars are usu- 
ally of the unsprung type, in which the rear-axle 
housing carries the right and left rear-axle shafts, 
at the outer ends of which are mounted the wheels. 


Rear axles in many European and some English 
cars are of the sprung type, in which the rear-axle 
gearing housing at the center is mounted to the 
frame or body, while the wheels and axle shaft 
outer ends are attached by linkage to the frame, 
body, or central gear housing. One popular sprung 
axle has been the swinging type, in which the struc- 
ture carrying each wheel swings from a center 
point; one example is the Mercedes-Benz car. 

Each type of rear axle has its own characteris- 
tics which may best suit the road conditions found 
in the respective countries where the car is sold. 

The unsprung axle is usually simpler and 
cheaper, permits easier alignment of the rear 
wheels, and provides an easier design to reduce 
lowering of the rear end of the car when accelerat- 
ing or to reduce raising of the rear end when brak- 
ing. The sprung rear axle permits reducing the 
unsprung weight at the rear wheels, generally con- 
sidered an advantage on rough roads. It also per- 
mits lowering the tunnel in the floor. Cars with 
sprung rear axles tend to transfer more noise into 
the body than those with unsprung axles, unless 
special insulating precautions are taken. 

General construction. A typical American rear 
axle is shown in the accompanying drawing. The 
housing carrying the axle shafts at their outer ends 
and the rear-axle gear carrier at the center is gen- 
erally a stamping formed from sheet metal. 

The rear wheels, hubs, and tires are carried at 
the extremities of the axle shafts of the live type, 
so-called because they rotate. The axle shafts are 
carried on bearings at the outer ends of the hous- 
ing by ball bearings (as in the drawing), each of 
which takes radial and thrust loading, or by ta- 


Typical American semifloating rear axle. ( Buick Div. 
General Motors) 


rear torque tube 
"2—4 'ear propeller shaft 

lubrication fitting plug 


O ring 


shaft 



elongated hole 
in strut rod 


ring gear 




702 


Axonola imohfea 


pered roller bearings, each of which takes radial 
and outward thrust loads, the inward thrust loads 
being taken through the axle shaft, across a center 
thrust block, and through the other axle shaft to its 
outer bearing. 

Each axle shaft inner support is in the splines of 
each differential side gear, which has a hearing in 
the differential case (see Differential). This type 
of axle, called semifloating, carries torcfue and the 
wheel loads at its outer end. Other types not now 
in genera] use include the full-floating, in which the 
axle carries only torque, the wheel vertical and hor- 
izontal skidding loads being carried by the rear- 
axle housing; and the three-quarters floating, in 
which the axle carries torque and the wheel skid- 
ding loads while the housing carries the wheel ver- 
tical load. 

The rear-axle driven gear (mounted on the dif- 
ferential case located by bearings in the rear-axle 
carrier) and the driving pinion (located bv bear- 
ings in the carrier) of all American and many Eu- 
ropean axles are of the hypoid type (.see Gear I . 
This type gearing carries the pinion generally 
1.5-2 in. below the centerline of the gear, some- 
times more, and introduces more sliding along the 
face of the teeth than the earlier spiral bevel gears, 
and necessitates an extreme pressure lubricant. 
The design permits lowering the tunnel in the rear 
floor compartment and provides additional rear 
seat cushion at the center of the car. See Trans- 
mission, AUTOMOTIVE. [f.R.M.] 

Bibliography: W. R. Griswold. Hypoid rear-axle 
design and lubrication. SAE Trans., 40(5) : 194- 
205. 1937: R. P. Lewis and L. J. O’Brien, Rear 
axles-today-tomorrow, SAE Trans., 66:364 382. 
1958: W. A. Witham, Hvpoid gears, axles, and lu- 
bricants, SAE Trans., 41 (5 ): 509-5 13. 1937. 

Axondaimoidea 

Free-living nematodes with outstretched ovaries, 
and amphids that are either spiral or shaped like a 
shepherd’s erook. The two families in the super- 
family are separated by the amount of punctation 
in the cuticle. They are mainly marine with the 
exception of Mime fre*h-water and soil species in 
one subfamily. They probably feed on microorgan- 
isms. .See Nematofm. [ h.e.w. ] 

Azeotropic mixture 

A solution of two or more liquids, the com position 
of which does not change upon distillation. The 
composition of the liquid phase at the boiling point 
is identical to that of the vapor in equilibrium with 
it, and such mixtures or azeotropes form constant- 
boiling solutions. The exact composition of the 
azeotrope changes if the boiling point is altered by 
a change in the external pressure. A solution of 
two components which form an azeotrope may be 
separated by distillation into one pure component 
and the azeotrope, but not into two pure compo- 
nents. Standard solutions are often prepared by 
distillation of aqueous solutions until the azeo- 
tropic composition is reached. At 760 mm pressure, 


hydrogen chloride and water form an azeotrope 
containing 20.24% by weight of HC1. See Distilla- 
tion; Solution. [f.j.j.| 

Azide 

One of several types of compounds containing the 
— Na group and derived from hydrazoic acid, HN t . 
The organic azides are represented by two groups 
of compounds, the alkyl and aryl azides, RN*u and 
the acid azides, KGON.,. The inorganic azides are 
important commercially because of the use of lead 
azide. Pb ( N.i ) •>, in priming compositions and ini- 
tial detonating agents. 

Sodium azide. NaN.», is produced commcreially 
by passing nitrous oxide over fused sodium urnide. 

2NaNH 2 + N 2 0-> NaN, 4- NaOH 4 Nil, 

The alkali and alkaline-earth metal azides are 
water-soluble; hence NaN :; is usually the starting 
material for the production of lead azide or other 
desired salts. See Explosion and explosive; Ni- 
trogen. | K. KWH. | 

Azimuth 

The direction of a line, usually expressed as a 
clockwise angle from a meridian, that i-*. from true 
north or true south. 

Azimuth of a celestial body i* based on the con- 
cept of the celestial sphere, the sphere of infinite 
radius of which the appurent sk\ forms half. The 
celestial sphere is conceived as having poles, me- 
ridians, and parallels of latitude, all extensions of 
their terrestrial counterparts, For purposes of 
measuring a/irnuth. all celestial bodies are as- 
sumed to lie in the surface of the celestial spheie. 
Azimuth of a celestial lmdv is the an measured 
clockwise along the horizon from the celestial 
meridian of the observer to the celestial great cir- 
cle that passes through the zenith, the nadir, and 
the c elestial body. 

In navigation, azimuth commonly is reckoned 
clockwise from north: in astronomv and geodetic 
surveying, it is reckoned clockwise from south. .Sec 

Surveying. I tenon. | 

Azole 

A suffix designating organic' compounds with a five- 
rnembered .V-heterocyclc containing two double 
bonds, .See Heterocyclic compound*. Formally 
the term may he. hilt seldom is, applied to pyrrole. 
In practice, azole is reserved for diunsaturated 


Azoles 



NH Pyrozolr or Imidnzolcv glyoxalmc*. 

1.2- dinzole or 1,3-diszolc 

O I sox ci /.ole or Oxiizole nr 1.3-oxnzoh* 

] , 2 -oxhxoI** 

R I sol hinzole or Thiaxole or 

1 .2- 1 hin zoic 1 .3-thinzole 
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rings containing two or more heteroatoms, one of 
which is nitrogen. Familiar azole systems are given 
in the accompanying table. Example* of other 
monocyclic systems are formulated as (I ) to (III) ; 
some benzo derivatives are shown as (IV) to (VI). 



1,2,4-Triazole 

(I) 


tf if I! II 

X N"N N'O-N 

II 

Tetrazolc ] ,2,. r »-( Ixadiazole 
(II) or furazan 

( 111 ) 



l 


Ben/oxa/.olc 

(IV) 



Benzimidazole Benzol riaxnle 
(V) (VI) 


See Imidazole; Oxa/oi.f ; Pvha/oi.e; Tiiiazolk. 

| W.J.CK. ] 


Azotobacteraceae 

A family of aerobic bacteria of the order Eubacte- 
riales. capable of vigorous assimilation of elemen- 
tal nitrogen in pure culture. The family includes 
the genu* Azotohartv - with large, blunt, rod- shaped 
to spherical cells approximately 2 6 n in diameter 
I *ee illustration). They are chiefly motile, with lat- 
eral flagella. Mthoiigh complicated life cycles have 
been described, this question is still unsettled. 

izotuhacter species utilize numerous organic ac- 
ids, alcohols, and c arbohydrates as energy sources. 
The carbohydrates are usually oxidized without 
ac id formation. The Azotobacter species show the 
highest respiration rate among a!) types of li\ing 
matter and fix a maximum of 15 20 mg of free ni- 
trogen per gram of glucose consumed. In addition, 
thev utilize combined nitrogen in the form of ni- 
trate. ammonium, urea, and a few amino ac ids. The 
presence of ammonium suppresses nitrogen fixa- 
tion. In most cases, nitrogen fixation also ceases at 
a pH of 0.0 or slightly below. 

The species A. chraacnccum i* a very common 
soil inhabitant, the *tronglv motile 4. vinelandii 
occurs in soil and water, while A. a file appears to 
he an exclusively aquatic' form. Despite their wide 
distribution, the density of indiyidual Azotobacter 
cells in soil generally appears too low to make their 



Various type cells in the genus Azofobacfer. <V. B. D. 
Skerman) 

nitrogen-fixing activity a major factor, in compari- 
son with the nitrogen demands of agricultural 
crops. 

A group of related organisms is regarded by 
some authors as the separate genus Beijerinvkia . 
These are almost entirely confined to tropical re- 
gions and differ from Azotobacter proper by their 
smaller cell size, typical polar fat inclusions, and a 
greater tolerance of ac id reaction, with growth oc- 
curring approximately from pH 3 9. Their growth 
rate i* less than in Azotobacter , but their nitrogen- 
fixing efficiency is at least equally high. See Er- 
HA< TFR1ALKS. [H.L.J.j 
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Azurite 

A basic carbonate of copper with the chemical 
formula CiM OH ) j ( CO.c ) 2 . Azurite is normally 
associated wim copper ores and often occurs with 
malachite. 

Azurite is monoclinic. It may be massive or may 
occ ur in tabular, prismatic, or equant crystals. In- 
variably bine, azurite was originally used exten- 
sively as a pigment. Hardness is 3 u j~4 ( Mobs scale I 
and specific gravity is 3.8. It can be synthesized bv 
gentle heating of cupric nitrate or sulfate solutions 
with calcium carbonate in a closed tube. 

Notable localities for azurite are at Tsumeh. 
Southwest Africa, and Bisbee. Arizona. See Copper. 
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